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PREFACE

C?utritional status assessment is gaining importance in
today’s world, both in examining the nutritional status of popu-
lations in developing and developed countries and in determining

the nutritional status of individuals in hospitals and in the

commuinity.

For Nutritionists engaged in teaching, research and

field activities, the knowledge on assessment of nutritional

status is essential as this forms an important step in initiat-
ing, monitoring and evaluation of any nutritional programme%£>
Methods of nutritional status assessment constantly undergo
revision, in order to refine the existing methods and the inter-
pretation. More and more innovative and rapid methods are being
added in this context. Hence, it is essential that ail nutri-
tionists become abreast of latest developments. With this inten-

tion, the present training programme has been conceived and

formulated.

The content of the training programme covers the recent
trends in established methods of assessing the nutritional status
such as anthropometry, bio~chemical and clinical methods, dietary

assessment, vital statistics etc. Efforts have been made to.
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include some of the latest methods such as rapid & participatory

rural assessment techniques, focussed ethinography & stake holder

-analysis. 1In all the areas,

emphasis was given to the scientific
principles, the ‘advantages, limitations and applicability of the
various methods and the use of appropriate reference data. Often

nutritional assessment is marred by an inadequate appreciation of

confounding factors that may affect a proper interpretation of

results, as well as the use of in appropriate procedures

and reference data. Attempts have been made to discuss these

problems at appropriate points to highlight confounding factors -

T

where these are known to exist, and to provide guidance.on the

pooA s

selection of the most suitable procedures and reference data.

2Ry

S eh

It is obvious that this compilations is based on the

research and reports of many investigators, but we are particu-

larly greatful to the scientists from National Institute of

Nutrition and Faculty members of Foods & Nutrition Department of

APAU, Hyderabad.

We trust and hope this forms a good reference material

for all the nutritionists.

Uma Reddy.M &

f/\;f;f/,x.(.,(._ oo
Yasoda devi.p

(Course Coordinators)
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Nutritional status assessment - need and importance
Dr. Uma Reddy
Nutritional status assessment is the primary step

involved to initiate any intervention programmes in a
community or treatment in a hospital situation in a

hospital. 1In developing countries, where several welfare

programmes are being implemented and some are being
initiated it becomes all the more important to assess the
nutritional status of communities before starting the

‘programme, periodical monitoring and for evaluation of the

impact of the programme. The nutritional assessment may
be required to encompass nations, communities, . vulnerable
segment of comunities or individual. It may be done as a
part of exercise to document current status as compared
with past status, or as a specific attempt to evaluate the
impact of an intervention programne.

Research has been carried over several decades by

national and international organisation to evolve methods:

of evaluating the nutritional status. Assessment of
nutritional status can be done using the following
methods.

1. Direct methods nutritional anthropometry, biochemi-
cal and clinical method.

2. Indirect parameters - Diet surveys, morbidity and
mortality rates, especially age, specific mortality
rates.

The basic criteria involved in selection of the
parameters to evaluate nutritional status in field
situation are

1. Specificity - the extent to which the selected
parameters specifically identify nutritional status.

2. Sensitivity - the capacity of responding to minor
changes attributes to nutrition.

3. Simpliéity - in effect the need for the minimum of
skill, time and organisation as well as feasibility
under the conditions of the study.

4. Economy - involving the least cost yet reliable.
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ANTHROPOMETRIC ASSESSMENT OF YOUNG CHILDREN

Dr.P.Yasoda devi, Asst. Professor, PGRC-H.Sc
' A.P.A.U. Hy8erabad.

Nutritional anthropometry has been defined by
Jelliffe (1966) as the "MeasUfkment of the variations of
the physical dimensions and .the gross composition of the
human body at different age -levels and .degrees of
nutrition".

Advantages of Anthropometric assessment

1. The procedures are simblé"éhd safe

" 2. Equipment required 1is inexpensive, portable and

durable and can be made or purchased locally

3. Relatively unskilled personnel can perform measurement
procedures : '
4. The methods .are precise and accurate, provided that

standardized techniques are used

5. Information is generated on past long-time nutritional
history, which cannot be obtained with  equal
confidence using other techniques.

6. The procedures can assist in the identification of
mild to moderate malnutrition, as well as severe
states of malnutrition (over/under nutrition)

7. The methods may be used to evaluate changes in
nutritional status over time and from one generation
to the next, a phenomenon known as the secular trend
(Johnston, 1981). ’

8. Screening tests, to identify individuals at high risk
to malnutrition, can be devised (Chen et al., 1980).

Disadvantages of Anthropometric assessment

Despite of the advantages, nutritional anthro-
pometry has several disadvantages.

1. It is relatively insensitive method and it cannot
detect disturbances in nutritional status over short
periods of time or identify specific nutrient
deficiencies. '

2. Nutritional anthropometry is unable to distinguish
disturbances in growth or body composition induced by
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zinc) deficiencies from those caused Dby

nutrient (eg.
d energy intake.

~ impbalances. in protein an

nutritional anthropometry can be
anges in growth and or body
d in population groups.

Nevertheless,
used to monitor periodic ch
composition in individuals an

dimensions of the body are much

Physical
infuenced by (1) biological factors (sex, intra uterine
environment, birth order, birth weight, parental size
etc.) (2) Genetic background (3) Environmental factors
(season; climate, socio-economic level, nutrition,
exposure to infection/infestation and (4) psychological
factors.

Research studies suggested that environmental °

nutrition play important role in

infants growth than genetic background or other biological
factors (Habicht et al. (1974). The physical dimensions of
the body are much influenced by nutrition particularly in

rapidly growing period of early childhood. Well to do and
well-fed Indian children upto 14 years of age in case of
boys and 12 years in case of girls were found to Dbe
growing similar to western children. This suggests that
up to this age, the genetic role is minimum  but
environmental influences like nutrition, health factors
like exposure to infection is mainly responsible for the
growth. However for growth during adolescence, moOre than
nutrition and environment genetic capacity appears to be
important (Gopalan and Meera Chatterjee). Because of this
genetic difference among Indian and western children the
final heights and weights of even in well-fed well-to-do
Indian children remain slightly less than those of western

children.

influences specially

Assessment of growth pasically involves two steps

1. Obtaining the necessary data on suitable

anthropometric measurements

2. Analysis of the data to understand and interpret the

growth phenomenon.
The first of these largely consists of taking the
appropriate measurement with due attention to techniques
and quality control.

The most commonly used Anthropometric measurements are:

1. Body mass - as judged by weight

- Height or length

2. Linear measurements
- Head/chest circunference
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3. Body composition and reserves of calories and protein
as Jjudged by special soft tlssues i.e. fat and
muscle :

AGE ASSESSMENT

Determining the correct age of a child is

extremely important in evaluating anthropometric data,
since reference standards for growth are broken down into
age categories by month. The age of a child should be

determined as the number of vyears/months of life
completed.

Birth date of young child can be estimated by

Birth records, or talking to the mother/local
dia/ANM; or by dai/ANM by using local events calender

»BODY WEIGHT

Measurement of total body mass undressed. The
body weight indicates the body mass and gives a rough
estimate of body volume.

Indication: * Sensitive indicator of current nutritional
status.

* Deficit in weight indicates short term
under nutrition which can be easily
reversed.

* PEM is best 1dent1f1ed by weight deficiency
in all groups. Weight measurement should be
combined with other appropriate measure-
ments and with clinical exam.

STATURE

Height: Distance from the crown of the head to the bottom
of the feet (heels) while the child is measured standing
(for children 2 years of age or older) is called height.

Length: Distance from the crown of the head to the bottom
of the feet (heels) while child is measured sufplne (for
children less than 2 years of age) is called.length.

Indication: * Gives a picture of past nutritional status
* Deficit 1in height indicates chronic and

prolonged under nutrition resulting often
in permanently stunted physical status.
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SOFT TISSUES

Muscle and fat constitute the soft tissues that
vary most with deficiency of protein and calories. Tissue
anthropometry can be carried out on both of these in the
assessment of the nutritional status of a community.

SUBCUTANEOUS FAT: Human subcutaneous fat can be carried
out by various methods. Only physical anthropometry using
skin fold calipers is practicable in field circumstances.

". MUSCLE

Poor - muscle development/muscle wasting are
cardinal features . of all forms of protein-energy

‘malnutrition, especially those of early childhood.

MID UPPER ARM CIRCUMFERENCE (MUAC)

The measurement of a child’s arm circumference at
the mid point between the tip of the shoulder and elbow.
This is usually employed as a screening device.

Indication: * 1Indicates poor muscle development and fat
component of body

* Muscle wasting which is extreme thinness,
reflects acute, current malnutrition.

* Indicates present under nutrition and over
nutrition and features of all forms of PEM
of early childhood used for screening
children into different groups of
malnutrition.

Because arm circumference changes only about 1

cm in children between the ages of 1-4, It has been used:

as ' an age independent measure in children of that age
range. :

HEAD CIRCUMFERENCE

The measurement of head circumference is related
mainly to brain size and to a small extent to the
thickness of the scalp tissues and the skull.

Indication: * Head circumference is a standard procedure
~ to detect pathological conditions accompa-
nied by a large head/one of increasing size
with hydrocephalus or too small a skull as
with microcephaly.

| O
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* TIntrauterine and childhood nutrition
(chronic undernutrition)

* Brain size and both the thickness of scalp
soft tissues and the skull can vary with
nutritional status.

* Head circumference is slightly affected in
the second year of life in PEM.

* Head circumference may also be used as a
rough additional guide in age assessment.

*  The chest/head circumference ratio is of
value in detecting PEM in early childhood.

CHEST CIRCUMFERENCE

The circumference of the head and chest are about
the same at six months of age. After this, the skull grows
slowly and the chest more rapidly.

A chest/head circumference ratio less than one
may be due to failure to develop or to wasting of the
muscle and fat of the chest wall, and can be used as
community indicator of protein energy malnutrition of
early childhood. o

INTERPRETATION OF ANTHROPOMETRIC DATA

. Analysis of anthropometric data collected is very
important for proper interpretation.

Growth standards/norms
The growth standards/norms are mainly used
* To detect whether the child is normal or abnormal
* To compare measurements made in different places/
different times by relating them to a single
reference population.

Criteria followed for development of a standard

1. Measurement should be related to a well nourished
population.

2. Sample should include atleast 200 individuals in each
age and sex group.

3. The -sample should be cross sectional since the
comparisons made will be of cross sectional nature.




4. Sampling procedures should be well defined and
reproduceble.

5. Measurements should be carefully made and recorded by

- trained people in anthropometric techniques, using

equipment of well tested, designed and caliberated at
frequent intervals. '

TYPES OF STANDARDS AVAILABLE

1. Local standards developed by ICMR

2. International standards

1. Harvard standards: Based on well nourished children
in Boston in 1930’s (Stuart et

al., 1959).
2. Standards used in: Based on homogenous group of
Road~-to~health British children (Janner et al.,
card . 19858).

3. NCHS (U.S.Natio~: Based on economically and ethni-
nal Centre for cally heterogenous U.S. child
Health Sciences) population (WHO, 1978).

Inspite of heterogenous population used to derive NCHS
data compared to homogenity of Boston and British groups
NCHS are lowered only minimally.

Local/International - Which one to use{

Some argue that local standards should be used to
be more realistic about growth achievement of <child
population (Goldstein and Tanner, 1980; Seth et al.,
1979). o .

According to Gopalan (1985) "if our objective 1is
to assess true magnitude of growth retardation and under
nutrition in a country/community, purpose will be defeated
by adopting lower standards which does not reflect full
genetic potential for growth and development of children
in the country"

Now that there is good evidence from studies from
different parts of the world that ethinic differences in
growth are minimal the case for the use of a common
international reference standard appears to be strong
(Habicht et al., 1994).
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Limitations in use of local standards

Further more local standards is complicated by
the fact that: : :

- Improvement in nutrltlon in a country changes the

standard itself.
- Time consuming
- Expensive
- Difficult to derive.

The U.S. and U. K standards were derived from
data in population which were no longer subject to drastic
change and so most countries continued to wuse these
international reference standards. WHO recommends NCHS
standards for use by all the countries (WHOQ, 1978).

Presentation of growth data

Standards of growth in use employ either the
percentile divisien/the standard deviation.

Percentiles

Refers to the value of measurement of that
particular number in a’series of hundred, when they are
arranged in an ascending order.

50th percentile =~ (Median) refers to the 50th
value in a series of 100. '

3rd perﬁontllo indicates that 3% of children are
below the value and 97% are above that value.

Common percentiles are 3, 5, 10, 25, 50, 75, 90,
95 and 97th.
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Standard deviation
The relationship of percentiles to 35D in a
normally distributed characteristic.
5o/
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3rd and 97th percentiles include 94% of the population and
e

ceoincide with values #2 SD from the mean.

cut offs to

=

]

na

n

Conventionally +&-2 SD units 2are tak
determine retardation in growth.

Percentage deviation from the median of standard

: To classify children into Nutrition grades or
grades of deficit (mild, moderate, severe) by establishing
arbitrary cut-off points.

Eg. Gomez classification.

‘When distributions are highly skewed, the values
should be expressed as multiples of the SD of reference
population rather than as per cent of the median.

Velocity of growth:

Velocity 1is the rate of growth per unit time,
usually one year and is referred to as annual increment.

‘ It is the difference in the measurements obtained
at initial point of time (T,) and at the end of one year
(Ty), in a longitudinal study.

Distance chart are prepared using .data collected in cross
sectional studies.

children belonging to different ages are measured
at one point of time. Means for different ages are plotted
on a graph and are joined by a smoothened curve.
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Anthropometric indicators/indices of nutritional status

. One of the physiological parameters in children
which shows tangible alterations during under-nutrition
is growth. Growth retardation is therefore being
extensively used to assess extent of malnutrition. The
common indicators used are based on weight, height,
weight/height and mid arm circumference. '

Birth weight: Birth weight is considered to be an

index of not only child’s nutritional status but also of
motpers nutritional status. Birth weight of less than 25
kg is considered as low birth weight (LBW).

. Weigpt for age: The popularly used classification
using weight for age for determining the nutritional
grades is Gomegz classification. This classification is

~based on percentage deviation from the median of the
reference standard.

Using Gomez classification, one can distingu@sh
grades of deficit (mild, moderate, severe) by establishing
arbitary cut off points.

Cut off is a value that marks the boundry of
acceptability for individual on an item of data

Gomez classification

Normal > 90% standard weight for age

Grade I : 75-89% standard weight for age
(mild)
Grade II : 60-74% standard weight for age

(moderate)

Grade III: < 60% standard weight for age
(severe) :

Indian academy of pediatrics has suggested a
modification of cut off points used for Gomez
classification as shown below:

‘Normal : 2 80% standard weight for age

Grade I : 80~70% - standard weight for age
Grade II : 70-60% - standard weight for age
Grade III: 60-50% - standard weight for age
Grade IV : < 50% - standard weight for age

The above classification is being used by .CDS
for the growth charts.

Jalliffe classification

Normal : 110-90% ~ standard weight for age
Grade I : 90-81% - standard weight for age
Grade II : 80-61% - standard weight for age

Grade III: < 60% - standard weight for age
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Well come classification

Using the parameter wt/age and also observing the
Presence/absence of ocedema in preschool children Wellcome
classified the children as shown below:

Oedema
% Wt for age = 00000 e
' Present Absent
80~60% ' ' Kwashiorkar Under weight
< 60% . Marasmic ' Marasmus
Kwashiorkar

Height for agé classification

Giant ¢ >105% - standard height for age

Normal i 93-105% - standard height for age

Short .t 80-93% - standard height for age

Dwarf ! < 80% - standard height for age

Waterlow’s classification

Waterlow classified children into different
grades of nutrition as normal, stunted, wasted and stunted
and wasted using Ht-for-age as well as Wt-for-Ht
parameters. The cut off point used for Ht-for-age is 90%
of standard i.e., a child with >90% of standard ht-for-age
is considered as normal:; and <90% standard Ht-for-age 1is
considered as low.

Similarly for Wt-for-Ht cutoff point used is 80%
of standard. The Waterlow’s classification is shown below:

Ht-for-age Wt-for-Ht Nutrition grade
Low Low  Current long duration mal
nutrition
Low Normal Long duration malnutrition
Normal Low Short duration malnutrition
Normal Normal Normal

© 0 0S8 'C9 8¢ S EEWES°6W 6s WS
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Assessing the nutritional status of ' children using Ht-
for-age and weight-for-height, wt-for-age parameters

Relation between the classilicalions “low"
: fo_r.lhe indicators weight lor height, height lor
with cut-ofls at 2 standard devialions above and below the median®

L2

. “normal” and “high”
age and weight for age

Weight for height

WHo A2161

M +2
Height for age
“Calcuiated lrom the data tor 10-monthi-old bovs in the relerence population

DATA ANALYSIS AND INTERPRETATION

Combinations of indicators

=

Weight for age

S22

Interprelation of nutritional stalus

11, Normal wi/ht + low wi/age + low hi/age Normally led with past history ol malnulrilion
8. Normal wi/ht + normal wi/age + normal hi/age Normal
7. Normal wt/ht + Iﬁgh wl/age + high ht/age Tall. normally nourished
17. Low wi/ht + low wt/age + high ht/age Currenlly underfed ++
16. Low wi/lit + low wi/age + normal ht/age Currently underfed +
14, Low v-vl/ht + normal wi/age + high ht/age Currently underied
. 2. High wt/ht + high wt/age + low htrage Obese ++
1. High wt/ht + normal wi/age + low ht/age Currently overledb with past history of mainutrition
4,

High wit/ht + high wt/age + normal ht/age

Qverfed bul not necessarily obese

® 00




Wt/Ht ratios: are generally termed as body mass
(BMI) /obesity indices, as those ratios
correlated with Oobesity.

indices
are highly

Advantages of Wt/Ht ratios:

(1) It is an age independent parameter.

(2) Wt/Ht can be measured easily. Hence no need "for the

assessment of the age which is a difficult task in the
field. : '

(3) Is a quick method.

(4) More precise than skin fold thickness measurement.

' Hence widely. used as indirect measures of
obesity. '

There are two types of wt/ht ratios.

1. Relative Wt/Ht indice - expressed as Wt of g given

person as per cent of average Wt of persons of same
Ht.
2. Power type indices - ¢ relative to
' . some
function of Ht. power

or

Ht relative to Some power function of Wt.

Power type indices for Wt/Ht ratios

Wt in grams
1. Wt/Ht ratio S e
Ht? (cm)
Wt
2. Quetelet’g index = ________
| (ht)?
Wt
3. Ponderal index = e
Wt
Wt
4. Benn’s index = e
(ht)P

5. Wt/Ht2 x 100

< 0.15 indicates PEM

6. Brokas index - Ht in cm - 100 = ideal wt in kg
Eg. 152 cm - 100 - 52 kg

7. WE/Ht % Classification - < 80 under nutrition
(% of standard) 80-120 norms
120-130 over nutrition
> 130 obese :

j2
23
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Devices to assess nutritional status

Growth charts; BLLAbﬁg Cimwik—

Growth table

Graphs for  wt-for-ht and Ht-for-age b
- ased on
Waterlow’s classification J

Programmable calculator

Slide rule

Thinnes chart

QUAC stick

Multicoloured Mid upper arm circumference tapes
Foot’klre NE gy €

Wasting stunting classifying scale are the few

devices developed for rapid assessment of
nutritional status of young children.

. ] ) . s "
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Nutritional Anthropometry - Techniques of measurements

O VEvEU Ry

K.Mallikharjuna Rao

Anthropometry is one of the methods used in nutritional

U0 U

assessment. Nutritional Anthropometry can be defined as
“measurements of the variation of the physical dimensions and the

gross composition of the human body at different age levels and

degrees of Nutrition".'

Growth retardation may be first response of the body towards
nutritional deficiencies while appearance of clinical signé may

be the final stage. From the public health point of view,

(@)

identification of sub-clinical forms of'ma1nutrition is very
important for planning programmes of nutrition intervention so as
to prevent such milder cases going fnto severe forms with
consequent risk of high mortality. Use of anthropometric
measurements depends on two factors (T) accurate age assessment

(2) appropriate normal values for comparison.

"AGE ASSESSMENT

VUV uUD JuoSuvYy

Accurate age assessment 1in rural areas of India is often

difficult since the parents do not keep any documentary evidence

UV Uy

of birth. Howevér, since the rural folk are used to the festivals

and other local events related mainly to agriculture, age

RUNVN

assessment can be done accurately using calender based on local

U

events. The calendar contains the dates on which the various
festivals and other events occured for the previous 5-6 years.*By
finding out the festival during which the child was born and the

number of such festivals that occured after the child’'s birth and

ey
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standards

referring to the calender approximate date of b1rth of a child.

can be assessed This, however, is best suited for preschool

ch11dren.
Anthropometr%c Standards

Use of body measurements like, weight, height etc. is

meaningfuil only if the actuaj measurements obtained on an

individual are compared with known normal values. These normal

values are referred to as growth standards or norms and are

obtained by surveying a large number of well-fed, healthy

children who are medically and socia11y well pretected.

Generally, it is now accepted that the growth potential of well-

fed children 1in all thé countries is similar and comparable

except in specific communities like pygmies etc. Studies carried

out in India have clearily established that atleast untij

ado]e]scence the growth pattern of well-to-do Indian children is

comparable to that of American children.?

Though the ultimate aim of nutritionist should be to prepare

and use Jlocal standards for different ethnic groups with

potentially different patterns of

growth, difficulties in

Preparing local standards are great. Large number of careful

measurements have to be made on healthy, well-fed sections of the

community whose ages are known and on whom there are no

constraints of health or nutrition.

It is often necessary, because of absence of local

to use a possibly gen°t1ca]1y less appropriate but

-

wwde?y available general and more often International standards,

S— R T 23 S DS g Lot S

4

nnn

NN N



3
o

2%

ee

bl b AL ]

The observatidn that well nerished children in developing

countries grows in much the same way as their counterparts in the

developed world has lent support to the Use of a single

international standard fcr all (Graitcher, 1981).3 The NCHS

reference data are now recommended for uyse by the WHO.4

The methods and .the measurements employed in anthropometry

can vary greatly in number and comp]exity. Obviously, those

chosen wili

¢

depend on the FUrpose and objectives of the

ﬁ,
)

e,

particular Survey or study. The most commonly used body

H

measurements are height, weight, mid upper arm circumference, fat

fold at triceps, head circumference and chest circumference.

Measurement of Height

Height is measured using an anthropometric rod. This is

usually made up of 4 pieces of metal tube of 2

¢ v e d ¥ %

Jot

meters length,

3
22

which can be dismantled or reassembled. The calibrations are made

in centimeters (0 to 20 0 cm) starting from lower end of the rod.

Each centimetre is divided into 10 mm.

¢vee

There is an assembly which can be moved along the rod. This

B

J o«

¢

has a window. There is provision to fix a blade on to the moving

&
{

¢ ¥ 0% e

part, at right angles to the rod. The upper edge of the window in

this assembly corresponds to the lower edge of the blade fixed to

i
it. Hence, while taking the height of an .individual, the reading

should be recorded as seen at the upper edge of the window.

Ask the subject to stand erect on 3 flat surface (foot wear

&

2!

should be removed) with feet together and hands hung close to

sides of the body. The

investigator should stand Jeft side of the

o

g,

e .
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‘available.

child. The rod held in the right hand, .should be kept at the back

of the subject, such that it touches the heels, buttécks, and

back of -the head. The'chin of the subject should be held by left

hand and occipital pfominence by right hand. The head should be

positioned such that an 1mag1nary line drawn from tragus of the

ear to the 1infra orbital margin (1ower border of the eye) is

parallel to ground. It is known as Franfurt Hortizontal plane. By

holding the head in this position, a gentle pull is applied,

taking care that the subject does not 1ift h1s heels. Then the

moving part of the rod has to be bought down so as to touch the

head, taking care that the blade of the rod is in the sagital

plane of the body. This movement is repeated thrice and the

consistant reading is recorded.

For measuring length of children who cannot stand, wooden or

metal "infantometer" should be used.
Weight
Weight is the anthropometric measurement most in use. It is

measured with either beam balance or lever actuated platform

scales. Salter Spring balances are also being extensively used

(eg. ICDS). Of late, digita? weighing scales are being used for

measuring Qeights Beam ba]ance and salter weighing scale to

weigh only preschoo] children with an accuracy of 50 to 100 g are

Lever actuated balances can provide an accuracy of 20
to 100 g. As in the case of any instrument, there is a need to
adjust the ‘zero error’ and check for accuracy with known

standard weights before each session of measurements. As far as

possible it is advisable to desist from using the bath room
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weighiné scles which are known for inaccuracy. It is to be kept

in mind to allow minimum clothing on the subject before weighing.

Body weight reflects the current nutritional status. It
varies greatly with conditions 1like heavy intake of food just
before weighing or intake of fluids, episode of diarrhoea,
defecation etc. Hence, it is advisable to record body weights at

fixed hours especially for followup examinations.

Mid Upper arm circumference

It is measured with fibre glass tapq-at the mid point of
left upper arm. The mid point 1is marked on the triceps between
acromion of the shog]der girdie and olecranon process of ulna
when elbow is extended and arm is lying loose by the side of the
body. Care should be taken to see that the tape runs firmly
arcund the arm, not too loose or not too tight._The tape should
not be eliptical but kept horizontal. The reaaing on the tape

corresponding to’0’' mark is the arm circumference.

Fat Fold at triceps

The measurement of fat fold thickness provides the values

indicating fat or adipose tissue which is a measure of energy -

deposit:or reserve energy. This measurement 1is obtained at the
mid poiét of the left upper arm where arm circumference is
measured. The skin fold is pickedup 1 cm above the mid point and
the caliper should be applied at the mid point, with the arm

hénging in a relaxed position.




: ‘.
The fat fold calpers designed to exert uniform pressure of
Y :
10 g/sq.wT at the time of measurement. Various makes of calipers

are avai1éb1e which measure the fat fold in millimeters with an

accuracy of 1 mm.

Head and chest circumference

These measurements are usually included only for preschool
children. At the time of birth, head circumference (HC) is
greater than cﬁest pircumference (cC). By the age of 6 months,
usually the chest circumfernce over take the head circumference.
In undernourished, this process of overtaking gets delayed to as
long as 1.5 to 2 years. Hence these measurements are useful to

know the nutritional statué of young children.

For the head circumference, the maximum circumference
including the occiput, glabella, parietal region just above the

ears 1s measured. .

For the chest circumference, the tape should pass around the
chest over both the hipp]es in front and just below the shoulder
blades at the back. Care is taken to see that there 1is no

clothing or any other material between the tape and the body.

Need for- Standardization

The fechniques employed, must be carefully carried out,
standardized and thoroughly understood by all team members and
giVén adequate preliminary practical testing to ensure uniformity
of results. Particular accuracy of both techniques and equipmént

is important in growth studies.
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Variation in measurements occuring between two consecutive

. measurements obtained on a subject by an investigator is termed

as intra-individua?l variation.

On training it 1is expected that

two consecutive measurements on the same subject, under similar

conditions when done by an investigator should be similar or

within the permissibile limits of error. The inter-individual

variation denotes the error in measurements when different

investigators measure different reading on the same subject for a

Mmeasurement. For uniformity of reporting when more than one

investigator is collecting data and for the purpose of comparison

of various sets of data it is expected that all the investigators

will employ same methodology and report values within permissibie

limits of error when they undertake the exercise of measurement.

Hence, standardization is mandatory before Commissioning of any

evaluation survey. The 'measurements of a senior person who

:

is
already standardized is considered as a reference for the purpose

of comparison.
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AﬁTHROPOMETRY FOR THE ASSESSMENT OF THE NUTRITIONAL STATUS 053‘
ADULTS AND PREGNANT AND LACTATING WOMEN
K.Visweswara Rao
National Institute of Nutrition, ICMR, Hyderabad-500007
Pregnant and lactatihg women are the most important
segment of the population. The health and nutritiOnél status of
the children and adolescents are dependent on £hem. Adults are

the major working group of the population. Work efficiency and

health of adults are well associated with nutrient adequacies in

the dietaries and maintenance of body composition.
Anthropometry has been -found as a good measure of the
nutritional status. The variations in height and Dbody

composition of adults are found due to variations in their

nutritional status during childhood and their maternal health

and nutritional status. Body composition of women is found
varied with the age, duration of lactation and trimesters of

pregnancy . It has been shown that healthy children are with

healthy mothers.

Anthropometric measurements and indices are useful for

assessing the present and the past nutritional status of the
population. Many anthropométric measurements we have, of which
basic are height and weight. Anthropometric indices are the
combinations cf measurements.

Of the many indices, Weight/Height2 (or BMI), Weight for
height (%) and Broka's index are suitable for the nutritional
status of adults. In the nutrition field, low height and low
weight or index relative to reference data have been used as
indicators of undernutrition for individuals and groups.
similarly elevated body weight for given height and thickness of

subcutaneous fat have become common indicators of overnutrition
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Oor obesity.

The major components of body weight are water, protein and
minerals. Their composition vary by forms of undernutrition and
bvernutrition, by‘agé and sex and by types of life styles and
exposure to infections.

Anthropometric indices change rapidly during pfegnancy.
Gain in weight during pregnancy, gestational age, rate of weight
gain, height ana prepregnancy BMI (or Weight . fbr height or
Broka's index) are the good indicators of nutrition in pregnant
women. Prepregnancy weight or BMi or Broka's index is an
indiicator of maternal weight gain and a predictor of fetal
growth. These are found helpful for studying the

interrelationship between nutrition and reproduction. Total

weight gain during pregnancy reflects both fetal weight and
maternal tissue gain.

The nutritional status of lactating women depends on
their past nutritional status, weight gain in pregnancy,
immediate postpartum weight 1loss, duration and intensity ofA
lactation,_dietary intake and bhysical activity; Weight 1loss
during lactation stabilises during 4-6 months of lactation.
This depends on weight gain during pregnancy, eneryy intake and
pattern of breast feeding. 1In well nourished lactating women,
changes in weight are generally minér and gradual. Weight
losses are highest in the first three months of lactation aﬁd
are - greater in women who breast fed exclusively. Among

undernourished women gestational weight gain and postpartum
weight loss are lower than in well nourished women.
Milk composition of women in developing countries vary a

lot and lower nutrient levels have usually been found in
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undernourished women. Total energy cost of producing milk is
estimated to be 2930 KJ/day during the first six months of
lactation and 2090 KJ/day during the next 18 months of

lactation. Nutritional status and lactation performance are

closely associated. BMI/Broka's index/Weight for height decline

8\

steadily throughout the first six months of lactation. The

cut-off for BMI of 2.0 at one month of lactation and 1.85 during
2-6 months of lactation are found good as a cut-off for
identification of women at risk.

Women with height below 150cm are found to have high risk
of pregnancy wastage and low birth weight babies;

In all adults, the Broka's index and BMI are found useful
for the assessment of the forms of malnutrition. Prevalence
rates of overweight and coranary heart disease are positively
associated. A ten percent reduction in weight is associated
with a twenty percent reduction in the risk of coranary heart.

A high abdominal adiposity is associated with stroke and

abdominal cancer. Overweight is also closely associated with

‘high prevalence of hypertension, gall bladder disease,

noh¥insulin dependent diabetes, development of gallstones,

osteoarthritis and post-minopausal breast cancer. Accildent

pronness and prevalence of infertility are frequently observed

with overweight and obesity. iortality rates are higher in both
undernourished and overweight groups. Anthropometric indices
are useful for (i) improving the nutritional status, (ii) for

providing nutritional intervention for the pregnant and
lactating | women  and ,(iii)‘ to minimise mortality and
complications during pregnancy.

Classifications of malnutrition generated and.found useful

with anthropometry will be presented and discussed.




AN &

‘Ah_h
SRR

s

g
R

IR,

(e

2

Gy

HegE

TR o NALTSN
% kg 2 3 e

2%

R

W

e

¥

L oEN
e P

PLTBLRY

LR, 3T

%

References

1.

Visweswara Rao, K., Balakrishna, N., Thimmayamma, BVS. and
Rau, P. (1990) Indices and critical limits of
malnutrition for use among adults. Man in India 70(4):
351-367. |

Visweswara Rao, K., Balakrishna, N. and Shatrugna, V.
(1993) Differentials of malnutrition in well to do adults

and the associated factors. Indian J. Nutr. & Dietet. 30:
573. |

Visweswara Rao, K. (1987) Vital statistics and
nutritional status of Indians. 1Indian J. Nutr. & Dietet.
24: 272-297.

Visweswara Rao, K. (1995) Anthropometry for the
assessment of various forms of malnutrition: Available

approaches and their relative merits. Man in 1India

75(2): 195-207.

WHO expert committee report (1995) Physical status : The
use and interpretation of anthropometry. Technical report

series No.854.

T E

HeLe/le 9] e/le

()
133 A
5]

A

L

)

oL
[z ER

M

*

(@)

ES

{

.
\

{
i

)
& 4
B

N (
@

£

e,

{
&
[2¢]

.

0
4
(2

9.0

).
o

086

R )t

) {
(i3]




5

‘f,‘b .

3
J

® @ @ ® & O

N AP AP SY VRV EVEVEV YRV EVEV YN RY ““j,“.’ iJ’V(ng(‘Jg' LF 1 :fT o ll~f g
o0 000 00 0o e’'ee ,

Body Mass Index (BMI) and if“fhpplication to
evaluate nutritional status
- Dr. Uma Reddy

Body mass index is express as

- This is a better index to measure the ideal body weight, as it is independent of

age and sex in adulthood.,

Interpretation suggested

<18.5 under weight
BMI - normal

20-25 - above normal
25-30 - over weight

>30 - Obesity
Relationship between BMI and Nutritional Status

Body mass index and energy requirement

Two significant developments over the last decade have influenced an
understanding of energy requirements of humans and their implications in arriving
at the number of individuals in population groups. The first recommendation is the
FAO/WHO/UNU Expert Consultation on Energy and Protein requirements (1985)
based on as energy expenditure and b) use of basal metabolic rate factorial approach

for the assessment of total energy expenditure of individuals. The second advance,

‘more recently made is one based on anthropometric measure more specifically the

use of body mass index could be a simple, relisable and easily obtainable objective

criterian for both the definition and as an estimate of under nutrition of chronic

“energy deficiency (CED) in adults (James et al 1988). (Shetty et al. 1994)
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Body mass index - a measure the nutritional status

One of the recent methods suggested for assessing the chronic energy
deficiency (CED) state of individuals is based on BMI. This method is relatively
simple, easy to measure and does not suffer from estimation errors encountered in

energy intake methods and energy expenditure methods ( James et al 1988)

Naidu and Rao (1994) have analysed the relationship of anthropometric data
(BMI) of NNMB with nutritional status of India population. Results of the study
indicated the following, A

Anthropometry & BMI Relationship

Though the men were taller and heavier than their women Counterparts, there

was no significant differences in the average BMI values of men of women. Since
there was no significant gender differences, a common BMI criterion of classification

can be done for studying the relationship with other parameters.

Relationship of'anthroprmetric data & BMI

Sex n Hi(cm) SD Wi(kg) SD BMI
‘M 9447 162.6 6.79 502 7.95 18.9
F 11914 150.4 595 431 741 19.0

Adult BMI and Child nuﬁ‘ition

-Households with lower BMI value had lower proportion of under nounshed
children.. The households' with BM] had 85% of the children under nowrished,
where as households with BMI values 18.5 had 62% of malnourished children. This

established that adult BMI and Children’s nutritional status the associated ( X2 P)

BMI and Socio - Economic status

The relationships between BMI and Socio-economic variable, showed that

the land less labourers with Jowest monthly income had lower values of BM} with
those who had better occupation and higher income.
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Kennedy and Garcia (1994) assessed linkages below body mass index and
morbidity in adults based on evidences from four developing countries. This study
showed a small but statistically. significant effect of low BMI on proneness for

morbidity in Pakistan and Kenya but not in Philippines and Ghana.

BMI and Mortality

Relation between BMI and mortality based on the NNMB data (NIN Report
1989-90) are dipicted in the following graph. It clearly shows that mor‘fality steadily
increased from 12/1000 population with normal BMI class with BMI 18.5 to 33/100
population in grade III CED.
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The BMI index proved to be useful in ascertaining the change in nutritional
status over a period of time. An absence of dietary survey results, adult BMI can
be reasonably good substitute not only for assessing energy status of the house
hold but also for evaluating the nutriture of the pre-school child in that family adult
BMI was also found to be useful index for assessing socio-economic level of
households interms of occupation and income status. This because adult BMI is

closly associated with weight which is responsive variable to energy balance.

Maternal body mass index and pregnancy outcome .

Alter et al (1994) have studied relationship between BMI pregnancy outcome

in 4 countries in 9 nutrition Collaborative Research Support Programme. This study

“indicated that the weight gain during pregnancy was high in women who had low
BMI, and these who have high- BMI (pre-pregnancy) gain
pregnancy.

less weight during

rb




BMI and Childhood malnutrition

The relationship between BMI and Childhood malnutrition was studied based
on the results of a longitudinal study of 23 years conducted at NIN. Results of the
study is shown in the following graph. The incidence of m

alnutrition among low
BMI group compared to normal BMI group. '

g
.

C Unaernourished airls

® Normal qirls

6 Ungernounshed boys

Pricant

. Nérmal boys
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¢ normal-

Figo do BMEdistnnunons of adults wno wers metounshed ae Sacerae

S chihbien compared stk adults whe wer
weight children.

BMI distribution of adults who were malnourished as § year old children compared

to adults who were normal weight children.

Analysis of the data indicated that a lower BM] at Conception predicts higher

weight gain during pregnancy, as well as more fat gain on the extremites and trunk.

In contrast, fatter women actually lost fat from the triceps site throughout pregnancy.

It is well established that women with higher BMI gave birth to heavier

infants. The correlation between maternal BMI in the first trimester and birth weight

was 0.29 P) in Mexico and 0.59 (P) in Kenya. Alt

the low birth weight infants

in kenya were born to women with a BM] 22).
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BMI and Energy Consumption

Analysis of energy intake data and the BMI of adults showed a consistant
relationship. Higher energy intakes were seen in households with the better BMI

status.

Another study conducted by de vasconcellos (1974) in Brazil also showed
that the probability of a thin person being in a family of low energy adequacy in
grater than being in a family of high energy adequacy. A good correspondence
between energy intake and BMI was observed. BMI values correlated well with

energy intake, income, expenditure on food and occupation. -

Adult BMJ and Morbidity

Same study conducted in Brazil indicated that cigarette smokers had a higher
probability of being thinner than non smokers. They also found correlation benween
BMI and the number of days spent in bed due to various illnesses. The graph
shown below indicate that thin as well as obese people have a greater probability

of being in bed than normal individuals.
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Women with a lower BMI at Conception gain more weight and fat in
pregnancy and last more weight and fat during location. In contrast, fatter women
lose fat in pregnancy and regain it in lactation. These things tend to have implications

to interpret energy adequacy ‘to assess the energy adequacy.

BMI and Lacation performance

Lactation imposes a significant additional energy stress on women. Prentice
et al (1994) analysed world literature to test the relation between BMI and lactation
performance. They have reported that human lactation performance is extremely

robust and that BMI does not provide a useful indicator of function.
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METHODS OF ASSESSING BODY COMPOSITION

Dr.G.Sarojini, Scientist-1, AICRRP-FN
P.G. & R.C., A.P.A.U., Hyderabad

Methods for measuring specific components of body

‘compostion are necessary to assess the effects of

nutritional deprivation and intervention on body compo-
sition. Such information is essential  for establishing

the appropriate prognosis and treatment of hospital-

patients. The methods currently use a two- or four-
compartment model for body composition. The two-

compartment model assumes that the total body mass 1is
composed of two major chemical compartments: Dbody fat and
the fat-free mass, whereas the four-compartment model
divides the body into four chemical groups: water,
protein, minerals, and fat, all of which can now be

~determined in vivo.

The amount of body fat is highly variable and the
fat-free mass consists of three components: total body
protein, total body water, and bone minerals. The density
of the fat-free mass depends on the proportions in which
these three components occur. 1In healthy persons, the

fat-free mass has a relartively constant composition, with
-a water content of 72% to 74%, a potassium contnet of

about 60 to 70 mmol/kg in men and 50 to 60 mmol/kg in
women, and a protein content of about 20% (Garrow, 1982).
By measuring total body water, total body potassium, total
body nitrogen, or body density, the proportion of the body
composed of fat and the proportion composed of fat-free
mass can be estimated.

Selection of a method to measure body composition
depends on its precision and accuracy, the objective of
the study, cost, convenience to the subject, equipment and
technical expertise required, and the health of the

~subject (Lukaski, 1987). In normal healthy individuals,
all the body components except fat occur in relatively

fixed proportions. In malnourished individuals and
subjects with metabolic disturbances, the relative
proportions of the body components may be altered. For

instance, losses of protein and fat may occur, often in
association with the rapid accumulation of water. Changes
such as these invalidate the determination of fat and the
fat-free mass in the two-compartment model. Therefore, in

such circumstances, the four-compartment model must be
used.

It 1is not possible to validate measurements of
body composition with an absolute standard based on
results of direct chemical analysis on the same subject.
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Instead, relative validity is estimated by comparing
results with those obtained on the same subject using
alternative, indirect methods. The following sections
describe the individual procedures used to assess body
composition and the assumptions of these methods.

Chemical analysis of cadavers

Studies of body composition by direct chemical
analysis of human cadavers are limited. Most© of the
cadavers were analyzed between 1945 and 1968 and were
adults - of varying ages who had died as a result of
illness; hence the values obtained may not be representa-
tive of an average healthy adult. The fat-free tissues of
the cadavers were of a relatively constant composition,
containing about 72% ‘water, about 20% protein, and about
69 mmol/kg potassium. In contrast, the amount of fat was

.very variable, ranging from 4.3% to 27.9% of body weight

in the six cadavers.
Total body potassium using 49K

Potassium occurs almost exclusively as an
intracellular cation, primarily in the muscle and viscera.
Negligible amounts occur in extracellular fluid, bone, .or
other noncellular sites. Measurement of total body
potassium is therefore used as an index of the fat-free
mass in healthy subject, on the assumption that the fat-
free mass has a conﬁtant amount of potassium. ‘

A constant fraction 30.012%) of potassium exists
in the body as the isotope 40K (half-life = 1.3 x 109
years). The latter emits a high-energy gamma ray of 1.46
MeV, allowing the amount of potassium in the body to be
measured. Once total body potassium has been determined
from the 40x measurements, the fat-free mass. Thus the
determination of  the fat-free mass and hence the total

body fat and percentage body fat from total body potassium
involves:

* Measurement of 40K radiation from the subject
using a whole body counter;

* Calculation of total body potassium (g) from 40x

' data;

* Conversion of t otal body potassium (g) to mmol
potassium: '

Total body potassium (g)

Atomic weight of potassium (39.098)
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* Calculation of the fat-free mass (kg) from total

body potassium assuming that the  average
potassium content of the fat-free mass = 69.4
mmol/kg (or an alternative factor);

* Calculation of total body fat (kg);

Total body fat(kg) = Body weight (kg) - fat-free
: mass (kg)

* Calculation of percentage body fat.

Total body fat (kg) x 100

Body weight (kg)

The 1.46 MeV gamma ray of 40K is counted with a
whole body gamma spectrometer using either liquid/plastic
scintillation counters or sodium iodide detectors. The
latter are preferred because they have a good energy
resolution and a low background rate. The isotope occurs
in low concentrations so that the background counts from
external radiation (cosmic rays and local sources of
ionizing radiation) are usually large relative to the 40x
counts. Hence the whole body 'counter must be shielded
from the background radiation with 1lead or steel
shielding. The long counting times, necessary because of

the 1low 40x counts, may be a problem for ill patients. -

Calibration of the whole body counter is a major
difficulty with this method because the 40K count detected

by the whole body counter is a function of both total body

potassium and the geometric configuration of the subject.
As a result, the whole body counter must be calibrated to
allow for differences in the body build of the subjects
being measured.

Once the fat-free mass is determined, total body
fat can be derived indirectly, as the difference between
body weight and the fat-free mass. This indirect approach
should not be used to derive total body fat for patients
with a wasting disease such as cancer (Cohn et al.,
198la), because total body potassium measurements are low
in these patients as a result of loss of muscle mass.
Hence, total body fat derived indirectly as the
difference between body weight and fat-free mass will
always be overestimated in these patients.
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L : ‘  Total body water using isotope dilution technique

o ' Body fat contains no water. 1Instead, all the
: body water 1is present in the fat-free mass, which is

assumed to contain 73.2% water on average. Hence, by
measuring total body water (TBW), the fat-free mass can be
estimated:

Total body fét (kg) x 100
Fat-free mass (Kg) =  =-=——m——comemmmm

Body weight (kg)

S

Total body water can be measured in both healthy
and diseased _persons using an_isotope dilution technique.
Deurterium (2H) and tritium (3H) and the stable isotope of
oxygen (180) can be used. Standardized conditions are
necessary to measure total body water because fluid and/or
food intake and exercise can all affect total body water.
As a result, the measurements should be taken in the
morning, after an overnight fast, with restriction of
fluid 1intake, and after the bladder has been emptied. A
tracer dose of sterile water labelled with an accurately
Hl1e. weighed amount of 2H, 3H, or 180 is administered either
S . orally or intravenously to the subject and allowed to
A equilibrate. No food or water is permitted during
iy equilibration, which may take two to six hours, depending
3 on the isotope wused, the sample form, and the health
i condition of the patient. Longer equilibration periods
i1 | are necessary if urine samples are used, and for obese
wh patients, or for those with edema, ascites, and shock. At
the end of the equilibration period, a sample of serunm,
saliva, or urine is collected and total body water is
calculated from the dilution observed. Saliva samples are
preferable in field studies. Alternatively, if 180 is
used, breath samples can be collected and carbon dioxide
analyzed for 180. Table 14.2 demonstrates the relatively
small variations in total body water when calculated from @
isotopic enrichments of different physiological fluids and '
at different times postdose (Schoeller et al., 1985). ®

fol The calculation of total body water is based on .‘

,;'; . the dilution principle (i.e., the extent to which the i

Loy isotopic dose is diluted by the total body fluid). .'
f .

Total body water = @ —-—-———-

where V; = volume of dose; C1 = concentration of
administered isotope; and C, = concentration of isotope o
in serum/urine/breath sample. In the case of serum and
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breath samples, a correction may be necessary for urinary
loss of the tracer.

Substances or tracers used to measure total body

water should:

* be present only in body water;

* equilibrate rapidly and thoroughly with the body
water; ’

* » not be metabolized or excreted;

* be nontoxic in the'émounts used; and

* not alter normal physiological processes or

homeostatic mechanisms (Pinson, 1952).

Selection of the isotopic tracer depends on
several factors. Tritium (3H) is easy to measure by
scintillation counting but involves radiation to the
subject, making the technique unsuitable for children and
women of childbearing age, or when repeated measurements
over a short time period are ngcessary. The nonradioac-
tive isotopes 2H and 180 must be measured by mass
spectrometry. Sample preparation for 2H is time consuming
and tedious because the water sample must be converted to
hydrogen gas. 1In constrast, 180 can be readily analyzed,
because the carbon dioxide expired by the subject is in
isotopic equilibrium with body water. Use of 2H and 38
produces an overestimate of total body water because the
hydrogen 1label exchanges with some nonwater hydrogen in
the body. The stable isotope of oxygen (180) appears to
be the 1isotope tracer of choice, but its use may be

limited by the high cost and need for a mass spectrometer
for the analysis.

The major 1limitations of the total body water
method for estimating fat-free mass are the assunmptions
that the fat-free mass of an adult contains a constant
percentage of water and that the total body water content
is independent of the fat content of the body. Chemical
analysis of human cadavers has shown that the actual total
body water content of the fat-free mass body compartment
can vary from 67% to 77%. None of these cadavers was of a
normal, healthy person, and the degree to which their
illnesses may have affected total body water is unknown.
Furthermore, the water content of the fat-free tissue has
been shown to be higher in obese and pregnant subjects.
Consequently , if the usual equation is applied in obese
and pregnant individuals, fat-free mass will be over-
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estimated, and body fat will be underestimated. In
pregnant women, for example, the estimate of fat mass may
be underestimated by as much as 1.0-2.0 kg (van Raaij et
al., 1988).. New equations have been developed for
estimating. body fat mass from total body water, which will
result - in more valid estimates of maternal body fat mass
during pregnancy. These equations are shown in Table
14.3. Likewise, for patients with wasting disease, the
hydration constant is also increased because of  loss of
body tissue and the accumulation of extracellular fluid,
so that estimate of fat will be too low. Hence,
measurement of total body water to estimate total body fat
indirectly is not an appropriate method for obese persons
and patients with wasting disease.
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Flg . 13 nvive prompt gamma neutron activation.
Total body nitrogen

Measurement of the nitrogen content of the body
gives a measure of total body protein because the mass of
nitrogen bears a fixed ratio to the mass of protein (1 g N
: 6.25 g protein). A total-body neutron activation system
has been developed to measure in vivo total body nitrogen.
This technique is based on the conversion of a proportion
of 14N to an excited state of 15N by bombarding the
patient in a supine position, with a low neutron flux
from 238puBe sources or from a cyclotron or neutron
generator. - The resultant excited 15N decays almost
immediately to its ground state, emitting gamma rays at
10.83 MeV which are counted by sodium iodide detectors in
a whole body .counter. The detected gamma ray counts are
then proportional to the absolute mass of total body
nitrogen.
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water. Residual air in the lungs can be measured
while the subject is in the tank or separately,
using nitrogen washout, helium dilution, or
oxXygen dilution. The residual air volume is then
subtracted from the body volume;

* the volume of the air trapped in the gastrointes-
tinal tract also contributes to the amount of
water displaced. This volume is never measured,
and is often taken as 100 mL. The intra-subject
variability in gastrointestinal gas volume,
however, can be quite large (0 to 500 nlL in
adults), reducing the precision of the method.

The underwater weighing method can give very
reproducible results for body density provided that the
examiners and the subjects aré well trained. The
underwater weighing method is not suitable for children

younger than eight years, the elderly, obese, or unhealthy
persons.

Total body fat is derived from percentage body
fat by multiplying body weight by percentage fat:

Body weight (kg) x % body fat
Total body fat (kg) = =-=-—mmecmmooloo_Z11

The fat-friee mass can then be calculated by
subtracting the total body fat from the body weight:

Fat-free mass (kg) = Body weight (kg) - total body fat
(kg)

Ultrasound or Ultra sonography

In the ultrasound technique, high-frequency sound
waves emitted from an ultrasound source/meter penetrate
the skin surface and pass through the adipose tissue until
they reach the muscle tissue, At the adipose-muscle
tissue interface, a proportion of the . sound waves are

reflected back as echoes that return to the ultrasound
meter.

~To use this technique, the measurement site is
marked with a water-soluble transmission gel which
provides acoustic contact without depression of the dermal
surface. The high-resolution ultrasound source/meter is
positioned so that the ultrasonic beam is perpendicular to
the tissue inter-faces at the marked site. A transducer
receives the echoes and translates them into depth
readings viewed on an oscilloscope screen. Subcutaneous
fat thicknesses of 100mm Or more can be measured and
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The accuracy of prompt gamma neutron activation
for measuring total body nitrogen has been validated by
comparing total body nitrogen in two human cadavers with
results obtained on the same cadavers by direct chemical

analysis of nitrogen. Close agreement between the two

techniques was found. This study also confirmed the use
of the ratio 6.25 for the relationship between total body
protein and total body nitrogen.

Determination of body density by underwater weighing

The most widely used method of directly measuring
whole body density is the determination of body volume
according to Archimedes’ principle, which allows the
volume of an object submerged in water to be calculated
from the apparent loss in weight. The percentage of body
fat can ‘then be calculated from the measured whole-body
density wusing one of the empirical equations describing
the relationship between fat content and body density.

To measure body density, the volume of the
subject is first determined. This is done by weighing the
subject first in air and then when completely submerged in
water in a large tank. The subject 1s instructed to
squeeze out any air bubbles trapped inside the bathing
suit, and to expel as much air as possible from the lungs
before immersion. The underwater weight is recorded at
the end of the forced expiration. Three readings are
usually taken and the heaviest recorded corresponding to
the most complete expiration. The body volume is then
calculated from the apparent loss of weight in water (i.e.
the difference between the weight of the person in air and
his/her corresponding weight in water). Once total body
mass and body volume have been determined, body density

can be readily calculated, on the basis that density is
mass_ per unit volume and the density of water is 1000

kg/m3 at 4°c. '

‘ Body weight in air (kg)
Body density = @ ==cemmmmmm e e e
Volume of water displaced at 4°C (1)
(= apparent loss in weight (kg)]

Three corrections must be applied:

* Underwater weighing is usually performed in water
at 30°C instead of 4°C. At this tenmperature, 1
m3 of water weighs 995.7 kg instead of 1000 kg,
and a water temperature correction factor must be
applied;

* air trapped in the lungs also contributes to the
amount of water displaced by the subject under
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density interfaces detected with an accuracy of 1 mm.
The tissue is not compressed, eliminating errors asso-
ciated with variations in compressibility of skinfolds.

The ultrasound technique can also be used to

measure the thickness of muscle tissue as well as
subcutaneous fat, enabling changes in body composition of
hospital patients receiving nutritional support to be
monitored.

Total body electrical ‘conductivity

The total body electrical conductivity (TOBEC)
method is based on the change in electrical conductivity
when the subject is placed in an electromagnetic field.
The technique depends upon the differences in electrical
conductivity and dielectric properties of the fat-free
mass and fat of thHe body. For example, the fat-free mass,
composed largely of electrolyte-containing water, ‘will
readily conduct an applied electric current, whereas fat
is a poor conductor.

5 MHz Solenoid Coil

! Subject

Impedance
Meter

TH . N .o
rlg°2-~ Measurement of body composition hy total body
electrical ¢onductivity. .

For the measurement, the subject lies supine on a
stretcher in a long uniform solenoid coil through which a
5 MHz current is passed for a few seconds (Figure 2).
This induces an electromagnetic field in the space
enclosed by the coil, which, in turn, induces a current in
the subject, the magnitude depending on the conductivity
of the subject. 'A secondary magnetic field is produced,
which 1is then méasured. A second measurement is taken
when the coil is empty; the difference represents the
measurement. '

The method is simple, safe, and fast and can be
used on individuals who cannot be weighed underwater. The
instrument, however, is expensive.

Bioelectrical impedance
The biocelectrical impedance (BEI) method also

depends upon the differences in electrical conductivity of
fat-free mass and fat. The technique measures the
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, impedance of a weak electrical current (800yA; 50 KHz)
L passed between the right ankle and the right wrist of an
= individual. The impedance is proportional to the length
¥ of the conductor--a distance which is usually a function
i ' of the height of the subject--and indirectly proportional
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3 to the cross-sectional area; equivalently, the impedance
g is proportional to the square of the length of the
g‘ conductor/subject, divided by its volume. '

é?f Subjects should avoid alcohol and °~ vigorous
g

]

exercise for twenty-four to forty-eight hours before
iy testing, so that body fluids are not perturbed prior to
the measurements. The measurements are taken on subjects
approximately two hours after eating, and within thirty
minutes of voiding. Subjects lie clothed, but without
shoes and socks, in the supine position on a -stretcher,
with limbs not touching the body. -Two current electrodes
are placed on the dorsal surfaces of the right hand and
foot, at the distal metacarpals and metatarsals respecti=-
vely. Two detector electrodes are placed at the right
pisiform prominence of the wrist and between the medial
and lateral malleoli at the right ankle. A thin layer of
electrode gel is applied to each electrode before it is
placed on the skin. The resistive component of body
impedance between the right wrist and right ankle is then
measured to the nearest ohm. The lowest resistance (R)
: value for an _individual is used to calculate the co
HE nductivity (ht2?/R), and hence to predict the fat-free
I mass. Biocelectrical impedance is safe and convenient, and
the equipment is portable and relatively inexpensive. In
over-hydration for example, resistance measurements will
, be higher, but lower in dehydration. Predictive equations-
. _ for assessing both total body water and total body fat
. from BEI have been developed, using total body water
measured by isotope dilution and total body fat by
underwater weighing as the reference methods.
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Computerized tomography
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Computerized tomography (CT) is based on the
; relationship between the degree of attenuation of an X-ray
; beam and the density of the tissues through which the beamn
| has passed. From this relationship, a two-dimensional
‘ radiographic image of the underlying anatomy of the scan
area can be constructed.
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The CT scanner is made up to two components: a
collimated X-ray source and detectors, and a computer
which processes the scan data and produces -an X-ray image.
The subject lies on a movable platform within the scanner
. . gantry. The designated area to be scanned is a plane
' ' through the middle of the central aperture of the gantry,
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Lungs and
othar argans

Fal and
Muscle

C.T. Number

Flgo 3 : Body composition from a computerized tomography
scan &t the thorax level, showing three images resulting from different
computer processing of the same scan. A: The air/skin interface. B:
major skeletal elements. C: Adjusted to show the interface between
the lungs and other argans and the surrounding muscle and fat. D:
Histogram of the pixel density from scan C.

and parallel to the gantry. The X-ray beam 1is rotated
around the subject, cutting a cross-sectional ‘slice’
through the patient. As the X-rays pass through the

tissue, the bean undergoes attenuation, the intensity of-

which is recorded and stored in the scanner computer.
The latter then processes the stored information by using
a series of complex algorithms to reconstruct cross-
sectional images (Fig.3). The images consist of a matrix
of picture elements, or pixels, each about 1 mm x 1 mm,
arranged in rows and columns. (The pixels vary in their
degree of shading according to the magnitude of the X-ray
beam attenuation, which in turn depends on the physical
density of the scanned tissues. Tissues with a greater
density cause a greater absorption of X-ray energy and
consequently a higher attenuation value. The demarcation
between tissues of differing density can be very good.
The degree of pixel shading is scaled as the CT number, a
measure of attenuation relative to that of water.
Examples of the CT numbers and densities (D) are: fat:
CT# = =70, D = 0.91 g/cc; muscle: CT# = 20, D = 1.05
g/cc; liver CT# = 25, D = 1.06 g/cc; and water: CT#¢ =
0, D=1.0 g/cc..

The cross-sectional area of each of the tissues
can be determined using specialized computer programmes.
The volume of tissues and organs (such as liver, kidney,
and spleen) can also be assessed.

The method has several uses. It can be used to
assess changes in the visceral organ mass in undernutri-

tion and obesity; to measure regional muscle mass; to
assess the distribution of subcutaneous versus internal
fat; and to establish bone density in osteopenia.

Computerized tomography involves exposure to ionizing
radiation, and hence is not recommended for pregnant women
or children, for routine whole-body scans, or for multiple
scans on the same person. The method is also very
expensive.

T




G

S DS

AT

ireh

References

Cohn S H, Vaswani A N, Yasumura S, Yuens K and Ellis K J
(1984). Improved models for determination of body fat
by in vivo neutron activation. American Journal of
Clinical Nutrition 40:255-259.

Durnin JVGA, Rahaman MM (1967). The assessment of the
amount of fat in the human body from measurements of

skinfold thickness. British Journal of Nutrition
21:681-689,

Fanelli M T, Kuczmarski R J (1984). Ultrasound as an

approach to assessing body composition. American
Journal of Clinical Nutrition 39:703-709.

Garrow J S (1982). New approaches to body composition.
American Journal of Clinical Nutrition 35:1152-1158.

Lukaski H C (1987). Methods for the assessment of human
body composition: traditional and new. American
Journal of Clinical Nutrition 46:537-556.

Lukaski H C, Bolonchuk W W, Hall C A, Siders W A (1986).
Estimation of fat free mass in humans using the
bioelectrical impedance method: a validation study.
Journal of Applied Physiology 60:1327-1332.

Rosalind S Gibson 1990. Principles of Nutritional
assessment. Oxford University Press, New York.




~ments.

o . .

sition and their Timitations

Total Body Potassium (TBK)

TBK measured by counting radiation from
naturally occurring 40K in a whole body
counter. FFM derived from assumption
that average potassium concentration of
FFM is constant.

Total Body Water (TBW)

Tracer dose of water, labeled with 3y,
2H or 180, is given orally or
intravenously, and then equilibrated.
Concentration of isotope measured in
serum, urine, saliva, or breath (for
18p). TBW calculated from dilution

observed.

Neutron Activation Analysis

Radioactive isotopes of N, P, Na, Cl,
Ca are created by irradiating the |
subject. The radioactivity of the
element is measured using a whole body

counter.

Underwater weighing

Subject is weighed in air and then when
totally

weight in water.
from body mass and body volume measure-
Correction factors for water
temperature, volume of air trapped in
gastrointestinal tract. Preferable to
measure residual lung volume.

Ultrasound

High-frequency sound waves from an
ultrasound meter pass through adipose
tissue to adipose-muscle tissue inter-
face. At interface, some sound waves
reflected back as echoes, which are
translated into depth readings via a

submerged in water. Body vol-

ume calculated from the apparent loss of
Body density calculated

vy

. Summary of laboratory techniques used to measure body compo-

Required equipment is expensive.
Obese and elderly subjects have
lower potassium concentrations,
Jeading to overestimates of

total body fat.

Involves radiation to the
subject if 3H is used. Water
content of fat-free tissue is
increased during obesity,
pregnancy, and wasting disease
leading to an underestimate of
fat. ‘

Subjects exposed to
Elements are not
and  thus

Expensive.
radioactivity.
uniformly activated,
sensitivity varies.

Requires high degree of  co-

operation from subject. Not -

suitable for young children, the
elderly, sick patients.
Relatively expensive.

validity of technique for

subjects with wide range of body
fatness unknown. Technique does
not provide same degree of
structure resolution possible
with computerized tomography.
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Total Body Electrical Conductivity
(TOBEC)

Subject lies supine in a solenoid coil
through which a 5 MHz current is passed.
The latter induces a current in the sub-
Ject, which creates a secondary magnetic
field. The conductivity value of the
subject is obtained by subtracting the
background value when the coil is empty.
Conductivity value is proportional to
body electrolyte content, and hence
reflects amount of fat-free tissue.

Bioelectrical Impedance (BEI)

The impedance to a weak electrical
current passed between the right ankle
and right wrist of subject in supine
position is measured. Impedance is
proportional to the square of the
length of the conductor - a function
of the height of the subject - divided
by the volume.

Computerized Tomography (CT)

Method measures attenuation of X-rays
as they pass through tissues, the
degree of attenuation being related

to differences in physical density of
the tissues. Image reconstructed from
matrix of picture elements (pixels)
which vary in their shading.

Edema, ascites, dehydration, and
electrolyte balance will alter
conductivity and interfere with
reading. Extent to which
variation in body shape and size
affects readings not yet known.
Variations 1in bone mass may
affect readings. Expensive
method.

Edema, ascites, and dehydration
will alter the resistance
measurements and invalidate the
method.  Sensitivity of BEI to
detect changes in body
composition during nutrition
intervention or physical
training unknown.

Exposure ‘to ionizing radiation
limits use of CT for whole body
scans, multiple scans 1in same
person, and scans of pregnant
women or children. Expensive
equipment which is not readily
available. The CT does not
provide information on chemical
composition of the structures.
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STATISTICAL’TOOLS FOR THE ANALYSIS OF NUTRITIONAL ANTHROPOMETRY

K.Visweswara Rao :
‘ Natlonal Instltute of Nutrition, ICMR, Hyderabad-500007

Good .data - has  been generated through studies on
nutrltlonal anth&opometry of various segments of the population.
. data’ will prov1de v5luable inferences with the use of
apprépriate statistical mékhods for the collection of data and
éhalysis of data. Utlllsatlon o‘;random sampling procedures in
the collection of data will éenerate good represehtative
Aéharéc%eristics. :Descriptive and analytical statistical
p;bbedures will help for good interpretation of data and

épprépriate decision making.
| Descriptive procedures include measures of averages, and

varlatlon, - frequency distributions, and ”graphic depiction of

anthropometry for comparison between groups or regions or time

periods. Quautigies, deciles and percentiles are frequently
uﬁiliseda .
Efﬁfﬁ statistical tEChniques such as tests of inference,
?cof#é}atidﬁ.;;coeff1c1ents, '.lihe;f‘ regression, multivariate

i

*ﬂregression‘ ‘tand  discrimination ‘analysis are useful for
;intérpretatfon and decision ' making in the studies.

:Factoriafyprincipal component analytical techniques are utilised

i

) er generatlng composite, anthropometric and nutritional

1nd1ces These techniques help for quantification of

dlfferentlals existing between groups or regions.

.a

Statlstlcal methods for drawing the follow1ng 1nferences

can.be visualised. L

1. Vapiation _in anthropometric measurements within
communities and between communities is massive.
2. - All anthropometric measurements are interrelated.
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Nutritional status and infection are associated.

Muscle and fat reflective anthropometric measurements are
retarded in clinical PEM cases.

Gains in height and weight are closely associated with
grades of calorie protein adequacies.

Body weight composition is altered with the severity of
infection and malnutrition.

A combinatiton of height with weight or BMI or Weight for

height (%) is found useful for differentiation of
malnourished children from those who are well-nourished.
Japanese of toiday are taller and heavier than the Japanese

of earlier decades.

Children of educated parents in India are as tall and

“heavy as theose of the children in Europe and America.

BMI, Broka's index and Weight for height are well
correlated with each other and one can be wused in place
of the other.

Differentials of malnutrition are closely associated with
the grades of educaiton and knowledge of health and
nutrition concepts.

Longevity is higher in communities and countries where the
sex ratio is higher, body built is normal and life styles

are better.

Data needed and statistical tools useful for the analysis

and decision making can be visualised and discussed.
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BIOCHEMICAL ASSESSMENT AS A TOOL TO EVALUATE NUTRITIONAL
STATUS OF PEOPLE IN COMMUNITY

Dr. V.VIMALA
Associate Professor
Post Graduate and Research Centre
College of Home Science
Andhra Pradesh Agricultural University

Biochemical assessment of nutritional status is a
more objective and precise approach than dietary/clinical
assessment methods. However the interpretation of
biochemical assessment data is often difficult and needs
to be done carefully.

OBJECTIVES OF BIOCHEMICAIL ASSESSMENT

The wuse of laboratory tests has two primary
functions. »

* To detect subclinical nutritional deficiencies in
individuals, particularly when dietary histories

are questionable or unavailable. These tests
permit the initiation of appropriate remedial
steps. :

* To supplement other studies such as dietary/
clinical assessment among specific population
groups in order to pinpoint nutritional problems
that these modalities may have suggested or
failed to reveal.

Laboratory investigations are of little use if it
merely confirms a known clinical diagnosis. Often
laboratory values will be obtained suggesting marginal or
acute deficiencies where the patient appears clinically
normal, since clinical signs usually occur only after
prolonged inadequate intake of nutrients. The probability
is that the subject may be in various stages of depletion
and if this state continues will become ill.

BIOCHEMICAIL METHODS

Subclinical deficiency states can be identified
by two methods namely

- Static biochemical tests
- Functional tests
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Static biochemical tests

Subclinical deficiency states can be identified
by measuring the levels of a nutrient or its metabolite in
a preselected biopsy material that reflects either the
total body content of the nutrient or size of the tissue
store most sensitive to depletion. These measurements are
termed as I'"static biochemical tests". These tests are
grouped into two categories i.e.

- Measurement of a nutrient in biological fluid or
tissue

- Measurement of urinary excretion rate of a
nutrient

Body fluids and tissues used for biochemical analysis

- Whole blood, serum and plasma
- Urine

- Hair

- Saliva

- Semen

- Amnoitic fluid

- Finger nails and toe nails

- Skin and

- buccal mucosa

Plasma and serum tend to reflect recent dietary

intake. Near normal plasma/serum nutrient concentration
may be present even in the presence of severe depletion of
body stores. In ruch cases alternative biochemical

indices should be selected.

Erythrocytes can reflect chronic nutrient status.
The analysis of erythrocyte is difficult and more over
erythrocytes contain only a small percentage of the total
body .nutrient content, they are unlikely to be a valid
index of nutrient status.

Leukocytes or specific cell types such as
lymphocytes or neutrophils can be used to monitor short
term change in nutritional status. For this estimation
relatively large blood sample is required and generally
restricts the use of these indices to adults.

Tissue stores like liver, bone marrow, adipose
tissue and bone are the storage sites for iron, vitamin E
and calcium. Sampling these biopsy materials is too
dificult for population studies and can only be used in
research and clinical setting. Hair is used to assess
trace element deficiencies and to excessive exposure to
heavy metals (eg. zinc) Finger nails and toe nails are
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biopsy material for trace element analysis (e.qg.
Selenium).

MEASUREMENT OF URINARY EXCRETION RATE OF THE NUTRIENT OR
ITS METABOLITE ‘

Urine specimens can be used for the biochemical
assessment of some minerals, water soluble B complex
vitamins, vitamin C and proteins provided the renal
function is normal. Urine cannot be used to assess the

vitamins A, D, E and K as metabolites are not excreted in.

proportion to the amount of these vitamins consumed,
absorbed and metabolized.

Urinary excretion assessment methods almost
always reflect recent dietary intake rather than chronic
nutritional status. The methods depend on the existence
of a renal conservation mechanism that reduces the urinary
excretion of the nutrient and/or metabolite when body
stores of the nutrient are depleted. Unfortunately, for
some nutrients (eg. ascorbic acid and phosphorus) urinary
excretion of the nutrient is reduced before body stores
are depleted. 1In other circumstances such as infection,
the use of antibiotics and conditions which produce
negative balance, increases in urinary excretion may occur
despite depletion of body nutrient stores. For measure-
ment of a nutrient or a corresponding metabolite in urine,
it is essential to collect a clear, preferably over a
complete 24 hour period. To monitor the completeness of
24 hour urine collection, urinary creatinine excretion
canbe measured. The approach assumes that daily wurinary
Ccreatinine excretion is constant for a given individual
the amount being related to muscle mass.

FUNCTIONAI. TESTS
Some important examples of functional tests are

1. Measurement of abnormal metabolic products in blood or
urine arising from suboptimal intakes of the nutrient.

Eg. 1Increased excretion of xanthurenic acid in
vitamin By deficiency

. 2. Measurement of changes in blood components or enzyme

activities. These are preferred biochemical methods
of nutritional assessment, because they are generally
the most sensitive and specific. The enzyme that is
dependent on a given nutrient and for which specific
metabolic defect has been identify is given below

~
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Enzyme ) Nutrient
Lysyl oxidase Copper
Aspartate amino- Vitamin Bg
transferase
Glutathione reductase Riboflavin
Transketolase Thiamine

Sometimes not only enzymes but coenzymes are also
measured. The tissue selected for the enzyme assay should
be particularly sensitive to the pathological 1lesion.
Ideally the assay selected should

- reflect the amount of nutrient available to the
body

- Respond rapidly to changes in supply of the
nutrient

- Relate to the pathology of deficiency or excess

Many nutrients have more than one functional
role, so that the activities of several enzymes may be
affected during the development of deficiency, thereby
providing additional information on the severity of the
deficiency state.

Instead of measuring the activity of an enzyme,
changes in blood components that are related to the intake
of a nutrient can be measured.

3. In vitro tests of invivo functions

These tests involve replicating in vitro a
corresponding function in wvivo.  For these tests,
tissues/cells must be isolated and maintained under
physiological conditions.

eg. d-uridine suppression test for vit. B;, and
folate

4. Induced responses and load tests invivo

These functional tests conducted on the subject
invivo include many well established load and tolerance
tests. Such tests are wused for individuals with a
suspected deficiency of a nutrient. They are not suitable
for survey studies. They are generally employed to assess
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the status of water soluble vitamins and minerals 1like
magnesium, zinc and selenium.

Test : Vitamins
Tryptophan load test Pyridoxine
Histidine load test Folic acid
Vitamin C load test Vitamin C
Valine load test Vitanmin Bio

In a load test, a loading dose of the nutrient or
an associated compound is administered orally, intra-

muscularly or intravenously. - After the 1load a timed
sample of the urine is collected and excretion level of
the nutrient or a metabolite is determined. In "a

deficiency state, when tissues are not saturated with the
nutrient, excretion of the nutrient or metabolite will Dbe
low, because net retention is high. When calculating
percentage excretion in load tests the basal intake of the
nutrient must be allowed by means of a correction for the
base line urinary excretion of the nutrient.

Tolerance tests sometimes referred to as plasma
appearance tests are used to assess the nutritional status
of nutrients such as zinc and manganese. In these tests,
the concentration of the nutrient is measured both in
fasting plasma and in plasma after an oral pharmocological
dose of the nutrient. The response is enhanced in cases
of nutrient depletion because intestinal absorption of

nutrient is assessed to increase in a nutrient deficiency
state.

SELECTION OF LABORATORY TESTS

Rigorous protocols must be followed for the
sampling, transportation, preservation and analysis of the
biological tissues and/or fluids. This is particularly
important for samples collected under field conditions and
for trace element analysis. Laboratory tests vary with
respect to their precision, accuracy, analytical

specificity, analytical sensitivity, predictive value and
validity.

Precision : Repeated measurements on a single sample or
individual can be wused to assess precision. The
coefficient of variation as determined by the ratio of the
standard deviation to the mean of replicates is the best
quantitative measure of the precision. The level of

©0 e 0 e




b )

L5l & ik &l I

o

L di.dhdE. 4

o

i ba 40wl bs 450

U

!

® 0 & 00090

P D0ttty 0) vy vy

 adaant. 2o = 28 S S0 2% Jal a

precision attainable depends on the procedure, whereas
precision required depends on the projected application of

- data. It is possible for a method to be precise but not

accurate;%

Kb

“4 3 Inaccurate . Accuraiem"' Inaccurate Accurate
& S and but but and
' imprecise imprecise precise precise
= ‘Figure 1. : Differences between precision and accuracy. Modified

from Pi-Sunver and Woo. In: Nutrition Assessment: A Compre-
hensive Guide Tor Planning intervention by M.D. Simko, C. Cowell,”
and LA Gilbride, p. 140, with permission ol Aspen Publishers., Inc.,
(c; 1U84.

Accuracy : The difference between the reported and the
true amount of the. nutrient/metabolite present in the
sample determine the accuracy of a method. For methods
involving direct analysis of nutrients in tissues or

., +fluids a, recovery test is generally preferred. This
- .linvolves & the addition of known amounts of nutrient to
f*gsamples; The»sample‘is‘then analysed.

Sitw A
i W

e foo o '
;Aﬁglytical"sensitivity t« For any analytical method the
analytical sensitivity refers to .the smallest single

" result which «can be distinguished from zero. Routine

procedures should be capable of analyzing the nutrient of
~interest at a level which is five times greater than the
detection 1imit.§g -

“Analytical specificity : The ability of an analytical
method™ to measure only the substance of interest is
referred to as the analytical specificity. Analytical
specificity is improved in the analysis of minerals or
trace elements by removing organic material by dry’ ashing
wet digestion. :

Predictive value : The predictive value refers to the
ability of a laboratory test when used as an index to
predict correctly, the presence or absence of a nutrient
deficiency or disease. Sensitivity, specificity and
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-Prevalence affect the predictive value of g laboratory
index. Sometimes laboratory index and anthropometric
measurements are used together to form a multiparameter
index to enhance the predictive value of a test.

Validity Laboratory test when used as an index can be
considered valid if it correctly reflects the nutritional
parameter of interest. Thus for example if the objective
is to assess the total body content of a nutrient the
laboratory index correctly reflects the total body
content, the index is said to be valid. Unfortunately the
action of certain drugs and hormones in enzyme activity

and/or nutrient metabolism may affect the validity of 2
laboratory index. '

Planning Laboratory assessment

While laboratory assessment of nutritional status
may seem formidable it can be undertaken if proper
preliminary planning takes place. “

Primary considerations in planning laboratory studies

1. Requires a method of coordinating the collection of

samples of blood and urine from the subjects to be
surveyed.

2. Appropriate laboratory with good facilities should be

selected and arrandgements made to be provide samples
and accumulate data.

3. Medical or paramedical personnel /well trained research

staff should obtain and process the blood and urine
samples.

4. Sample needed for the test should be easily collec-

table (A finger prick sample of blood or random
specimen of urine).

5. The sample should be stable during transport.
6. Simple equipment should be handled at field level.

7. All subjects should be informed about the purpose of
the study and their permission obtained. Parental
permission is mandatory in the case of minors.

8. The methods utilizeq for nutritional assessment vary
in cost, degree of technical expertise required and
reliability. They are also constantly being revised
and improved. Appropriate method should be selected

and advice on proper interpretation of the data need
to be obtained.
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SAMPLING PROCEDURE

- Based on the objective of the study appropriate
biochemical tests should be selected. ‘ :

- A decision must be made on the number of specimens
that can be collected and processed. This depends on
statistical consideration in relation to total number
of persons examined in the field and on the
limitations imposed by facilities for transport,
storage and actual analysis. For biochemical tests,
a sub sampling technique will normally be required
(10% or 20% based on sample size).

Sample collection and preservation

Equipment needed 1like disposable syringes and
needles, glass stoppered vials, bottles etc. must be
immediately at hand when samples are collected. The

technique for drawing blood must be thoroughly known and .
practiced.

Blood and urine samples will deteriorate rapidly
unless they are properly managed and preserved for
transmission to the laboratory for assay. Optimal
attention must be given to specimen collection, preserva-
tion and transportation.

2

Time of collection

The time of day that samples are to be obtained
from the subject may influence the findings particularly
if this is done shortly after the individual has eaten or
taken a vitamin supplement. Optimally, blood samples
would be taken in the morning before breakfast or any food
or drink 1is consumed. For urine analysis, the optimal
sample 1is a total 24 hour collection. If this is not

possible the best sample is the first upon arising. When
that is not possible, best would be to obtain samples
atleast 2-3 hours after the last meal. Ideally all

samples are to be collected under the same circumstances.

Preservation of blood samples

Blood samples should be collected into stoppered
glass vials containing an anticoagulant such as dried
oxalate or heparine lithium. Each vial should be labelled
properly. All Dblood samples must be processed and
preserved under refrigerated conditions till further
analysis wunder field conditions. Ice boxes can be used.
It 1is necessary to make an acid filtrate of blood
immediately (the acid would be trichloroacetic or

00006 CC 00000000 CO0GEO00000C 0000600000000
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metaphorphoric) store by freezing the filtrate for
analysis of most unstable vitamins 1like vitamin C.
Similarly separated serum, plasma by centrifugation should

be properly preserved and frozen immediately. Certain
enzymes are unstable to freezing necessitating immediate
assay. To avoid erroraneous results therefore, it 1is

better to review each analytical technique to be used with
a view toward its specific needs for sample collection and
preservation. o

Preservation of wurine samples : Urine samples are
difficult to collect wunder field conditions. The
cooperation of the subject is required. Urine should be
collected in screw capped glass or preferably plastic
bottles containing hydrochloric acid or acetic acid as
preservative and store in refrigerator till further
analysis.

EVALUATION OF LABORATORY INDICES

Laboratory indices both static and functional are
generally evaluated using two techniques namely

- Comparing the observed values with reference
values which have derived from a reference
sample.

- Comparing the observed values with cut off points
based on data from subjects with clinical or
functional manifestation of a nutrient deficiency
To summarise the following are some of the

methods used to evaluate nutrient status.

EVALUATION OF PROTEIN STATUS

‘Somatic protein status

Urinary creatinine excretion
Creatinine height index
3-Methyl histidine excretion

Visceral protein status

Serum albumin

Serum transferrin )
Serum thyroxine binding prealbumin (TBPA)
Serum retinol binding protein (RBP)

..F.




Metabolic changes as indices of protein status

Serum amino acid ratio

Urinary 3-hydroxyproline excretion
Hydroxyproline : creatinine ratio
Hydroxyproline index

Nitrogen balance studies

EVALUATION OF VITAMIN STATUS

Some of the bioéhemical tests used for estimatiocn
of vitamin intake and stores are given in table 1.

Table 1: Biochemical tests for vitamin intake and stores

levels

A Plasma or serun Liver retinol
retinol

D ‘ - 25 OHD, 1, 25 OH2D
E Plasma tocopherols Erythrocyte fragility test !
K - Prothrombin time

C Serum ascorbate Leukocyte, wurinary ascor-
bate, load test
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Thiamine Urinary thiamine Erythrocyte transketolase ;
excretion i
]
Ribo- Urinary riboflavin Erythrocyte glutathione !
flavin excretion reductase, erythrocyte
riboflavin, pryridoxamine :
l coxidase ;
( Phyri- Urinary pyridoxine Tryptophan load test, ery- i
) doxine excretion throcyte transaminase,

plasma pyridoxal phosphate

Bq, Serum B, Se;um Bi,, methylmalonic .
acid excretion il
Folacin Plasma Folacin Erythrocyte folacin, formi-
minoglutamate excretion
test

namide,2-pyridone excretion

H
|
!
i
ik
Niacin - Urinary N-methyl nicoti e
i
I
i
|
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Evaluation of mineral status

Status with respect to the major minerals
(sodium, potassium, calcium and magnesium) is commonly
assessed using serum levels (Table 2). The body normally
maintains serum levels of these minerals within narrow
limits because they have a very important role in
electrolyte balance, nerve and muscle function.

Table 2: Assay for major mineral status

Mineral Assays for functional Assays for stores

‘ status

Sodium Serum sodium level, urine In vivo neutron
sodium excretion activation analysis

Pota- Serum potassium level, Serum potassium

ssium urine potassium excretion level

Calcium Plasma ionized calcium, Bone density measu-
alkaline phosphatase, rement, in vivo
vit. D levels neutron activation

analysis

Magne- Plasma magnesium, urine -

sium magnesium excretion

Phospho- Plasma phosphate In vivo neutron

rous activation analysis

Assessment of iron status is closely linked with
assessment of hematologic status. Hematology screening
includes '

White blood cell count (WBC)

Red blood cell count (RBC)
hematocrit (HCT)

hemoglobin (Hgb)

Differential white cell count (Diff)
Mean cell/corpusular volume (MCV)
Mean cell/corpusular hemoglobin (HCH)
Mean cell/corpuscular haemoglobin
concentration (MCHC) »

* ok ok ok F K kR *

The entire ' hematologic examination should be
considered in evaluating the significance of nutritional
deficiency since dietary factors usually affect more than
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one aspect of the formed elements of the blood. But under
field situation test to detect anaemia is restricted to
only = haemoglobin estimation. Several simplified methods
of haemoglobin suitable for field situation have been
developed recently Ex)l Wong’s method, cyanmethae moglobin
method and filter paper technique. This filter paper
technique has been further modified by NIN.

The number of trace minerals considered essential
for human nutrition has been growing. Some of the assays
for trace minerals are given in Table 3.

Table 3: Assays for trace minerals

Mineral Intake Function Stores
Zinc Hair, nail - Plasma zinc
zinc
Copper - Presence of iron Ceruloplasmin
like anaemnia plasma copper,

hair levels

Iodine Thyroid hor- Thyroid hormone -
mone levels levels,
Thyroid sti- Thyroid stimulating
mulating hor- hormone level
mone level

Fluo- Urinary - -
ride fluoride
level
Manganese - . Serum manganese -
. Chromium - Change in plasma Hair levels
levels following
a meal
Selenium Plasma Platelet gluta- Red cell sele-
selenium thione peroxidase nium, platelet
activity glutathione
peroxidase
activity

All the tests listed may not be feasible for
field situations. But tests which are easy to carry out,
where samples are simple to collect and which have been
most extensively wused in the past can be selected to
assess nutritional status of a population.
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Assessment of protein nutritional status by
Biochemical methods

Dr.Vijaya Khader, Professor and Head, PGRC H.Sc., APAU

It is a very simple concept that a person is
deficient in a substance if his body contains too little
of it. In the field of protein status, this leads to the
question of how do you obtain a reliable estimate of body
protein content, then how do you establish a significant
degree of deficiency, and finally how does one recognise
clinically those conditions 1leading to a state of
deficiency ? (Water low, 1978). According to Beaton and
Patwardhan (1976), a series of steps can be recognized in
the development of any deficiency state, beginning with
depletion of stores, passing through deterioration in
normal cell function and the <clinical synptons of
deficiency of the acutely malnourished ‘individual angd
eventially morbidity and mortality.

Protein consumed in the diet is enzymatically
hydrolysed into the elementary tract, and passes into the
blood stream as free amino acids which mingle with amino
acids coming from the tissues. Amino acids occur in the
body in the free form and in the form of body protein.
(Hamish and Vernon, 1980).

Role of Skeletal muscle in protein: Skeletal muscle is
the 1largest tissue in the body and metabolism of amino
acids in this tissue is of considerable significance for
general protein metabolism. Muscle is also the main site
of metabolism of the branded -~ chain amino acids
(leucine, isoleucine and valire).

For Assessment of protein status
Various methods have been suggested. by Gibson (1990)
1. Assessment of somatic protein status

A. Urinary creatinine excretion
B. 3-Methylhistidine excretion

2. Assessment of Visceral protein status

A. Total serum protein

B. 'Serum albumin

C. Serum transferrin

D. Serum retinol-binding protein

E. Serum thyroxine-binding pre-albumin
F. Serum somatomedin-C
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3. Metabolic changes as indices of protein status

A. Serum amino-acid ratio

B. Urinary 3-hydroxyproline excretion

C. Nitrogen balance .
D. Uninary urea nitrogen: creatinine ratios

4. Muscle function tests

A. Skeletal muscle function after electrical
stimulation

B. Hand grip strength
5. Immunological tests,

. Lymphocyte count

Measurement of thymus-dependent lymphocytes
Lymphocyte mitogen assays

. Delayed cutaneous hypersensitivity

. Other methods.

HO QW)

1. Assessment of Somatic protein status:

A) Urinary creatinine excretion: Creatinine derived
from the ' catabolism of creatinine phosphate, a
metabolite in muscle. Urinary creatinine can be
used as an index of muscle mass (each gm of
creatinine excreted is said to represent approxima-
tely 18-20 kg of fat-free muscle). Several methods
are used to express urinary creatinine excreation.

. Urinary creatinine excretion mg per 24 hours.

. Dietary wurinary creatinine excreation (mg) per cm
body height.

. Creatinine height Index (CHI) as percentage.

Measured 24 hr urinary creatinine
Ideal 24-hr urinary creatinine for height

CHI as a .percentage deficit (mild deficit 5 to 15%,
moderate 15-30% and severe above 30%)

N

Per cent deficit = 100-CHI %

Several factors such as day to day variation,
strenous exercise emotional stress, Dietary intake of
creatinine and creatinin, menstruation, age, infectfh,
fever and chronic renal failure. -

57




B) 3-Methylhistidine excretion

3-Methylhistidine (2~MH) is an amino acid present
almost exclusively in the actin of all skeletal muscle
fibres and the myosin of white fibres. It is formed by
the methylation of histidine residues after the synthesis
of actin and myosin. When the proteins actin and myosin
are catabolized, 3-MH is released and excreted quantitati-
vely into theé urine without further metabolism.

Nevertheless, the use of 3-MH excretion as a
routine index of muscle mass is not recommended at the
present time. The precise effects of factors such as sex,
age, maturity, nutrition, hormonal status, fitness, recent
intense exercise, injury and disease on excretion of 3-MH
have not been quantified. Any catabolic state, such as
fever, starvation, trauma, infection, etc., will increase
muscle turnover and alter the relationship between muscle
mass and excretin of 3-MH, thus invalidating index.
Urinary 3-MH excretion nay be useful for monitoring
effectiveness. Ion-exchange chromatography with ninhydrin
Oor ninhydrin-orthophthal aldehyde whereas others use high-
performance liquid chromatography €n5analysis of 3MH.

2. Assessment of visceral protein status:

Visceral protein status is frequently assessed by
the measurement of one or more of the serum proteins. The
main site of synthesis for most of these is the liver,one

of the first organs to be affected by protein
malnutrition.

. Serum proteins useful for measuring short-term
changes in protein status have: a small body pool, a rapid
rate of synthesis, a major proportion present within the
viscular Space, a fairly constant catabolic rate thut

responds specifically to protein-energy deprivation but is
not affected by extraneous factors.

a) Total serum protein

Total serum protein has been used as an index of
visceral protein status. A marked decrease in the serum

albumin concentrations which represent 50% to 60% of the
total serum protein.

b) Serum albumin:

Serum albumin reflects changes occurring within
the intravascular Space and not the total visceral protein
pool. Serum albumin is not vVery sensitive to short-term
changes in protein status; it is a long half-life, of
fourteen to twenty days.

‘Qp..‘.‘..""...O0.000..QO..O.CO.Q‘_._.
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Serum albumin levels are also influenced by a
variety of other conditioning factors, such as

* Inadeguate protein intake resulting from:. low
: dietary .intakes, anorexia, unbalanced diets,
hypocaloric intravenous infusions.

* Altered metabolism generated by: trauma, stress;
sepsis, and hypoxia.

* Specific deficiency of plasnma proteins caused by;
Protein losing enteropathy, and liver disease.

* Reduced protein synthesis resulting from inadequate
energy intake, electrolyte deficiency, trace element

deficiencies (e.q. iron and zinc), vitamin

deficiency (e.g.vitamin A)..

* Pregnancy induces changes in the amount and
distribution of body fluids.

* Capillary permeability changes.
* Drugs (e.g. oral contracgptive agents).
* Strenuous exercise.

Serum albumin is assayed in most clinical
laboratories wvia an automated dye-binding method using
bromocresol green. Other methods include standard
electrophoresis and salt fractionation.

A stable iSotope procedure has been developed by.

Halliday and Mc Keran (1975) for the estimation of albumin
synthesis in humans by using 15N - glycine donor of 15N to
liver free arginine.

C.SERUM TRANSFERRIN

Transferrin is a serum B-globulin protein
synthesized primarily in the liver but, unlike albumin,
it is located almost totally intravascularly. Transferrin
serves as the iron transport protein, each molecule of
tranferrin binding with two molecules of iron. In
general,serum transferrin is not an appropriate index of
protein status where both iron deficiency anaemia and
chronic protein-energy malnutrition are widespread.

Serum transferrin concentrations are assayed by a
radial~-immunodiffusion technique. This method is expensive
time consuming, and not routinely performed in most
clinical 1laboratories. Instead, serum transferrin 1is
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estimated indirectly, using a prediction equation based
on total iron-binding capacity. For plasma transferrin
based on an antigen-antibody reaction using commerially
available transferrin antibody.

D. Serum retinol-binding protein
' Retinol-binding protein (REP) is the carrier
protein for retinol, with a single binding site for one
molecule of retinol. The complex travels together with one
molecule of plasma thyroxine-binding pre-albumin (TBPA)
to form a trimolecular complex of retinol, retinol-binding
protein.

A fall in serum RBP levels is also observed
during deficienceis of vitamin A or zinc. Serum retinol-
binding protein, 1like transferrin, is also measured by .
radial-immunodiffusion techniques.

E. Serum thyroxine-binding pre-albumin

Thyroxine-binding pre-albumin (TBPA) serves as a
transport protein for thyroxine, and as a carrier
protein for RBP. Serum TBPA is a more sensitive index of
protein status and responds more rapidly to dietary
treatment than serum albumin or transferrin. Gastrointes-
tinal diseases, renal and kidney diseases, surgical
trauma, stress, inflammation, and infection, all lead to
modifications in the metabolism of TBPA- and reduce its
specificity as an index of protein status (Farthing,
1982).Deficiencies of Vitamin A, =zinc, and iron do not
affect the levels of TBPA but may modify the concentra-
tions of RBP and/or transferrin, as noted previously.

Radial-immunodiffusion techiniques are also
used to determine TBPA. Thyroxine-binding pre-albumin
values appear to vary according to age, and = sex

(Carpentier and Ingenbleek, 1983) and possible ethnic

group and geographical area.

F. Serum somatomedin -C

Somatomedins are growth-hormone dependent serum
growth factors produced by the 1liver. They have a
proinsulin like structure and broad anabolic properties.
Reductions in serum somatomedin-C value occur in patients
with hypothyroidism, and with estrogen administration.

Somatomedin-C can be assayed using a radio-immunoassay
method.
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3. Metabolic changes as indices of protein status:

: For example, in marasmus, fasting serum insulin
levels are low, whereas in kwashiorkor they are
elevated. Reduced urinary hydroxyproline excretion and
increased urinary nitrogen excretion.

A. Serum amino-acid ratio
Measurement of the serum ratio of nonessential

amino acids (NEAA) to essential amino acid (EAA) as an
index of kwashiorkor was developed by Whitehead and Dean

(1964). The Eaa, particularly the branched chain amino
acids leucine, isoleucine, and valine, as well as
methionine, fall to low concentrations in the serum of

children with Kwashiorkor.

A simplified technique to determine serum amino-
acid ratios using one-dimensional paper chromatography
and a finger prick blood sample was developed for
field survey use.

In general, serum amino-acid concentrations are
not sensitive indices of protein-energy malnutrition
because the regulatory systems for the maintenance of
serum amino acid concentration are very effective.

B. Urinary 3-hydroxyproline excretion

Urinary 3-hydroxyproline, principally in the
peptide form, is an excretory product derived from the
soluble and 1in soluble collagens of both soft and
calcified tissues. In adults levels of 3-hydroxyproline
in the urine are often used to dl@nose certain bone and
connective tissue or endocrine disorders.

Several extraneous factors influence urinary
hydroxyproline excretion. These include the ignestion of
collagen and hookworm and/or malarial infestations.

The hydroxyproline: creatinine ratio
This ratio corrects at least partially for
differences 1in adult body size. Hydroxyprollne decreases

with age while creatinine excretion increases.

The hydroxyproline index

The hydroxyproline index as an age-independent
interpretive standard for children.
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mg hydroxyproline
per mlL urine.
Hydroxyproline T el X Kg body
index ' mg creatinine
per mL urine

In normal children,between one and six years of
age, the hydroxyproline index is relatively constant and
is approximately 3.0

C. Nitrogen balance

Nitrogen balance is a measure of net changes in
total body protein mass. Approximately 90% to 95% of
daily nitrogen losses 1is excreted in the urine, the
remainder being lost through the skin, stools, hair and
nails. Instead, urinary urea nitrogen is more frequently
determined. More than 80% to 90% of the total nitrogen
in the urine is normally excreted as urea excretion of
the non urea nitrogen components (e.g.creatinine
nitrogen 6.4%, ammonia nitrogen 7.4% wuric acid nitrogen
2% to 3% and other minor nitrogenous compounds 1% to 2%)
remains fairly stable on a general diet. limitations and
sources of error in balance studies are

* Balance studies are expensive to perform

* Balance procedures require substantial time of the
patient and staff

* The 1intake and excretion of nitrogenous compounds
are not measured by standard techniques (e.g
nitrate) and may introduce errors.

Urea nitrogen in the urine can be assessed by an
enzymatic method of Searcy et al. (1965).

"D. Urinary urea nitrogen: Creatinine ratios:

This ratio has been used as an index of dietary
protein intake because several studies have reported a
relationship between the level of protein intake andiratio.

Muscle _function tests: Muscle wasting characterized the
marasmic form of protein-energy malnutrition. Changes

in muscle function, such as muscle contractility,
relaxation rate, and endurance.

-
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A. Skeletal muscle function after electrical
stimulation .

Skeletal muscle function tests generally measure
the function of the adductor pollicis muscle after
electrical stimulation of the ulnar nerve.

B. Hand grip strength

Hand grip strength has also been used as a test
of skeletal muscle function. Psychological factors,such
as motivation as anxiety, may also influence hand grip
strength and confound the interpretation of the results.

5. Immunological tests

During protein-energy malnutrition and deficien-
cies of specific nutrients suh as iron and zinc,
consistent changes in immunological responses have been

observed. Immunocompetence has been used as function
index of nutritional status. Immunological tests, are not
specific enourgh to detect individual nutrient defi-
Cciencies.

A. Lymphocyte count

Lymphocytes comprise 20% to 40% of the total
white blood cells (WBC) (leukocytes). Measurement of the
total lymphocytes in the peripheral circulation is
usually performed routinely on almost all hospital
patients in industrial countries. In healthy subjects, the
average lymphocyte count in peripheral blood is generally
above 2750 cells per mm~. In malnutrition, the blood
lymphocyte count is reduced. A level between 900 and 1500.
cells per mm” is said to ~indicate moderate depletion,
whereas below 900 Per mm~ represents severe depletion.

Q,

% lymphocytes x WBC
Total lymphocyte count= —-w-l_____Z "7 7 """

Many other factors can affect the lymphocyte

count, the specificity and sensitivity of this test is
low. _

B. Measurement of thymus-dependent lymphocytes

Approximately 75% to 80% of the circulating
lymphocytes are thymus dependent lymphocytes (T-cells).
- During protein-energy malnutrition, both the proportion

and absolute number of T-cells in the peripheral blood may
be reduced.

[
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For the test, the lymphocytes are first isolated
from a venous blood sample. After washing, the
lymphocytes are mixed with sheep red blood cells and
incubated briefly (Five to ten minutes) at 37°C.During
which time the T-cells bind to the sheep red blood cells
forming rosettes. Hence, immune dysfunctions that result
from increased numbers of supressor T-cells cannot be

~detected by this test.

c. Lymphocyte(nisfogen assays

To assess human lymphocyte function, lymphocytes
are incubated in the presence of mitogens, which stimulate
carbohydrate receoptors on lymphocyte surfaces causing

them to divide. 1In cases of immune dysfunction, decreases
in the mitogen-induced proliferation occur. Mitogens
commonly used include concanavalin phytohemagglutinin

(PHA) which primarily stimulate division of T-cells,and
the thymus dependent B-lymphocyte mitogen, pokeweed
mitogen (PWM). The results must be interpreted with
caution becasuse technical variations and difficulties in
the assays can influence the results.

D. Delayed cutaneous hypersensitivity

When healthy persons are re-exposed to recall
antigens intradermally, T-cells respond by proliferation,
and release of soluble mediators of inflammation. This
produces an induration (hardening) and erythema (redness).
These skin reactions are often decreased in malnourished
persons with marasmus and or kwashiorkor and/or nutrient
deficiencies such as Vitamin A, zinc, iron, and pyrido-
xine, but are reversed after nutritional rehabilitation.
The recall skin test antigens commonly used are; purified
protein derivative (PPD), mumps, trichophyton, dinitro-
chlorobenzene (DNCB). '

Several investigators have studied the
usefulness of DCH testing for assessing risk of morbidity
and mortality in hospital patients. The multi-test cCell
Mediated Immunity (CNI) Delayed Hypersensitivity Skin test
kit has been developed by the Institut Merieux (Kniker et
al., 1979).

E. Other methods

Mixed leukocyte culture is another method used
to assess immune function, which involves measureing the
ability of cells to divide in response to a specific
antigen challenge again using tritiated thymidine

incorporation.
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Determination of body nitrogen through in vivo
neutron activation analysis (INAA) is a recently described
Technique (Mernagh et al (1977) and Corn et al (1972).

Connected arm muscle area (CAMA) accurately
reflects total muscle mass and is the simplest means to
detect muscle wasting (Heymofield et al, 1982).

Summary
Laboratory indices ofrrotein status measured hy
1. Stomatic protein status; 2. Visceral protein status;

3. Metabolic changes; 4. Muscle function; and 5. immune

function.
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BIO CHEMICAL

ASSESSMENT OF VITAMIN STATUS

approaches

Dr. Uma Reddy

The assessment of vitamin status is best achieved by the application
of biochemical methods, clinical evaluation and, to a lesser extent,
dietary methods. Anthropometric evaluation can be informative
regarding energy and protein status, but yields no information
relevant to vitamin status. Clinical evaluation can be effective
in the diagnosis of late-stage vitamin defeciencies, that is, those
involving physiologic dysfunction and/or morphological changes.
However, overt vitamin deficiency syndromes are relatively are

compared to the incidence of sub-optimal vitamin status about

which clinical evaluation is informative. Diets and food habits

requirements

of useful .

biochemical

methods -

that are likely to provide insufficient amounts of available vitamins
can be identified by dietary evaluation, However, as discussed
in Chapter 19, these methods are almost always imprecise with
respect to the vitamins, and the parameters they measure usually
have greater inherent variability than those for other nutrients.
The detection of early stage vitamin defeciencies is, therefore,
best achieved using the variety of biochemical methods that are

available.

Many biochemical parameters of vitamin status can be identified.
However, in order to be useful for the purposes of assessment

of vitamin status, a parameter must satisfy several requirements.

To be useful in assessing vitamin status, a biochemical
parameter must;

i. correlate with the rate of vitamin intake, at least within the

nutritionally significant range, and respond to deprivation of
the vitamin

ii. relate to a meaningful period of time

g4




ui. relate to normal physiologic function

iv. be measurable in an accessible specimen

v. be technically feasible, reproducible and affordable

i
i
)
}

vi. have an available base of normative data

available The ideal parameter of vitamin status would be a measure of
biochemical actual metabolic function of the vitamin. In some cases this is
methods - for possible; however, in most cases, direct measurement of vitamin
assessing metabolic function is not possible due to the absence of a discrete
vitamin status functional parameter, to the existence of more than one metabolic

function with different sensitivities to vitamin supply, to the

function of the vitamin in a loosely bound fashion which is

unstable to the methods of tissue preparation, etc. Therefore,
i other parameters are useful for assessing vitamin status. These
include measurements in accessible tissues or urine of the vitamin,
certain metabolities or other enzymes related to the metabolic

function of the vitamin.
Accessible tissues for biochemical assessnient of vitamin status:

tissue relevance

blood

plasms/serum  contain newly absorbed nutrients as well as
vitamins being transported to other tissues and,
therefore, tend to reflect recent nutrient intake:

this effect can be reduced by collecting blood

after a fast

erythrocytes with a half life of ca, 120 days, they tend to

reflect chronic nutrient status; analyses can be
technically difficult

leukocytes have relative short half-lives and, therefore, can

be used to monitor short-term changes in nutrient
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Interpreting
results of
biochemical

tests of vita-

‘min status

status; 1solation of these cells can present technical

difficulties

tissues
liver, sampling is invasive, requiring research or clinical
adipose, settings

bone, marrow,

muscle

hair, nails * easily collected and stored specimens offer
- advantages particularly for population studies of
trace element status, not useful for assessing

vitamin status.

The guidelines originally developed by the ICNND are generally
used for the interpretation of the results of biochemical parameters
of vitamin status. It is important to note, however, that those
interpretive guidelines were originally developed for use in surveys
of populations. Their relevance to the assessment of the vitamin
status of individuals is not straightforward, due to issues of
intra-individual variation and confounding effects which may be
quantitatively more significant for individuals than for populations.
For example, intra- individual (*within-person*) variation is
frequently noted in serum analytes. Therefore, a measurement of
a single blood sample may not be appropriate for estimating the

usual circulating level of the analysts of an individual, even

- though it may be useful in estimating the mean level of a

population. Several factors can confound the interpretation of
parameters of vitamin status: those affecting the response parameters
directly, drugs that can increase vitamin needs, seasonal effects
related to the physical environment or food availability, use of

parenteral feeding solutions, use of vitamin supplements, smoking,

etc.




Limitations of some biochemical methods of assessing vitamin status

Vitamin parameter limitation

Vitamin A plasma retinol : reflects body vitamin A stores only at
severely depleted or excessive levels;
confounding effects of protein and Zn
deficiencies and renal dysfunction

Vitamin D Plasma alk, P-ase affected by other disease states
Vitamin E Plasma tocopherol affected by blood lipid transport capacity '
thiamin plasma thiamin low sensitivity to changes in thiamin e,
intake ’
riboflavin plasma riboflavin low sensitivity to changes in riboflavin d
intake *
Vitamin Bg RBC glutam- genetic polymorphian ’
pyruv transaminase ‘ 1
folate ' RBC folates also reduced in vitamin B2 deficiency ’
urinary FIGLU also increased in vitamin B2 deficiency ,'
Vitamin B2 urinary FIGLU also increased in folate deficiency ’

*or serum

*formiminoglutamic acid

Biochemical methods for assessing vitamin status

vitamin functional parameters tissue levels urinary excretion

Vitamin A serum retinol change in
serum retinol with oral
vitamin A dose liver
retinyl esters

A 2

Vitamin D serum 25(0OH)2-vitamin
' D2 serum vitamin D3
serum  1,25- (OH)2D3
scrum alkaline  phos-

phatase

R -eg og

Vitamin E erythrocyte hemolysis  serum tocopherols
breath alkanes
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Vitamin

K clotting time
prothrombin time

2

Vitamin C serum ascorbic acid ascorbic and ascorbic
leucocyte ascorbic acid ac
- thiamin erythrocyte transketo- blood thiamin blood thiamin(thiochrome)
lase stimulation pyruvate thiamin after load
niacin erythrocyte NAD - methylnicotinamide
erythrocyte 1-methyl-6-pyridone-3
NAD:NADP ratio -carboxamide
riboflavin  erythrocyte glutathione blood riboflavin riboflavin riboflavin
reductase stimulation after load
vitamin erythrocyte plasma  pyridoxal xanthurenic acid after
Bo transaminase phosphate erythrocyte TRY load quinolinic
transaminase stimula- acid pyridoxine 4-
tion erythrocyte pyridoxic acid
pyridoxal-P, plasma
pyridoxal
biotin blood biotin biotin
pantothe  erythrocyte serum pantothenic acid pantothenic acid
-nic acid  sulfanilamide erythrocyte pantothenic
acetylase acid blood pantothenic
acid
folate serum  folates eryth FIGLU after HIS load
. rocyte folates leucocyte urocanic acid after HIS
| . folates liver folates load
vitamin serum vitamin Bj2 FIGLU methyimalonic
B12 erythrocyte vitamin B2 acid

a
most useful paramecter
| relative dosc-response test

‘ C o
i a single large oral dosc
d gy . .

formininoglutamic acid
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vitamin

Vitamin

Vitamin

Vitamin

Vitamin

Vitamin

thiamin

Interpretive guidelines for assessing vitamin status

parameter

plasmab retinol, g/dl

Plasma’ 25-(OH)D3c
ng/ml plasmab alk, P-
ase.u/ml :

Plasma®
a-tocopherol, mg/dl

clotting time, min.
prothrombin time, min.

plasmab ascorbic  acid,
mg/dl -

leucocyte  ascorbic
acid,mg/dl

whole blood ascorbic
ac.,mg/dl

urinary  thiamin,”  g/g
creat.

urinary thiamin, p /24
hrs.

age

group

<Smo.
5-17 yrs.
adult

all  ages
infants
adults

all ages
all ages
all ages
all ages
atl ages

1-3 yrs.

4-6 yrs.
7-9 yrs.

10-12

yIS.
13-15
yIS.
adults
pregnant
Ind trim.
Jrd trim.

adults

values, by category of status
(risk)

deficient low(mo

(high derate
risk) risk)
<10 10-19
<20 20-29
<]O_ 10-19
<3 3-10
>390 298-390
<40 40-56
<35 .35-80
>10
<20 20-.30
<8 8-15
<30 .30-.50
<120 120-175
<85 85-120
<70 70-180
<60 60-180
<50 50-150
<27 27-65
<23 23-55
<21 21-50
<40 40-100

accepta
ble (low
risk)

>20

>30

>20

>10
99-298
57-99
> 80

ca. 10

>.50
>175

>120
>180
>180

>150

>65

>55
>50
>100




‘normal prothrombin times are 12-13 sec., with gre

urinary thiamin, p g/6 adults <10 10-25 >25
hrs.
urinary thiamin after adults - <20 20-80 >80

thiamin load, pg/4 hrs.

erythrocyte transketolase adults >25 15-25 - <15
stimulation by TPP"8 '

*from ICNND, 1963. Manual for Nutrition Surveys, 2nd e, U.S.Gov. Printing
Off,, Washington, D.C., 327 pp.; Sauberich HE.. J H. Skala and R.P.Dowdy, 1974,
Laboratory Tests for the Assessment of Nutritional Status, CRC Press,Cleveland,

136 pp.; and Gibson, R.S. 1990 Princi ples of Nutritional Assessment,Oxford Univ.
Press, New York, 691 pp.

Yor serum “subject to effects of season and gender

Results vary according to assay conditions:most assays are designed such that

ater values indicating suboptimal

vitamin K status. *single oral 2 mg dose thiamin pyrophosphate Ythe *TPP effect’.

Interpretive guidelines for assessing vitamin status (part 2)

values, by category of status

_ (risk)*
vitamin parameter B¢ o
‘ par: group deficient low acceptable
: (high (moderate (low
‘ l'i;l() risk) risk)
riboflavin  urinary nboflavin, g/g 1-3 yrs. <150 150-500  >500
creat.
4-6 yrs. <100 100-300  >300
7-9 yrs. <85 85-270 >270
10-15 yrs. <70 70-200 >200
adults 27-80 80
pregnant
2nd trim. <39 39-120 >120
3rd tim. <30 30-90 >90
urinary riboflavin,p g/24 adults <40 40-120 >120
~ hrs. '
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niacin

Vitamin

Be

urinary riboflavin,jg/6
hrs.

urinary riboflavin after
riboflavin loadb, g/4
hrs.

erythrocyte  riboflavin,
ne/d

erythrocyte glutathione
red. stimulation by
FAD® %

urinary N-
methylniocotinamide
Lg/g creatinine

urinary N-
methylnicotinamide
1g/6 hrs.

Urinary 2—pyridone4/N-
methyl nicotinamide
ratio ’

plasma pyridoxal-P.nM

urinary pyridoxine pg/g
creat.

urin.  4-pyridoxic  ac.,
mg/24 hrs.

adults

adults

adults

adults

adults
pregnant

2nd trim.
3rd tnm.

adults

all ages

all ages

1-3 yrs.

4-6 yrs.
7-9 yrs.
10-12 yrs.
13-15 yrs.
adults

adults

<10

<1000

<10.0

>40

<.6

<38

10-30

1000-
1400

10.0-14.9

20- 40

S5-71.6

<1.0

>30

>1400"

>14.9

<20

>1.6

>2.0
>2.5

>.6

. ‘—.-. .M. . . ' ‘




urinary xanthurenic acid adults >50 25-50% <254

after TRY ,loadb,mg/24 :

hrs. '
. d d d

urinary 3-OH- kynuren- adults >50 25- 50 <25

ine after TRY
load,mg/24 hrs.

urinary kynurenine after, adults >50¢ 10-s0¢ . <10¢ f
TRY load,mg/24 hrs. i
quinolinic acid after adults >50 25-501 <25¢

TRY load® mg/24 hrs. |
erythrocyte alkanine adults- z >254 525d |
aminotransferase .
stimulation by PalPh,% !
erythrocyté aspartate adults . >509 SSOd

aminotransfer?se
stimulation by PalP" %

*from ICNND, 1963, Manual for Nutrition Surveys, 2nd ed., U.S. Gov.
Printing Off., Washington, D.C, 327 pp.; Sauberlich, HE., JH Skala and
R.P.Dowdy,1974. Laboratory Tests for the Assessment of Nutritional Status, CRC

Press, Cleveland, 136pp.; and Gibson,R.S. 1990 Principles of Nutritional Assessment,

Oxford Univ. Press, New York,691 pp. bsingle 2¢ oral dose “flavin adenine

dinucleotide, reduced form, 1-3mM IN- methyl-2 pyridone-5S-carboxamide.

Interpretive guidelines for assessing vitamin status (part 3)

values,by category of

status(risk)
Vitamin Parameter age . acceptab
group deficient  low le
(high  (modera I
risk) te risk) ('ow
risk)
biotin urinary bio[in,ug/24 hrs. adults - <|Ob 10-25b >25b
whole blood biotin,ng/ml adults <.4® 48P >.8b_
pantothenic plasma® pantothenic adults d <6 - 26b..
acid acid,pg/dl

T



folate

Vitamin
B12

blood pantothénic acid,pg/dl
urinary pantoth. ac.,1g/24 hrs.
plasma® folates,ng/ml
erythrocyte folates,ng/ml
leucocyte folates,ng/ml

urinary FIGLU® after HIS
load" mg/8 hrs.

plasma® vitamin Bi2,pg/ml

urinary methylmalonic acid
after VAL loadb,mg/24 hrs.

urinary excretion of a
radiolabelled vitamin B3
dose after vitamin Bj2
flushing dose,%

adults
adult;
all ages
all ageé
all ages

adults
all ages

adults -

adults

<goP

<]

3-6

140-160

b

<60

5-5

100-50

0

>80°
b.1
>6

>160
>60 -

<5111

>150"

>8

® 6 006 &

*from ICNND, 1963. Manual for Nutrition Surveys, 2nd ed., U.S.Gov.Printing
Off., Washington, D.C. 327 pp.; Sauberlich, HE., J.H. Skala and R.P.Dowdy. 1974.
Laboratory Tests for the Assessment of Nutritional Status, CRC Press, Cleveland,

136 pp.; and Gibson, R.S. 1990 Principles of Nutritional Assessment. Oxford Univ.
Press, New York, 691 pp. These values have only a small data base and, therefore,
are tentative, or sarum data base is insufficient to support a guideline Normal values
are ca. 100 mg/dl. Normal values are 2-4 mg/24 hrs. formininoglutamic acid l]single
oral 2-30 mg dose Normal adults excrete 5-20 mg/S hrs. Most healthy persons show
200-900 pg/ml. bsingle oral 5-10 g dose "This is the Schilling Test; it involves
measurement of labelled vitamin Bz excreted from a 5-2 mg tracer dose after a

large flushing dose (e.g, 1 mg) given 1 hr. after the tracer.

Estimated vitamin reserves of human adults:

reserve capacity

3-5 years

1-2 years

vitamins
vitamin Bj?

vitamin A
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3-4 months folate

2-6 weeks vita.min D riboflavin
vitamin E vitamin By
vitamin K choline
vitamin C

4-10 days thiamin pantothenic acid
biotin
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Overview of Vitamin A Nutriture and Metabolism

Dr.R.Manorama
Assistant Professor, PGRC, H.Sc., Hyderabad-30

Humans are incapable of synthesizing vitamin A-
active substances; therefore, vitamin A must be obtained
from the diet. The most .important sources of vitamin A
are preformed vitamin A |, found mainly in animal
products such as liver and meat, and the biologically
active carotenoids,obtained mostly from brightly colored
fruits and vegetables, 1i.e., papaya, carrots and squash
(1). Because of the fat-soluble nature of vitamin A, it
is treated in the gut as a lipid.Dietary retinyl esters,
retinol and provitamin A carotenoids (mainly B-carotene in
the human diet) are dispersed. and emulsified in the
stomach. Then they pass into the duodenum, where the
retinyl esters are hydrolyzed by a nonspecific pancreatic
lipase (2,3). The retinol and B-carotene are solubilized
in mixed micelles allowing them to reach the microvillus
membrane. Absorption of retinol and /B—Carotene probably
takes place by passive diffusion (4). :

After absorption into the mucosal cell, the B-
carotene is cleaved by dio 'ygenase to retinaldehyde, which
is subsequently reduced to retinol. The retinol is mostly
reesterified with long chain fatty acids, predominantly
palmitic and stearic acid. These retinyl esters are
incorporated by mucosal cells: into the core lipid of

chylomicra. The chylomicra are transported through the
lymphatic system via the thoracic duct into the plasma. In
the plasma, the chylomicra acquire specific

apolipoproteins (apo C and apo Ej from plasma high-density
lipoproteins. Apo C activates the enzyme lipoprotein
lipase to hydrolyze .the chylomicron triglycerides.
Ultimately, this process 1leaves a smaller particle
called a chylomicron remnant. The retinyl esters are
almost entirely retained in the chylomicron remnant.The
apo E on thechylomicron remnant is responsible for its
rapid hepatic uptake (5).

Hepatic uptake of the chylomicron remnants most
likely ~occurs through receptor-mediated . endocytosis.
Inside the hepatic cell, lysosomal degradation of the
remnant occurs along with retinyl ester hydrolysis. After
ester hydrolysis, the free retinol can be reesterified
(6,7), predominantly to form retinyl palmitate; bound to
retinol binding protein (RBP), which is secreted into the
plasma;or converted.to other metabolites (8).

¥
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Assessment of Vitamin A Status

Vitamin A status can be divided into five
categories: deficient, marginal, satisfactory, subtoxic
and toxic.Liver retinol concentrations characteristic of
the deficient, marginal and satisfactory states are <17

nmol/g (<5 ug/g), 17-66 nmol/g (5-19 ug/gl) and >70nmol/g
(>20 ug/g), respectively (9). .

Subtoxic and toxic states can not be
appropriately characterized by liver reserves. Assessment
of vitamin A status is difficult because of the manner in
which the vitamin is stored, circulated and metabolized.

Vitamin A deficiency continues to be a major
health concern especially among preschool children in less
industrialized nations. Annually, 20,000 to 100,000 new
cases of preventable blindness caused by hypovitaminosis
A occur in the world today (10,11).Mortality among = young
children has also been reduced by programs which provide
vitamin A supplementation (12, 13).

The nutritional indicator for vitamin A status
has been defined as the total body content of retinol,
with the minimal acceptable reserve set at 70 nmol/g (20
ug/g) of liver. Under most cgprcumstances, the liver has
been found to contain 90% or more of the total body
vitamin A (14).

The general term used for vitamin A-dependent
ocular involvement is "xerophthalmia", meaning "dry eye"
(Greek). The world Health Organization has classified
xerophthalmia into primary and secondary signs. According
to this classification, the primary signs include
conjunctival xerosis (X1A), Bitot’s spot with ' conjuctival
xerosis (X1B), corneal xerosis (X2), corneal ulceration
with xerosis (X3A) and keratomalacia (X3B).

The secondary signs, which are derived from
vitamin A deficiency but may have other causes, include
nightblindness - (XN), xerophthalmia fundus (XF) and

corneal scars (XS) (15).

Although vitamin A deficiency can be assessed by
classical eye signs of xerophthalmia, a marginal status is
more difficult to detect. In the past, serum retinol
concentration has been used:; however, serum retinol 1is
homeostatically controlled throughout a wide range of
liver values. Serum retinol concentration is only
diagnostic when it fall below 0.35 umoles/1 (10 ug/dl) or
above 1.4 wumol/l1 (40 ug/dl). Thus, it is not a good

‘general indicator of vitamin A status because it does not

[
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decrease significantly until liver reserves are very low

(1).

Techniques which detect marginal vitamin A status

“before clinical signs are manifested are of significant

value. In this regard, several techniques for the
assessment of vitamin A status other than clinical
deficiency have been developed. The most accurate
indicator is analysis of liver 'samples obtained at autopsy
or by surgical and needle biopsies (16-18). However, the
application of this method is only possible in special,
justifiable situations and is not appropriate in field
studies.

Other indicators that have been developed to
determine the vitamin A status of an individual include
the conventional relative dose response (RDR) assay, the
modified relative dose response (MRDR) assay,
conjunctival impression cytology (CIC), isotope dilution,
and rapid dark adaptation testing.

Hatchell and Sommer have developed a technique
to determine the prevalence of goblet cells on the bulbar
conjuctiva (19). This method is commonly called
conjunctival impression cytology (CIC).During vitamin A
depletion, the number of goblet cells decreases in various
tissues, including the conjuctiva (20, 21). The method
involves taking a cellulose acetate filter paper
impression of the bulbar conjuctiva. These impressions
are examined by light microscopy to observe the number of
goblet cells and the number of enlarged epithelial
cells.Hatchell and sommer (19) found that the goblet cell
population decreased and the number of enlarged epithelial
cells increased before clinical signs of xerophthalmia
appeared. Thus, by using this relatively non invasive
technique, ocular surface abnormalities due to.vitamin A
deficiency can be detected before clinical siagns of
xeroohthalmia appeared - o :

Thronton developed a method to measure the rapid
dark adaptation time of individuals (22). The test, done
under night time 1lighting conditions, mesures the time
that it takes for a subject to sort a pile of white, blue
and red chips with 100% accuracy.Vitamin A-depleted
subjects tend to take longer to sort the chips than normal
subjects. This method correlates well with the classical
dark adaptation test in some studies (23,24), but not with
plasma retinol concentrations in another investigation.The
coefficient of variation is also quite large.




Another approach to vitamin A status assessment
which holds great potential is the use of an isotope-
dilution assay.Severa% groups have studied the use of
radioactive tritium (°H)-labeled vitamin A in rats, sheep
and cattle (25-28) with promising results. Tritium has
dlso been used in humans (28, 29), but without
verification by liver analysis.A ‘non-radioactive
deuterated analogue of vitamin A has been used to assess
total body stores of wvitamin A in humans (30): the serum
ratios of 1labeled to unlabeled (D/H ratios) can be
determined using capillary gas chromatography-mass
spectrometry (GC-MS) (30, 31). This study has been
verified with analysis of surgical liver biopsies.

Biochemical Basis for Using Dose Response Tests as
Indicators of Vitamin A Status

In the liver, apo—retiﬁol binding protein (apo-
RBP) synthesis is not controlled. Therefore during vitamin
A depletion, apo-RBP accumulates in the 1liver (33).

Allthough retinol is the preferred ligand, 3,4-
didehydroretinol binds to apo-RBP in the liver and the
holo~RBP complex then circulatees 1in the plasma.
Moreover, after a suitable oral dose,retinol or

dehydroretinol should appear in significant amounts in the
plasma only when endogenous liver retinol concentrations
are indequate i.e., when liver reserves of vitamin A are
<70 nmol/g <20 ug/g).

Relative Dose Response Test

The relative dose response test was developed in
rats Dby Underwood and her coworkers (37). This technique
has since been applied to human populations with
.encouraging results (16, 38-41).

The relative dose response (RDR) test is a good
indicator of marginal vitamin A status. The RDR assay has
been validated in humans using direct measures of 1liver
vitamin A (16, 39). After a small oral dose of retinyl
ester or dehydroretinyl ester is given, the holo-RBP is
released into the serum from the liver and transported to
target tissues. The response of the individual to this
dose of vitamin A is measured in the serum 5 hours after
administration of the dose.

The RDR involves giving a standard oral dose of
450 ug (1.57 umol) of retinol equivalents dissolved in oil

(38). The dose has also been given intravenously as a
water-dispersed suspension to children with liver disease
(39). Two blood samples are taken, at time 0 and 5 hours

after the dose. After lipid extraction of the serunm




samples, the serum vitamin A concentration is measured by
use of high-performance liquid chromatography (HPLC) or

a suitable colorimetric method. The response is measured
in the serum as a percentage (AS-—AO)/A5 X 100%), where A
is the serum retinol concentration % hours after the dose
and A, is the concentration at time 0. Theoretically, the
value can be 0 to 100%. A response of 20% or higher is

~indicative of inadequate liver reserves (<0.07) umol/g

liver; <20 ug/g liver) (16).

If the RDR value is > 20%, the subject is almost
certainly in marginal vitamin A status. To determine if
children in a particular village are at risk, marginal
status can be assessed in a sub population. Thus, only a
representative number of children need be studied to make
suitable public health judgements about vitamin A status

-in a population. After analysis, supplements can be made

available to residents of villages who have a high
incidence of positive RDR values typically, a dose of
50,000 IU-200,000 IU every six months dependent on age, is
enough to lower the morbidity and mortality associated
with marginal vitamin A status in preschool children.
Tentatively, a public health problem might be assumed to
exist if 20% of a population of preschool children show
abnormal RDR >20% values.

The RDR test has been used with success in
serveral studies, including - France (39), Brazil
(38),Thailand (40) and Belize (55).Flores et al. (38)
used the RDR test at four different times to determine the
effectiveness of supplementing children with vitamin A.
The RDR value in an individual reverts to normal soon
after supplementaticn, but then becomes . abnormal again
when liver stores are depleted.

The Modified Relative Dose Response Assay

The modified relative dose response (MRDR) assay
is similar to the relative dose response (RDR) assay. An
analog of retinol (R), 3,4-didehydroretinol (DR), is used
as the indicator in the MRDR test. Dehydroretinol is found
naturally in fresh water fish and has also been identified
in human skin. Because dehydroretinol is a biologically
active, naturally occuring analog of retinol, its use as a
probe of vitamin A status is more attractive than the use
of synthesized derivatives, i.e., deuterated, tritiated
and chlorinated (35) vitanmin A.Thaitawee and Tosukhowong
first suggested the use of 3,4-didehydroretinol as an
indicator of vitamin status (36). They observed that the
ratio of dehydroretinol to retinol in the serum, 24 hours
after a dose of vitamin A, was inversely related to the
amount of vitamin A stored”in the livers of experimental
rats (32, 42-46). A single dose of 3,4-didehydroretinyl
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acetate in 0il is given orally. Like R, DR binds to

accumulated apo-RBP in the liver and is released into the
serum as holo-RBP. A molar ratio of dehydroretinol/retinol
(DR/R) in serum is determined 4-6 hours after dosing.

MRDR values theoretically can range from 0 tocC.

Specifically, the MRDR assay involves first
giving children a single oral dose (100 ug/kg body
weight) of 3, 4 didehydroretinyl acetate dissolved in an
0il and them taking a 'single venous blood sample 4-6

hours later. After the serum is extracted = with
ethanol /hexane, retinol (R) and dehydroretinol (DR) in an
aliquot are measured by high~performance liquid

chromatography (HPLC). The monitoring wavelength of the
detector is set at 350 nm, which optimizes the measurement
of DR. Standards of both R and DR of known concentration
are wused to calibrate the HPLC system. Thereby, a molar
ratio of DR to R can be calculated. A DR/R molar ratioc of

20.030 1is generally indicative of a marginal vitamin A
status (32).

Children with DR/R ratios of >0.03 are judged to
be 1in a marginal vitmain A status. The suggested cutoff
value of 0.030 requires further validation. Tentatively,a
public health problem might be assumed to exist if >20% of

a population of preschool children show . abnormal
(>0.030) MRDR ratios.

Currently, the MRDR has been validated in rats of
varying . vitamin A status by directly measuring liver
stores of R (42-44). The MRDR has been applied to two
populations of children. Americans (45) and Indonesians
(32). Fewer than 10% of Americans showed DR/R ratios >
0.030 (45). The ratio decreases to <0.030 after treatment
with retinol.Although the Indonesian children (n=53) did
not show any overt signs of clinical vitamin A deficiency,
more than 60% tested in a general survey had DR/R ratios
<0.030 (32).When a subgroup of the same children were
given therapeutic doses of vitamin A (200,000 1IU), the
DR/R ratios dramatically decreased (Tanumihardijo, $.A and
Muhilal H., unpublished observations).

Advantages and Constraints of the Dose Response Tests

The dose response tests are good indicators of
the individual’s vitamin A status. The effects of
confounding factors, such as infectious disease and
moderate protein-calorie malnutrition, on serum retinol
concentrations are minimized by use of response tests. For
analysis in the RDR, investigators have a choice of using
either HPLC, which is a fairly widespread technique, or
any suitable colorimetric or photodegradative assay. The
latter methods require much simpler instrumentation.




The major drawback of the RDR is that two blood
samples are required. In some cultures, it is difficult to
obtain blood samples. Thus, the need to ontain two samples
at a 5-hour interval can pose large logistic and cultural

. problems. Also, the need to analyze two blood samples to

obtain a single human value can become onerous.

The MRDR offers several advantages over other
procedures. It is a naturally occurring form of vitamin A
found predominantly in freshwater fish, but also to a
small extent in mammalian tissues, including the human.
DR has approximately 40% of the biological activity of
retinol. Only one blood sample is required and the serunm

samples can be frozen and stored for analysis. The
required HPLC instrumentation, although costly and
sophisticated, is fairly widespread around the world.By

employing the ratio . of DR/R in a single sample, the
effects of storage on vitamin A stability and of sample
extraction efficiency are minimized. The MRDR can be
validly repeated approximately one week after a
therapeutic dose of vitamin A. The other advantage is
that children can be dosed in the morning at their homes
and brought to the clinic or the survey site several hours
later for the sampling. ’

On the other hand, the MRDR assay has several
constraints. DR is not stable once it is extracted from
the serum. Therefore, one must exercise extreme care to
protect the extracts from light and to inject them as
soon as possible onto the HPLC system. Because DR-acetate
currently 1is not available commercially, it must be

synthesized (42, 46) or isolated from fish liver

oils.Also, blood must be analyzed using HPLC, which may
pose various limitations in some institutions.

Thus, the MRDR holds considerable promise as a
minimally invasive technique by which a marginal vitamin
A status can be detected in individual children before
clinical manifestations appear. Correlation of MRDR values
in individuals with their liver vitamin A concentrations
would be useful in defining the least ratio to be used as

a cutoff between a marginal and satisfactory vitamin A
status.
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Table 41—16. Essential fat-soluble vitamins: !

Vitamin/Provitamin!

Metabolisim?

Active Metabolite:
Physiologic Function

Vitamin A X
Provitamin: f-caro-
tene
Vitamin: retinol

Transported in lymph
as retinyl esters in
blood bound to reti-
nol-binding protein-
and prealbumin.

11-Cis retinal: constit-
uent of rhodopsin and
other .ight-receptor
pigments. Unknown
metabolite(s) (retinoic
acid?): required for
growth and differen-
tiation of epithelial,
nervous, and bone tis-
sues,

Vitamin D

Provitamins: ergos-
terol (plants,
yeast) and 7-de-
hydrocholesterol -
(skin) .

Vitamins D, {ergo-
calciferol) and
D3 (cholecalcif-

Provitamins converted
to vitamins by ultra-
violet irradiation. Vi-
tamins hydroxylated
inliver to 25-hydroxy-
vitamin D and in kid-
ney to 1,25-dihy-
droxy-vitamin D and
other metabolites.

1,25-Dihydroxy-vita-.
min Dy is major hor-
monal regulator of
bone mineral (calcium
and phosphorus) me-
tabolism,

erol)
Vitamin E Generally unknown, Active metabolite un-
tocopherols known, Functions as
- an antioxidant,
Vitamin K Generally undefined.

Ky (phyl'c quinone),
K3 (menequinone),
othe-s

Active metabolite un-
known but probably
hydroquinone derjva-
tive. Activates blood
clotting factors I, VH, |

IX, and X by y-car-

b(_)xy_lating glutamic
acid residues: also car- 1'
boxylates bone and |
kidney proteins.

&

Cg >
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ASSESSEMENT INDICATORS OF VITAMIN A STATUS
Dr.R.Manorama T
Assistant Professor, PGRC, H.ScC. Hyderabad-30

Liver samples

The nutritional indicator for vitamin A status
has peen defined as the total body content of retinol,
with the minimal acceptable reserve set at 20 ug/g of
Under most circumstances, the liver has been

liver.
90% or more of the total body vitamin A.

found to contain

Vitamin A status can best be divided into five
categories: deficient, marginal, satisfactory, subtoxic
and toxic. Liver retinol concentrations characteristic
of the deficient, marginal and satisfactory states are <5

ug/g, 5-19 and 220 ug/g, respectively.

Subtoxic and toxic states can not be appro-
characterized by liver reserves. Asssement of

A status is difficult because of the manner in
and metabolized.

priately
vitamin
which the vitamin is stored, circulated

Xerophthalmic signs of deficiency

The general term used for vitamin A-dependent
ocular involvement is "yerophthalmia, . meaning ‘'dryeye"
(Greek). The world health organization has classified
xerophthalmia into primary and secondary sidns.

according to this classification, the primary
signs include:

Conjuctival zerosis (XIA)

Bitot’s spot with conjuctival xerosis (XIB)
Corneal zerosis (X2)

Corneal ulceration with xerosis (X3A)
keratomalacia (X3B)

U W N
« o s s e

The secondary signs, which are derived from vitamin
A deficiency but may have other causes,include:

1. nightblindness (XN)
2. xerophthalmia fundus (XF)
3. corneal scars (XS)

conjuctival Impression Cytology (micro xerophthalmia)

Hatchell and Sommer have developed a technique
to determine the prevalence of goblet cells on the bulbar
conjunctiva. This method is comonly called conjuctival

a
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impression cytology (CIC). The number of goblet cells
decreases in various tissues during . vitamin A
depletion, including the conjuctiva.

The method involves taking  a cellulose
acetate filter paper impression of the bulbar
conjuctiva. These impressions are examined by light
microscopy to observe the number of goblet cells and the
number of enlarged epithelial cells. |

The goblet cell population decreased and the
number of enlarged epithelial cells increased before
clinical signs of xerophthalmia appeared. Thus, by using
this relatively noninvasive technique, ocular surface
abnormalities due to vitamin A deficiency can be detected
before xerophthalmia is evident. :

- Marginal Vitamin A status

Although vitamin A deficiency can be assessed by
classical eye signs of xerophthalmia, a marginal status is

-more difficult to detect.

In the past,serum retinol concentration has
been used; however, serum retinol is homeostatically
controlled throughout a wide range of liver values.
Retinol concentration is only diagnostic when it falls
below 0.35 umoles/L (10 ug/dL) or above 1.4 umol/L (40
ug/dl). :

Thus, it is not a good general indicator of
vitamin A status because it does not decrease
significantly until liver reserved are very low.

Techniques which detect marginal vitamin A
deficiency before clinical signs are manifested are of
significant value. In this regard, several techniques for
the assessment of vitamin A status other than clinical
deficiency have been developed. A

Rapid dark adaptation

Thornton developed a method to measure the rapid
dark adaptation time of individuals. The test, done under
nighttime lighting conditions, measures the time that it
takes for a subject to sort a pile of white, blue and
red chips with 100% accuracy.Vitamin A-depleted subjects
tend to take 1longer to sort the chips than normal
subjects.

A dark adaptometer uses a regular 100 W 1light
blub. When . the 1light blub is on, a white sphere is
illuminated. After 2 nminutes of bleaching the eye, the

000000000 COCOGOSOEOGOOEOGOEOEONOEOEOEEOSOEOOOEOTOTO"OTS
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light goes off and a screen opens up. On the screen is
a single 1letter. A timer starts when the light goes

off.The time when the child correctly identifies the
letter is noted.

This technique has been used in children 6 years
and older.

The theory behind Dose Response tests

In the liver, apo-retinol binding protein (apo-
RBP) synthesis is not controlled.Therefore during vitamin
A depletion, apo-RBP accumulates in the liver.

Although retinol is the preferred 1ligand, 3, 4-
didehydroretinol (dehydroretinol, vitamin A5) is a
suitable signal for RBP release.Thus, the retinol or
or 3 ,4-didehydroretinol binds to apo-RBP in the liver
and the holo-RBP complex then circulates in the plasma.

Moreover, after a suitable oral dose,retinol or
dehydroretinol should appear in significant amounts in
the plasma only . when endogenous liver retinol

concentrations are inadequate, i.e., when liver reserves
of wvitamin A are <20 ug/g.

Relative Dose Response Test

The relative dose response (RDR) test is a
good indicator of marginal vitamin A status.The RDR

assay has been validated in humans using - direct measures
of liver wvitamin A. -

The RDR involves giving a standard oral dose
of 450 ug (1.57 umol) of retinol equivalents dissolved
in oil.The dose has also been given intravenously as a
water-dispersed suspension to children with liver disease.

Two blood samples are taken at time 0 and 5
hours after the dose.

After 1lipid extraction of the serum samples,
the serum vitamin A concentration is measured by use of

high-performance 1liquid chromatography (HPLC) or or a
suitable colorimetric method.

The response is measured in the serum as a
percentage (AS—AO/AS ®x 100),where Ag is the serum retinol
concentration 5 hours after the dose and A, 1s the
concentration at time 0. Theoretically, the value can be
0 to 100%. A response of 20% or higher is indicative of

inadequate liver reserves (<0.07 umol/g liver; <20 ug/g
liver). '

I l- e — caa s
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The RDR test has been used with suscess in

several studies, including France, Brazil, Thailand and
Belize.

‘The Modified Relative Dose Response Assay

An analog of retinol (R),3, 4-didehydroretinol
“(DR), is used as the indicator in the MRDR test. A
single dose of 3, 4-didehydroretinyl acetate in oil is
given orally. A molar ratio of dehydroretinol/retinol
(DR/R) in serum is determined 4-6 hours after dosing.
MRDR values theoretically can range from 0 to«g.

Specifically, the MRDR assay involves first
giving children a single oral dose (100 ug/kg body
weight) of 3,4-didehydroretinyl acetate dissolved in an
oil and then taking a single venous blood sample 4-6

hours later. After the serum is extracted with
ethanol /hexane, retinol (R) and dehydroretinol (DR) in
an aliquot are measured by high-performance liquid

chromatography (HPLC) .

Children with DR R ratios of >0.030 are judged
to be in a marginal vitamina status. The suggested cutoff
value of 0.030 requires further validation.Tentatively, a
public health problem might be assumed to exist if >20% of

a bopulation of preschool children show abnormal
(>0.030) MRDR ratios.

30 days response test

This test is used mainly for assessment of
populations. Two blood samples are also needed for this

test at 0 time and 30 days after a massive dose
(200,000 1U).

Typically a shift in population serum A has been
observed.

Deuterated vitain A assay and/or tritiated

Isotope dilution assays using heavy vitamin A
and mass spectrometry have been conducted.

Several grgups have studied the use of
radioactive tritium ("H) - labeled wvitamin A in rats,
sheep and cattle with promising results. Tritium has

also been used in humans, however, without verification
by liver analysis.

Furr and coworkers have suggested the use of
the non-radioactive deuterated analogs of vitamin A in
place of the tritiated analogs. The serunm ratios of




labeled to unlabeled (D/H ratios) can be

using capillary gas chromatography-mass
(GC-MS). These studies have been

of surgical liver biopsies.

determined
spectrometry
verified with analysis
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HPLC ESTIMATION OF SERUM RETINOL

Dr.R.Manorama
Assistant Professor, PGRC, H.Sc. Hyderabad-30

A. ' EXTRACTION OF SERUM FOR RETINOL

. ‘- ‘\ .\ .1 ‘ .

The serum sample is treated with an equal volume
of ethanol or methanol to denature the serum proteins.an
internal standard, typically retinyl acetate, can either
be added to the serum directly as a known quantity in a
small amount of ethanol or can be added directly to the
alcohol phase used for extraction. The serum is then
mixed briefly. The serum is extracted two three times
with an equal volume of hexane.After hexane is added, the
sample 'is vortexed briefly and then centrifuged to
expedite layer separation. The organic layers are pooled
and evaporated to dryness under a stream of argon or
nitrogen. The sample is resuspended in a Known amount of
solvent suitable for HPLC injection.

Supplies: Ethanol

Hexane

Internal standard (retinyl acetate solution)

Inert gas (argon or nitrogen) for sample
concentration

Glass test tubes

1.5 ml microfuge tubes

1. Pipet 100-500 ul serum into glass test tube (the
amount of serum used depends upon the volume of the

g original sample). As little as 100 ul of serum has
‘ been used. Duplicates are recommended but not always
available.

2. Add 100-500 ul ethanol directly to serum (an equal
volume of the serum). Internal standard may be added
at this stage. Vortex 1 minute to denature proteins
(referred to as agueous phase).

3. Add 1000 ul hexanes to aqueous phase. Vortex 1 minute
to begin extraction of lipids (including retinol).
Centrifuge to expedite separation of phases. Carefully
transfer organic layer to microcentrifuge tube.
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4. Extract 1 or 2 more times with 500 ul hexanes (the
number of ' extractions will depend upon extraction
efficiencies and environmental conditions). In  more
tropical countries it is generally better to limit the
number of extractions to two. This shortens the time
of processing the samples.

5. Pool the hexane extracts and evaporate to dryness
under a slow stream of inert gas, 1i.e. argon or
' nitrogen. Take care to not splash the sample.

6. Redissolve the residue in 50 ul of appropriate solvent
(i.e., 4:1 isopropanol: methylene dichloride). vVortex
Centrifuge and keep sample cool until injection.

IV. HPLC ANALYSIS OF RETINOL AND 3,4- DIDEHYDRORETINOL

Separation of retinol and retinyl acetate depends
on partitioning between the stationary phase (column
packing) and mobile phase (solvent). Exact composition of
the mobile phase for optimum resolution in minimum time
will depend on the particular column used.

Supplies: Octadecylsilane (Clg) HPLC column,

with appropriate guard column

HPLC pump, injector, absorbance detector
Fecorder/integrator, HPLC fittings

Mobile phase (methanol: water, typically 95:5)

1. Filter the mobile phase through a 0.45 un Nylon 66
filter.

This removes particulates and degasses  the mobile
phase

2. Establish flow at 1.0 ml/min, and allow the column
packing to equilibrate and the detector to warmup.
Confirm that detector baseline is stable.

3. Inject standard (volumes within a range of 1 to 25 ul,
concentrations to cover the range of analytes
expected), to confirm that detector response is
linear. Confirm that all analytes of interest are well
resolved from one another, the solvent front, and any

other samples components.

4. Inject samples. |




V. DATA ANALYSIS

Construct a standard curve for each

analyte,
plotting peak versus amount of standard injected.
(Alternatively, peak heights may be used, 1if retention

times are consistent. Peak areas may be estimated as (peak

height) x (peak-width-at-half- height). Determine the
best-fit- straight line

Y = mx + b

using a calculator or computer program, or by eye if

necessary. (Y= peak area or peak height, x = nmass
injected, m= slope of the line, b = y-intercept of the
line). Confirm that the best fit line is linear over the

range of interest, and that it passes through or near the
origin (0,0).

Determine mass of sample from its peak area
preak height) either directl
relationship

(or
y from the graph, or from the

X = (y-b)/m

correct the analyzed mass for the fraction of
actually injected and the volume of serunm

extracted, and calculate the concentration in
plasma).

sample
(or plasma)
serum (or

;
:
:

..3.".....0.‘0..O.Q.Q.Q’Q‘.“‘Q-‘Q.




ESTIMATION OF CREATININE

_ Dr. Manorama
Assistant Professor, PGRC - H.Sc. Hyderabad-30

‘Principle

Creatinine reacts with alkaline picric acid
solution to form creatinine picrate which is yellow to
orange in colour and is read colorimetrically.

Reagents

1. 1% picric acid solution

2. 10% sodium hydroxide .

3. Standard creatinine: 1 gm creatine is dissolved in

sufficient amount of 0.1N HCl and made upto 1 litre,
to contain 1 mg/ml creatinine.

Procedure

Standard Experimental Blank
Urine - 0.25 ml -
Distilled H,0 - - 0.25 ml
Standard 0.5 ml - -
creatinine '
1% picric 20 ml 20 ml 20 ml
acid
10% NaOH 1.5 ml 1.5 ml 1.5 ml

Mix well and allow to stand for 15 minutes.
Dilute with water and make upto 100 ml. Mix thoroughly
and read the colour at 520 nm.

Calculations
Reading of mg of creatine in
standard standard Total
Creatinine = —-ce—me—e-o X —mmmemm e x output
(gm/dl) Reading of Vol. of urine of urine
' sample ' /day
1""*'.
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Interpretation

Normal daily excretion of creatinine in normal
adults ranges from 1.0 to 1.8 g, and may be considerably
higher under certain conditions. The value is nearly
constant from day to day, being influenced by diet, only
to the extent that the diet itself contains significant
amounts of creatinine, eg. a meat diet.

: Its excretion is not influenced by the level of
nitrogen metabolism in the body. It appears to be:
entirely a waste product and is excreted almost ,
quantitatively when ingested or injected. ’

The relative constancy of creatinine excretion on
a creatinine-free diet appears to reflect some constant
metabolic process involving body creatinine. Since the
bulk of the creatinine in the body is in the muscles,
there is a rough correlation between creatinine excretion
and that of muscle tissues. Obese individuals excrete
less creatinine relative to their body weight, than 1lean

individuals. The mg. of creatinine excreted daily per kg.
of body weight is known as Creatinine coefficient. It has
@ normal range of 19 to 30. If it is expressed as the

number of mg. of creatinine nitrogen excreted daily per
kg. body weight, the normal range will be 7 to 11.

Exercise may cause a small increase in excretion, as a

result of release from muscle stores. Excretion also A !
varies with age.

Urinary excretion is elevated in the early stages
of muscle wasting diseases, and falls to below normal
levels when the musculature becomes atrophic. It |is
increased in fever and is little affected by other
metabolic disorders. It has greatest wvalue in determining
the completeness of 24 hour collection or the rate of
blood flow through the kidney.

Reference : Hawk’s Physiological Chemistry (4th edition).
Ed. Bernard L. Osser p. 1233-37

ESTIMATION TOTAL SERUM PROTEIN & ALBUMIN RATIO

Introduction

A major function of plasma protein is to aid in

the normal distribution of water between blood and
tissues.
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Normal values of plasma proteins are as follows:

Albumin 4.6 - 6.7 g/dl
Globulin 1.2 - 2.3 g/d1l
Fibrinager 0.3 - 0.6 g/dl

Odema occurs when the total plasma proteins fall
below the critical level of 5.3 g/dl. Increased plasma
protein levels are noted in dehydration due to diminished
fluid intake eg. in diarrhoea, vomitting, excess burns).

Principle : The principle of Biuret reaction is used in
this method. The intensity of colour produced is
proportional to the number of peptide bonds and hence to
the concentration of protein. Cupric ions in an alkaline
medium forms a violet coloured complex with peptide
nitrogen. Biuret 1is formed by the condensation of two
molecules of urea when treated at 180°C (NH, CO NH CONH,) .

The minimum requirement for a positive test is
the presence of two peptide bonds in the molecule.

O
[

‘ |
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The differences in the solubility of albumin and

globulins 1in salt solutions are used advantageously in
their differential estimation.

Albumin is estimated in the supernatant after
precipitating the globulins with sodium sulphite.

Reagents

1. Biuret reagent : 45 g of sodiun, potassium, tartarate
in dissolved in 400 ml of 0.2 N NaOH. 15 g of CusS0,.5
H,O0 1in powder form is added to the solution by
s%irring. After the copper salt dissolvels 5 g of

Potassium Iodide is added and the solution made upto 1
litre with 0.2 N NaOH.

2. Standard protein solution

A solution of bovine albumin containing 2 ng.
protein/ml. ~

3. 28% sodium sulphate
4. 0.9% sodium chloride

compl
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Procedure

Pipette out 0.2 ml of serunm into a test tube.

Add 5.8 ml of 28% sodium sulphate solution. Mix by
inversion and allow to stand for 5 minutes. Filter

through Whatman No.44 dry filter paper for estimation of
albumin. Set up fo test tubes.

——————_——_——_—-_——_—.—.—.———_——————_—_.._._.--_...____._—__.__.._—_——-

Tube 1 Tube 2 Tube 3 Tube 4
Distilled H,0 3 ml - - -
Standard protein - 3 ml - -
solution :
Serum - - 0.1 ml -
0.9% Sodium - - 2.9 ml C -
chloride
Sodium sulphate - - - 3 ml
filtrate :
Biuret reagent 3 ml 3 ml 3 ml 3 ml

After 10 minutes, measure the colour in a
spectrophotometer at a wavelength of 540 nm.

Calculations _
(Subtract blank value (tube 1) from all values)

OD of tube 3 100 1
1. Total protein g/dl =  ———mo_____ X 6 X =-— X —-——-
OD of tube 2 0.1 1000
OD of tube 4 6 100 1
2. Albumin g/dl = mmemmmm—eee X 6 X = X === X —==o
OD of tube 2 3 0.2 1000
3. Globulin = Total protein - Albumin

Estimation of Riboflavin status by Erythrocyte Glutathione

o e ."“.“C‘"‘0“0“.—.“.—'—-.—-0~O-.~—O-—G—.f.~.~.—~—‘-‘-—.*Qmﬁh_‘__.__._C__*._C_..ﬂ_..,..___’:‘.

Reductase Activity

Ref: Rayoumi R.A. and Rosalki B. 1976.
Clin.Chem. 9. 33y
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Principle

Glutathione Reductase catalyses the reductlon of
~oxidised glutathione to reduced glutathione, which can be
measured by monitoring the oxidation of NADPH at 340 nm.

Glutathione
Ox Glutathione (GSSG) + NADPH + H 4 —————eme——m >
Reductase,
FAD

Red. Glutathione (GSH) + NaDppt

The activity is measured in the presence and

absence of added FAD and expressed as percentage activity
coefficient.

Reagents

1. Phosphate buffer pH 7.4

a) 2.722 g KH, PO, is dissolved in distilled water and
made upto 260 ni and stored at 4°c.

b) 22.8 g of K,HPO,.3 H 50 is dissolved in water and made
upto 1000 mi ané stored at 4°c.

The two components were allowed to reach roon
temperature. 100 ml of component (b) is taken in a beaker
and titrated with component (a) to a pH of 7.4 and stored
in a refrigerator at 4°c.

2. Sodium bicarbonate 0.1 M

8.4 g of NaHCO,5 was dissolved in distilled H,0

and made wupto 1 litre. It was prepared fresh every 14
days and stored at 4°c.

3. 50 mM GSSG solution’

155 mg of GSSG (sigma) is weighed into a small
beaker. 5 ml of distilled water and 50 ul of 0.8 M (32
g/1l) NaOH are added, mixed well and placed in an ice bath.
The solution has to be prepared fresh daily.

4. FAD solution (250 u mol/L)

1.0 mg of FAD (sigma) is dissolved in 5 ml of
distilled water and protected from light. It is prepared
fresh daily.

4




5. NADPH + H' solution (4 m mol /L)

33.2 mg of sigma NADPH was dossolved in 10 ml of
0.1 M NaHCO3 solution, mixed well and kept in an ice-bath.
It is prepared fresh daily.

6. Potassium-EDTA solution (80 m mol/L)

Preparation of Haemolysate

(To 200 ul of the frozen red cells, add 3.0 ml of
‘phosphate buffer. Mix well and centrifuge).

The capillary tubes containing erythrocytes were
cut at the phase of red cells and plasma. The portion
containing red cells was measured, and 200 ul of the cells
were crushed with a glass rod, and 3 ml of phosphate
buffer was added to it, and centrifuged for 15 minutes, to
separate out the crushed glass tube.

_Procedure

The tubes were set as follows

Reagent Tube 1 Tube 2
Phosphate buffer 2.00 2.10
Haemolysate 0.10 , 0.10
GSSG ' 0.10 0.10
FAD 0.10 -
EDTA 0.05% 0.05

The tubes were incubated at 37°C for 15 min.
following which 0.01 ml of NADPH + HY solution was added
to each tube. The reaction rate was constantly monitored
at 340 nm for 5 min and linear absorbance change was
measured with a 3 sec, dwell time. Haemoglobin was also
estimated by cyanmethhaemoglobin in 50 ul of hemolysate.

Calculation

One wunit of activity is expressed as u moles of
NADPH oxidised/hour/ml of red cells.

A = decrease in absorbance/min at 340 nm.

Molar Extinction coefficient of NADPH = 6.22 x 103

A X 2.45 x 16 x 60
EGR activity = —cmmee X A x 3781 u/ml

Snem, o




stimulated activity and activity coefficient in the ratio
of stimulated to basal activity.

A =

Results should be expressed as basal and

Decrease 1in absorbance in one minute at 340 nm.
Activity coefficient (A.C.) 1is the ratio of
stimulated to basal activity.

Reduction in absorbance with added FAD

Reduction in absorbance without FAD
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_HAFMOGLOBIN

CYANMETHAEMOGLOBIN

PRINCIPLE

Hb is converted into Cyanmethaemoglobin by the addition of
KCN and ferricyanide. The color of cyanmethaemoglobin is read in
a8 photoelectric colorimeter at 540nm against a standard solution.

Since cyanide has the max. affinity for Hb this method estimates
the total Hb. .

Reagent:

Drabkin’s solution:- Dissolve 0.03g of KCN, 0.20g of potassium

ferricyanide and 1.00g of sodium bicarbonate in 11it of distilled
water.

Procedure:

Blood 20 ul is transferred with the help of a Hb pipette
into a test tube containing 5 ml of Drabkin’s solution. The tubes
are mixed and reading taken in a photoelectric colorimeter(Klett-

Summerson) using 54 filter. The reagent blank (Drabkin’s diluent)
is adjusted to zero.

Construction of a standard curve:

(1) Since the amount of iron present in Hb per unit weight is
constant, one can Calculate the Hb conc. of a given blood
sample by determining its iron content. This blood sample
can be used as a reference standard for Hb estimation.

(ii) A standard curve can also be constructed by using the stan-

dard Cyanmethaemoglobin solutions(supplied by BDH or V.p
Chest Institute, Delhi).

Standard v Drabkin’s

Hb conc
solution(ml) diluent(ml) (%)
5 0 100
5 2.5 67
5 | 5.0 50
5 7.5 40
5 10.0 33




The suppliers of the standard solutions mention the conc.
of the standard on the ampoule. The corresoponding blood Hb in
g/100 ml can be obtained by multiplying the concentration on the-
ampoule by the dilution factor (251)

Note

1) Drabkin’s solution should be stored in amber colored bottle.
If any precipitate is formed, the reagent should be discarded.

2) Since the dilution is enormous(251 times) accurate measurement
of 20 ul of blood is absolutely essential for reproducability.

Hb pippettes must be checked for their accuracy by weighing
pure mercury upto the mark.

Reference

Practical haematology, J.V. Dacie and S.M.Lewis(Eds),Churchill
Livingston, V Edition P 32 (1975)

Filter paper technigue

The CMH method has been modified to suit the needs of field
investigations. 20 ul of blood are measured accurately by a Hb
pippette and delivered on to a Whatman No.l1 filter paper disc.

The filter paper is air dried,labelled and brought to a labora-
tory.

In the laboratory the portion of the filter paper containing
the blood is cut out and dipped in 5 ml of Drabkin’s solution in
a test tube. After 30 minutes, mix the contents on a vortex
mixture and take the readings with 54 filter as described above.

The filter paper disc containing blood can be stored upto one
week.

Reference

Annual report, NIN, P 153 (1974)
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clinical Assessment

Dr. Uma Reddy
Assoclate Professor
Dept. of Foods & Nutrition, College of Home Science
andhra Pradesh Agricultural University, Hyderabad-30

Clinical assessment consists of a routine medical
history and a physical examination to detect physical
signs and symptoms associated with malnutrition by a
qualified examiner. These assessment procedures are
normally used in a community nutrition surveys and they
are useful during the advanced stages of nutritional
depletion. Many of the critical physical signs are non-
specific and must therefore be interpreted in conjunction
with laboratory, anthropometric and dietary data before

specific nutritional deficiency can be identified.

The physical examination for clinical assessment,
as defined by Jelliffe (1991) examines "those changes.
pelieved to be related to inadequate nutrition, than can
be seen or felt in superficial epithelial tissue,
especially in skin, eye, hair and buccal mucosa or in

organs near the surface of the body".

These physical signs indicate the nutrient
deficiency, and when used to determine the nutritional
status, one should take into account atleast two caveats.

1. The leisions appreciable on physical examination are
among the very last to appear during the development
of malnutrition; therefore the physical examination
cannot be relied upon to reveal the early stages of

malnutrition.

2. Tissues have very limited ways of responding to
trauma, illness oOr deficiencies, thus many signs
observable on physical examination are non-specific,
definitive diagnoses of nutritional deficiencies
should always be based on the aggregate of data

available. ,
Limitations of the physical examination

Clinical assessnment is generally done by a
clinician in a hospital, whereas in community surveys of
other than a clinician has to do, they should be given

careful training in recognising the critical signs and
ongoing supervision is necessary.
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Non-specificity of the physical signs

This is a major limitation, especially in mild or
moderate deficiency states.  Some physical signs may be
produced by more than one nutrient deficiency. Other
physical signs may be caused by non-nutritional factors

such as eczema, allergic manifestation and weather or 1in
some cases heridity.

Multiple physical signs

Subjects with co-existing nutrient deficiencies
€g. protein and zinc deficiency, riboflavin, niacin and

vit. C deficiency may exhibit multiple physical signs,
confusing the diagnosis.

Signs may be two-directional

Signs may occur during the development of a
disease and during recovery also. eg. .enlarged 1liver
occurs in PEM and during its treatment.

-

Examiner inconsistencies

The recording of certain leisions may be subject
to inconsistencies. Examiners with very limited
experience may record leisions in subject with mild or
border line evidence of the leisions other,

more
experienced examiners may record only severe forms.
Generally, these inconsistencies are less when symptoms

are severe. The following table indicate the
inconsistencies recorded by three examiners

The prevalence as a percentage of selected physical signs
by three examiners

. ‘ Examiner
Number of examination —  ——-mm—m o _______
1 2 3
1123 1127 589
Papillary atrophy 4.1 1.1 11.2
Follicular hyper keratosis 4.0 0.6 6.8
Swollen red gums 2.8 3.7 4.1
Angular leisions 0.4 0.4 1.2
Glossitis 0.6 0.4 0.5
Goiter 3.6 6.6 3.6

| 'Y EEEXEXNENNENRNNN N N N N B A B B A A N I AN
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Examiners bias can be minimised by standardising
the criteria used to define the physical signs and by
training the examiners. Inconsistencies also arise of the
physical leisions are graded during the physical
examination. It is desirable, not to grade the severity
of physical signs in the field and it is desirable simply
to record as positive or negative, except if measured

objectively using instruments.

Variation in the pattern of physical signs

There are no universal set of signs and symptoms
suitable for all ages and all countries. The pattern of
physical leisions associated with specific nutrient
deficiencies varies according to genetic factors, activity
level, environment, dietary pattern, age and the degree,
duration and speed of onset of malnutrition. Examples of
such variations shown in the following table. All these
limitations of physical examination confound the
diagnosis, making it essential to include laboratory tests

to confirm the existence of specific nutrient
deficiencies.

Variation in the percentage prevalence of clinical signs
associated with nutritional deficiencies with age

_-__.--_-..__—_-.—_-...____._.___.._—._—_..-._.-..___—.._—____._-.__.___._.._.____-.

Deficiency Clinical signs =~ —cemel_ T
0-6 6-16 16+
PEM - Abnormal hair 2.1 0.6 0.3
Iron + Papillary atrophy 3.3 4.4 6.2
B vits.
Vit. A Follicular hyperkeratosis 3.1 4.9 3.9
vVit. D Enlarged wrists 2.8 - -
Vit. ¢ Swollen red gums 0.6 5.9 8.5
Ribo- Angular Yeision 1.4 0.9 0.6
flavin : '
Glossitis 0.4 2.0 8.3
Iodine Visible enlargement 1.1 5.4 5.5
of thyroid
iisimenorve AR T s SN
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Table . Physical signs in nutrient deficiency and the possible mechanism of their formation. 1
Deficiency Physical signs Mechanisms for signs
Calories Sunken temples, prominence of bone  Loss of muscle mass,
(marasmus) structure, loss of muscle strength, subcutaneous and retro-orbital

sunken eyes (=behind the eye) fat
Protein Hair dull and dry, easily plucked; Inadequate protein for new
(kwashiorkor) dry, thin, scaly skin (flaky paint tissue growth

dermatosis); loss of muscle mass;

_poor wound healing

Edema

Inadequate plasma protein
levels; inappropriate growth
hormone and corticosteroid
secretion; increased capillary
permeability.

Parotid enlargement

Inappropnate growth hormone
and corticosteroid secretion.

Enlarged liver and spleen

Poor liver protein production,
transport, and release

Apathy or irritability

Inadequate fuel supply to the
brain; amino acid and electrolyte
imbalance

Essential fatty acids

Scaly skin lesions; rough, dry skin;
poor wound healing

Inadequate essential fatty acid
supply for membrane,
prostaglandin and leukotriene
formation leading to poor skin
growth and repair

Vitamin A Dry skin; xerophthalmia (=dry eyes); Abnormal growth of epithelial
Bitot's spots (=piling up of epithelium cells with conversion from
near cornea); keratomalacia (= columnar to undifferentiated
softening of the cornea); follicular squamous (=flat) cells, and ?

. hyperkeratosis (=sandpaper skin); failure to develop receptors for
: epidermal growth factor
Night-blindness Failure to form rhodopsin

Folate Atrophy of tongue papillae (tongue Decreased rate of tissue renewal
appears to be shiny and red) due to poor formation of DNA

Vitamin B2 Atrophy of tongue papillae Decreased rate of tissue renewal

due to poor formation of DNA
Stocking-glove loss of sensation in 7 Decreased ability of nervous
hands and feet tissue to form neurotransmitters
(e.g. epinephrine)

Thiamin Beri-beri: heart enlargement and Defective delivery of energy to
failure; neurological changes (sensory tissues due to defective
loss, loss of reflexes, burning carbohydrate metabolism
sensations in hands and feet); muscle (failure to metabolize pyruvate)

* tenderness and loss of muscle
strength; Wernicke-Korsakoff
syndrome (see Chapter 16)
Biotin Scaly skin lesions; rough dry skin

fatty acids; ? poor metabolism of

7 Poor metabolism of essential

phenvlalanine
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Zinc (cont'd)

Hypogonadism

Lack of active cnzyme for
testosterone formation

Growth failure; alopecia (=hair loss)

Failure of active enzyme

formation for new tissue growth

Anorexia, hypogeusia (=loss of taste)

? Inability to form active taste
buds

Pallor

Iron-deficiency type anemia,
due to lack of formation of

porphyrins

Night-blindness

Poor conversion of vitamin A to
active forms

Cardiomyopathy (=disease of the

? Failure to maintain intracellular
redox potential in tissue with

high oxidative phosphorylation
rates

Tachycardia (=rapid heart rate),
tachypnea (=rapid breathing rate),

Selenium
heart muscle)
Molybdenum
L neurological disturbances
lodine

? Sulfur amino acid intolerance,
due to lack of active sulfite
oxidase

Lethargy; dry skin with abnormal

doughy consistency; sparse hair with
coarse texture; slowness of thinking

Lack of thyroid hormone

~

‘Enlargement of the thyroid gland;

Iixcess accunulation of non-
iodinated thyroid hormone
precursor and excess stimulus
for thyroid tissue formation in
the absence of feedback by
thyroid hormones to the

pituitary, so excess thyroid

st.imulnting hormone is released.
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A GUIDE TO THE CLINICAL SIGNS OF MALNUTRITION*

*SOURCE: Jelliffe, D.B. The Assessment of the
Nutritional Status of the Community, World
Health Organization, Geneva, 1966.

CLINICAL EXAMINATION

Clinical examination is an important practical
method for assessing the nutritional status of a
community.

The method for clinical examination 1is usually
based on examination for changes, believed to be related
to inadequate nutrition, that can be seen or felt in
superficial epithelial tissues, especially the skin, eyes,
hair and buccal mucosa, or in organs near the surface of
the body, such as the parotid and thyroid glands. -

clinical assessment of a community can give
valuable information to the public health worker,
especially in regions of the world where malnutrition is
widespread. '

CLASSIFIED LIST OF SIGNS USED IN NUTRITION SURVEYS

According to the report of the WHO Expert
Committee on Medical Assessment of Nutritional Status, the
signs and symptons that are considered to be of value 1in
nutritional assessment are recorded as follows:

Signs known to be of value in nutrition
surveys

(1) Hair - Lack of lustre
- Thinness and sparseness
- Straightness
- Dyspigmentation
--Flag Sign

< Easy pluckability

(2) Face - Diffuse depigmentation
- Naso-labial dyssebacea
- Moon face
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(3) Eyes - Pale conjunctiva
- Bitot’s spots
- Conjunctival xerosis
- Corneal xerosis
~ Keratomalacia
- Angular palpebritis
(4) Lips - Angular stomatitis
- Angular scars
- Cheilosis
(5) ‘Tongue ‘ - Oedema
- Scarlet and raw tongue
- Magenta tongue
- Atrophic papillae

(6) Teeth -~ Mottled enamel
(7) Gums - Spongy, bleeding gums
(8) Glands - Thyroid enlargement
- Parotid enlargement
(9) Skin - Xerosis
- Follicular hyperkeratosis - types
1 and 2

- Petechiae

- Pellagrous dermatosis

- Flaky-paint dermatosis

- Scrotal and vulval dermatosis
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(10) Nails - Koilonychia
;5 (11) Subcutaneous - Oedema
]H tissue - Amount of subcutaneous fat
B e
”W (12) Muscular and - Muscle wasting
‘i. skeletal - Craniotabes
' systems - Frontal and parietal bossing

Epiphyseal enlargement (tender or
painless)
- Beading of ribs
- Persistently open anterior fontanelle
Knock-knees or bow legs
- Diffuse or local skeletal deformities
Deformities of thorax (selected)
— Musculo-skeletal haemorrhages
(13) Internal Systems:
' (a) Gastro- - Hepatomegaly
intestinal
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(b) Nervous* - Psychomotor change
- Mental confusion
- Sensory loss
- Motor weakness
- Loss of position sense
- Loss of vibratory sense
- Loss of ankle and knee jerks
- Calf tenderness

{c) Cardio- - Cardiac enlargement

vascular - Tachycardia.

* The symptoms described under thlS section may be seen in

" lathyrism and "tropical neuropathies”’. Further

confirmatory tests for these will be required in
community surveys. ’

INTERPRETATION

The relatively easy organization and - inexpensive
nature of nutritional assessment by means of clinical
examination may make it appear that the method is simple,
quickly mastered by the beglnner and - yields results that

are easy to interpret. This is not the case. Various
non-nutritional environmental influences may be
responsible for identical appearances. Further, most

signs of malnutrition are not spec1f1c to lack of one

nutrient and can often be produced by various non-
nutritional factors. :

However, the fact that most clinical signs are
non-specific does not preclude their use as indices of
malnutrition. The 1nterpretatlon of clinical signs can be
best made by using a ‘grouping of signs’ which have been
commonly found to form a pattern as associated with the
deficiency of a particular nutrient.

The following section discusses the groupings of

clinical signs and their interpretation with respect to
certain nutritional deficiency diseases.

GUIDE TO THE INTERPRETATION OF GROUPINGS OF CLINICAL SIGNS

(1) Protein-Calorie malnutrition (PCM)

(a) PCM in adults and school children:
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The usual- signs are :
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diminished subcutaneous fat, and
muscle wasting.

Other associated signs may include:

Parotid enlargement (especially in school
children),

oedema of the ankles, and

gynaecomastia in males.

(b) PCM in young children:
The signs suggestive of PCM in young children are:

oedema, !
dyspigmentation of the hair, i
thin sparse hair, '

straight hair,

muscle wasting,

diffuse depigmentation of the skin,
psychomotor change,

moon face, :

i hepatomegaly (enlargement of liver), and
' ' flaky-paint dermatosis.

(c) Calorie overnutrition in children and adults
(obesity):

The signs of calorie overnutrition are:

increased subcutaneous fat, and
increased abdominal girth.

(2) Vitamin A deficiency
The signs suggestive of vVitamin A deficiency are:

Bitot’s spots,

conjunctival xerosis,

corneal xerosis,

keratomalacia,

xerosis of skin, and

follicular hyperkeratosis (type 1).

The c¢linical signs of avitaminosis A vary with
age. In particular, keratomalacia is principally seen in
infancy and the pre-school age group, often associated
with PCM; while Bitot’s spots and conjunctival xerosis
are more common in school children.
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Recent studies have suggested that both xerosis
of the skin and follicular hyperkeratosis (type 1) are
more wusually due not to 1lack of Vitamin A but to

deficiency of unsaturated fatty acids such as linoleic
acid. ‘

(3) Riboflavin deficiency

. The signs suggestive of riboflavin deficiency are:

angular stomatitis (or angular scars),
cheilosis, '

magenta tongue, ]

atrophic lingual papillae(smooth, glazed tongue),
dyssebacea,

angular palpebritis (angular blepharitis),
scrotal (or vulval) dermatosis, and

corneal vascularization

.Recent work has indicated the non-specificity of

corneal vascularization and has also sugested that it is
more commonly due to causes other than ariboflavinosis.

(4) Thiamine deficiency
The common suggestive signs are

cedema,

loss of ankle and knee jerks,
motor weakness (Squatting test)
calf muscle tenderness,

sensory loss,

cardiac enlargement, and
tachycardia (increased palpitations)

14

Thiamine deficiency in babies (infantile beri
beri) has a completely different picture. Usually it is
one of convulsions and acute cardiac failure in the early
months of 1life. Assessment of the incidence of this
condition is difficult owing to the acuteness of the
illness and because of the other diseases that produce a
similar clinical picture at this age. The age-specific
mortality rate between two and five months is - a wuseful
guide, while indirect evidence may be gained by estimating
the thiamine content of breast milk




i

e T
,-—-._.~._. -_'T—y.—r-«

R

(5) Niacin deficiency
The suggestive signs are

pellagrous dermatosis,

scarlet and raw tongue, ‘

atrophic lingual papillae (smooth glazed tongue),
tongue fissuring, and

molar and supraorbital pigmentation

(6) Vitamin C deficiency

‘

The signs suggestive of Vitamin C deficiency are:

spongy and bleeding gums,

petechiae (haemorrhages under the skin),
ecchymoses (blue stains on the skin due to
petechiae),

follicular hyperkeratosis (type 2)
intramuscular or subperiosteal haematoma, and

epiphyseal enlargement (painful)

The «clinical picture varies greatly with age.
Infantile scurvy is characterized more by lassitude,
anaemia, haematoma formation, especially subperiosteally,
and painful epiphyseal enlargement, particularly at the

costochondral junction. . Spongy, bleeding gums do not
occur in the absence of teeth. '

When teeth are present, the commonest cause of
bleeding gums in the absence of hypertrophy, is a varying
degree of marginal gingivitis or pyorrhoea.

(7) Vitamin D deficiency

Active rickets (in young children) is typically suggested
by: :

epiphyseal enlargement (painless) - (over 6
months of age)
beading of ribs,

persistently open anterjior fontanelle - (after
18 months of age),
craniotabes - (under 1 year of age), and

muscular hypotonia.

Healed rickets (in older children or adults) is suggested
by: ' :
frontal or parietal bossing,
knock-knees or bow-legs, and
deformities of the thorax (Harrison’s sulcus
and pigeon chest)
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Osteomalacia (in adults) may give rise to:

local or gene;élized skeletal deformities,
especially of the pelvis, with tender bones.

: The lack of specificity of these
suggested that a minimum of three signs are
diagnosis, preferably backed by
radiographic evidence.

(8) Iron deficiency

Iron deficiency is suggested by:

pale conjunctiva, _ _
koilonychia (in older children and adults), and
atrophic lingual papillae.

(9) Folic acid or vit. B, deficiency

This condition is accompanied by pale conjuctiva
due to anaemia

(10) Iodine deficiency

A deficiency of iodine

produces enlargement. of
thyroid

(11) Fluorosis

An excess of fluorine is suggested by mottled

dental enamel. Mottling of the finger nails may
also found.
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DIET SURVEYS




Methods of Diet survey

Dr.P.Yasoda devi, Asst. Professor, PG & RC-H.Sc
A.P.A.U. Hyderabad.

Dietary studies are generally an integral part of
most nutritional surveys. The main objective of any
dietary assessment is to discover what the person under
investigation is in the habit of eating over the long
range and in the short run (Diva Sanijur, 1982). Dietary
assessment has been adopted to a wide variety of emphasis
and uses including appraising (a) how well fed specific
segments of population are (b) providing baseline data for
the development of programs on nutrition (c) fixing
minimum wages & rations (d) constructing food guides and

(e) formulating low-cost food plans; and providing a basis
for food legislation.

: Over the years, dietary survey data have been
employed for a number of other purposes. Initially
emphasis was on family food consumption studies, with

later interest focussing on estimation of diets of
individuals.

Dietary data on individuals are usually collected
either to obtain information concerning average nutrient
intake, food intake or to know food habits or to

.pa

Dietary assessment is not direct measurement of
nutritional status. as Maynand (1950) points out "they
provide presumptive evidence as well as yield data which
can assist in interpretation of the results of more direct
measures of nutritional status such as laboratory
clinical tests and anthropometric measurements.

Methods of assessing food intake

Various dietary methods are used to measure and
assess the food and nutrient intake of individuals and
population groups, depending upon the purpose for which
the data are to be used.They may be broadly classified as

National level agreegate, institution, family and indivi-
dual data systen. '

1. The agreegate data system include (a) Food
balance sheets (b) Food disappearance (the net

disapperance of food stuffs from the national s

upply for
human consumption on an annual basis) and (c)

Commodity
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reports (estimates of several food commodities available
for human consumption). They provide information on total
food or specific commodities available for consumption by
a country or area but are not definite 1in terms of
individual food consumption.

Methods of diet surveys:

National level:

Food balance sheets:

‘

To carry out the surveys at the national 1level,
The usual method employed to know the food availability
per individual is food balance sheets. The quantities of
various foods available for consumption at the retail
level per head of population is calculated from the total
net supply figures.

Per capita food available in a country per days=

(Stocks at the biginning of the year + total food
produced during the year + imports) - (Stocks at the end
of the vear + exports + amount wused for seeds and
industrial purposes + cattle & poultry feeds + wastage in
harvesting/threshing/distribution/processing/storage by

Total Population x 365

Merits:

(a) It gives a comprehensive picture of pattern of
country’s food supply

(b) Trends. in food supply in a country is known; 1if
compiled over different years

(c) Dietary pattern of the population can be known

(d) The availability of food supplies per person
relative to other countries can be known

(e) Basing on this, administrators and planners can
have a broad idea about the availability and
deficit of food in the country and to take proper
steps to remedy them

(f) Useful for food programme formulation/for
rationing of food/for exceptional conditions

’i
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Demerits:

(a) The allowance is made for inedible portion only.
No allowance is made for the wastage of edible

portion between the retail level and consumption
level ‘

(b) Since the distribution and other things are not
taken care of, and ony the average is calculated,
the actual dietry consumption with not be known
through the food balance sheets

(c) No information on seasonal variation/ different

socio economic groups/ecological and geographical
zZones 1s obtained

(d) Accuracy depends on reliability of statistics of
population/supply/non food supply/wastage etc.

IXI. Institutional level

To assess the food intake at Institutional level,
two methods have been enployed '

(a) Inventory method (food list method)

(b) Actual weighment method

Inventory method

In the inventory method, the food stuffs sujplied
as per the estimates of the warden of the institution are
taken for calculation and there is no direct measurement.

The average intake per caput per day is
calculated as follows. :

(Stocks at the beginning of the week + stocks

purchased during the week) (Stocks at the end of the week ) —
by .

Total number of inmates partaking the meal x No.
of days.

This method though less time consuming, not very
accurate, compared to actual weighment method. ’
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Actual weighment method

In this method the total raw foods for cooking
are weighed taking into consideration wastage of food.
This procedure 1is repeated for at least seven days. To
assess the intake per person per .-day, the following
procedure is adopted. :

Intake in terms of raw food per person per day =
Total raw amounts used for a preparation
(Total No. of residents x (No. of days of survey)

partakirig the meal)

III. Household level:

Household food consumption methods measure - all
food and beverages available for consumption by a
household, family group, during a specified time period.
The following methods are used: food accounts, list-recall

methods, inventory methods, food records, family food
scales, and telephone surveys. All involve collecting
information on demographic and socio-economic

characteristics of the household, enabling data to be
presented in terms of income level, family size, region of
the country, etc. Per capita nutrient intake data are
derived by multiplying the per capita food consumption
data by the corresponding nutrient values obtained from
appropriate food composition tables. Adult consumption
units weighted according to age and sex and physiological
status, are assigned to each family member, and used to
calculate more precisely nutrient intake per person.

‘SFood account method

A food account consists of a daily record,
prepared by the householder, of all food entering the

household, either purchased, received as gifts, or
produced for household use during a specified period-
usually seven days. Quantities of each food item are
recorded in retail units (where applicable) and household
measures. Generally, no account is taken of food and
beverages consumed outside the home, or food discarded as
plate waste, spoilage, or fed to pets. The respondent

burden for the food account method is low, and it |is
relatively inexpensive.

List-recall method
In this method the householder is asked by a

trained interviewer to recall all foods used by the
household on an ’‘as purchased’ basis, and their guantity,
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price, or purchase value, over a specified period of time
usually the preceding one to seven days. A structured
questionnaire containing a list of major food items likely
to be consumed is generally used to assist in the recall.
Frequently, no account is taken of food wasted, spoiled,
or fed to pets. Quantities may be estimated by weight or
household measures.

Additional information on the age and sex of
persons consuming the household food supply, the number of
meals eaten both at home and away from home for each
household member, income and other socio~economic
characteristics of the household may also be obtained.

Only one interview, taking up to two and half
hours, 1is reuired for this method, so that the field
survey costs are lower than for other household methods,
and the response rate is generally high.

Inventory method:

The inventory method aims at recording
acquistitions and changes in the food inventory of
households during the survey period. An inventory is

prepared of the weight and type of all food commodities in
the household at the beginning and end of the survey
period, which is generally one week (Burk and Pao, 1976).
In addition, the types and weights of . all food items
brought into the home, whether purchased, home produced,
as gifts, or as payment in kind, are also recorded daily
during the survey period.

The number and age of persons consuming each meal °

are often recorded on a daily basis during the survey,
allowing detailed information on the mean food

consumption per person during the survey period to be
calculated.

Household food record method
Food records are usually completed over at least

a one-week period, either by the householder or a
fieldworker. During this time, the amount of all foods

consumed at each meal is recorded separately, either by
weight or household measure. Detailed descriptions of all
foods (including brand names) and their method of

preparation are recorded. For composite dishes the amount
of each raw ingredient used in the recipe and the final

weight of the prepared composite dish should also be
recorded.

Generally, however, kitchen and plate waste, and
food fed to pets, is not accounted for in this method.




Instead, an arbitrary wastage factor of 10% of all edible
portions of the foods consumed is applied, as noted for
the inventory and food accounts methods.

The amount of each food consumed by the entire
household can then be divided by the corresponding total
adult consumption units to provide food intakes per
person. This approach produces a better estimate of the

adequacy of the household food intake, particularly for
families.

The weighed food record method is the

‘ most
accurate of the household method.
Telephone survey

Telephone survey have been used to collect
consumer information on the purchase and use of certain

products. Telephone Surveys cost on an average 40-50% of
personal interviews. '

Family food scale:

Some investigators have used scalogram tech-
niques, such as a Guttman scale, to measure the complexity
and diversity of food patterns of families (Chassay et

al., 1967), particularly in less developed countries
(Beaudry Darisme et al., 1972). The food scale is

constructed from information on the frequency with which a
range of food items or food groups is eaten.

It is cumulative in the sense that a diet which
includes food items within a given scale step position (or
score) will also include the itens in all the preceding
steps. Thus, once the position of a respondent on the
scale is determined, it is possible both to predict the
food items consumed and to specify the dietary complexity
and diversity. ‘Highly trained interviewers are not
required, and information on a large number of subjects
can be collected using this techinique (cCassidy, 1981).
The method can be used for individuals (Schorr et al.,
1972; Harrison and Bond, 1984) as well as households.

National food consumption surveys:

Several countries use household methods for their
national food consumption surveys. Close attention must be
paid to the sampling design of these surveys to ensure
that a representative national sample is obtained which
accounts for the influence on food 1intake of season,
holidays, weekends, socio-economic status, and region.

1




Most national surveys utilize an arbitrary allo-
wance (e. g. 10%) for food waste at the domestic level.

IV. Individual level:

Methods wused for measuring food consumption of
individuals can be classified into two major groups. The
first group, known as quantitative daily consumption
methods, consits of recalls or records, designed to
measure the quantity of the individual foods consumed over
a one day period.By increasing the number of measurement
days for these methods, quantitative estimates of actual
recent intakes, or for longer time periods, usual intakes
of individuals, can be ontained. Assessment of wusual
intake is particularly critical when relationships between
diet and biological parameters are assessed.

The second group of methods includes the dietary
history and the food requency questionnaire. Both obtain
retrospective information on the patterns of food use
during a longer, less precisely defined time period. Such
methods are most frequently used to assess usual intake of
foods' or specific classes of foods. With modification,
they can provide data on usual nutrient intakes.

(a) Twenty—four—hdur recall method:

In the twenty-four-hour recall method, subjects,
their parents, or caretakers are asked by the

nutritionist, who has been trained in interviewing -

techniques, to recall the subject’s exact food intake

- during the previous twenty-four-hour period or preceding

day. Detailed descriptions of all foods and beverages
consumed, including cooking methods and brand names (if
possible), are recorded by the interviewer. vVItamin and
mineral supplement use. is also noted.Quantities of foods

consumed are usually estimated in household measures and
entered on the data sheet.

The flat slope syndrome may be a problem in the
twenty-four-hour hour recall method (Gersovitz et al.,
1978).. 1In this syndrome, individuals appear to
overestimate low intakes and underestimate high intakes.




A single twenty-four-hour recall is most
appropriate for assessing average intakes of food and
nutrients for large groups. When using a twenty-four-hour
recall to characterize the average usual intake for a
population group, the sample should be representative of
the population under study, and all days of the week

‘should be proportionately included in the survey. In this

way, any day-of-the-week effects on food and/or nutrient
intakes will be taken into account. The respondent burden
is small for a twenty-four-hour recall, so that compliance
is generally high. The method is quick, relatively
inexpensive, and can be used with illiterate individuals.

The success of the twenty-four-hour recall
depends on:

- Interviewer gualification, ~ skills and training
received

-  Physical setting of the interview
- Presence of neighbours,accidental distractions

- Social class difference between interviewer and
respondent ' C '

Degree of interviewer’s familiarity with respondent
Rapport, the interviewer establishes with respondent

- Ability of the interviewer (a) to ask ‘right’
questions (b) to probe for details of consumption
without wusing 1leading questions, (c) to converse
freely with the respondent, without the need for
interpreter and (d) to identify whether the respondent
1s providing reliable data or not.

Other factors are:

The respondents:

(a) Memory power to recall correctly
(b) Efforts to recall correctly

(c) Lack of eagerness or over eagerness to respond and
impress the interviewer

(d) Ability to understand the guestions of interviewer

(e) Ability to describe quantity cooked or consumed
accurately
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(f) Cooperation
(g) Knowledge of the purpose of the study being conducted

To minimize these biases, the interviewer must be
trained in interviewing with warmth and an understanding
attitude. The respondent must believe that he or she is
understood and can trust the interviewer.

(b) Repeated twenty-four-hour recalls

Twenty-four-hour recalls can be repeated during
different seasons of the Year to estimate the average food
intake of individuals over a longer time period (i.e usual
food intake). This number of twenty-four-hour recalls
required to estimate the usual nutrient intake of
individuals depends on the degree of precision needed,
the nutrient under study, and the population group.

In general, 1if an adequate sampling procedure is
designed to take into account the influence of weekends,
seasons and holidays on the pattern of food intake, the
results can provide an estimate of national - food
consumption.

(c) Estimated food records

The respondent is asked to record, at the time of
consumption, all foods and beverages (including snacks)
eaten for a specified time period. Detailed descriptions
of all foods and beverages (including brand names) and
their method of preparation and cooking are recorded.
Final weight of the dish, and the amount consumed by the
subject should be recorded.

Food portion size can be estimated by the
respondent wusing a variety of procedures, each differing
in 1level of precision.Standard household measuring cups
and spoons are used wherever possible, supplemented by
measurement with a ruler (for meat and cake) and counts
(for eggs and bread slices). Portion size measures are
usually coverted into grams by the investigator before
calculating nutrient intakes. Unfortunately, errors may
arise as a result of the inability of the respondent to
adequately quantify portion sizes consumed and as a result
of difficulties associated with the conversion of volume
estimates to quantities expressed in granms.

The number of days included in an estimated
record varies; usually three, five, or seven days are
used. Weekned days should be proportionately included in
the dietary survey period for each subject, to account for




potential day-of-the-week effects on food and nutrient
intakes.

(d) Weighed food records:

A weighed food record is the most precise method
available for estimating usual food and/or nutrient
intakes of individuals.

In a weighed record, the subject, parent, or

caretaker is instructed to weigh all foods and beverages
consumed by the subject during a specified time
period.Details = of methods of food preparation,
description of foods, and brand names (if known) should
also be recorded. Weights of all raw ingredients used in
the recipe should be noted, as well as the weight of the
portion consumed and the final volume of the dish. The
method of recording is similar to that given for a
household food record. :

As for the estimated record, the number, spacing,
and selection of days necessary to characterize the actual
of wusual nutrient intakes of an individual wusing the
weighed method vary, depending on the nutrient of
interest, study population, objective of the survey, etc.
Again, weekend days should be proportionately included ' in
the dietary survey period to account for any weekend
effect on the nutrient intake.

Respondent must be motivated, numerate, and
literate, if a dietary record method 1is selected.
Respodents may change their wusual eating pattern to
simplify the measuring  or weighing process, or
alternatively, to impress the investigator. Respondent
burden for food records is higher than for the twenty-
four-hour recall, so the individual may be less willing to
coloperate. Precision 1is greater in the weighed record
compared to the estimated record method because the
portion sizes are weighed.

(e) Dietary history
In general, dietary history methods provide

qualitative, not quantitative, data on usual food intake
over a period of several weeks or months.’

Numerous modifications of the dietary history

nmethod exist. For example, portion size estimates can be
made using a variety of techniques 1including common
utensils, commercial plastic food models, standard
measuring cups and spoons, photographs, or real foods.The
time periods covered by the dietary history method may
also vary. The maximum time period which can be used has
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not been firmly established.When shorter time frames (i.e
one month) are used, precision and validity are
apparently higher than for longer periods.

The dietary history method is very labour
intensive, and unsuitable for large surveys. Moreover,
the results obtained depend on the skill of the
interviewers.

(f) Food frequency questionnaire

A food frequency questionnaire is designed to
obtain qualitative, descriptive information about usual
food consumption patterns. It does not generally provide
quantitative data on food or nutrient intakes. The

‘questionnaire consists of two components: (a) a 1list of

foods and (b) a set of frequency-of-use response
categories. The list of foods may focus on specific groups
of foods, particular foods, or foods consumed periodically
in association with special events/seasons, when it is

designated a focused questionnaire (Anderson, 1986). -

Alternatively, the food list may be extensive to enable
estimates of total food intake, and hence dietary
diversity, to be made.

The aim of the food frequency questionnaire is to
assess the frequency with which certain food items of food
groups are consumed during a specified time period (e.q.
daily, weekly, monthly, early). Specific combinations of
foods included in a focused questionnaire can be used as
predictors for intakes of certain nutrients or non-
nutrients, provided that the dietary components are
concentrated in a relatively small number of foods or
specific food groups. Examples include the frequency of
consumption of fresh fruits and fruit juices as predictors
of vitamin C intake; green leafy vegetables and carrots as
predictors of carotenoid intakes.

The data for the food frequency method may be
obtained by a standardized interview of self-administered
questionnaire. The . result generally represent usual
intakes over an extended period of time and are easy to
collect and process. The food frequency questionnaire
imposes less burden on respondents than most of the other
dietary assessment methods. It is often used by
epidemiologists studying associations between dietary
habits (both wusual and past) and disease (Acheson and
Doll, 1964; Hankin et al 1970; Hirayama, 1981), although
its use for estimating food intakes in the remote past has
not been clearly established.

The data from a food frequency questionnaire are
often used to rank subjects into broad categories of low,
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medium, and high intakes of certain foods, for example. In
epidemiological studies, such rankings, are often compared
with the prevalence and/or mortality statistics for a
specific disease within the population studied.

Food scores can be calculated from food freguency
data, based on the frequency of consumption of certain
food groups. '

Sometimes, the food frequency questionnaire
attempt to quantify usual portion sizes of the food items.
This modification produces semiquentitative procedure is
used, nutrient scores of each subject can be computed by -
nultiplying the relative frequency that each food item 1is
consumed (with, for example, once a day equal to one), by
the nutrient content of the average portion size
specified. The nutrient content is obtained from
appropriate food composition data.

Use of direct chemical analysis

Direct chemical analysis of representative
samples of individual food items, meals, or prepared-diet
composites must be carried out if precise information on
nutrient intakes of individuals is required for metabolic
studies.This approach can also be used to validate food
composition data obtained from tables or nutrient data
banks (Gibson and Scythes, 1982).

Care must be taken -to exclude contamination
during sample <collection, preparation, and analysis,
particularly if trace elements are to be
. determined.Adequate storage and preliminary treatment of |
K the sample are also essential to preserve the activity of
i certain vitamins (e.g. folic acid, thiamin, vitamin C. i
i and riboflavin) {Cooke, 1983). The individual food items, ‘
i i meals, or composite diets must also be homogeneous, so
{ih that a representative aliquot can be removed for chemical
k? analysis. Homogeneity can be checked by analyzing multiple
,#- aligquots of a single composite diet or food.

i Three techniques are used for collecting meals or
i A one-day diet composites for nutrient analysis (Pekkarinen,
i 1970).

Duplicate portions
This technique involves the collection of a

b duplicate portion of all foods and beverages consumed !
: during a twenty-four-hour period. These are "weighed, or §

i

|

i ' estimated in household portions, by the respondent or a
field worker. Several separate consecutive twenty-four-
hour diet  composites may be collected from each

il

e
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respondent. Diet composites are then homogenized using a
blender and later chemically analyzed.

Aliquot sampling of foods

This procedure involves weighing all foods and
beverages consumed by an individual during the survey
period, and collecting daily aliquot samples of each item.
These samples are then combined and subsequently
analyzed.Care must be taken in this method to ensure that
representative aliquots are taken both during the
collection and the subsequent pooling and homogenization.

Equivalent food composites

These are used less frequently than the two
methods described above. 1In this method, weights of all
foods and beverages consumed by an individual during the
survey period are again recorded.Subsequently, samples of
raw foods, equivalent to the mean daily amounts of foods
consumed by each individual in the survey, are chemically
analyzed. Thus only the nutrient content of the wuncooked
food 1is determined and consequently the method is not
suitable for estimating the intake of heat 1labile and
water-soluble vitamins.

Telephone survey

Both twenty-four-hour telephone recall and seven-
day telephoned food records are feasible methods.

Photographic method

Elwood and Bird (1983) instructed subjects to
photograph, at a specified distance and angle, all food
items and. leftovers, and to record descriptions of each
foodstuff, including the method of preparation.Estimates
of the weights of the food items consumed were obtained by
viewing the photographs alongside previously prepared

standard photographs of portions of foodstuffs of known
weights.

The photographic method appears to be less
demanding for the subject than the weighed record, and
relatively easy and acceptable. Preliminary work suggests
that nutrient intakes calculated from photographs and a
weighed record are similar, provided that training for

“estimating weights from photographs is given (Bird and

Elwood, 1983).
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Electronic devices for recording food intakes

An electronic device has been developed by
Stockley et al, (1986) for the guantitative collection of
food intake data for individuals for periods of wup to
three weeeks. The device consists of a digital blance with
a capacity of 1 kg interfaced to a microcomputer with a
key board. The latter has an upper bank of color-coded
sequency control keys which register ‘start’, ‘waste’, ‘no

waste’, ‘mixed waste’ and ‘done’ and 55 color-coded food.

record ﬁkeys. 'The. keyboard is fitted with a removable
transparent keyboard overlay, to assist in the correct

‘identification ' of the food Keys. An incorrect food key

.entry can be cancelled using the ‘error’ function.The
device is fully compatible with a more powerful computer.
Consequently, at -the end of the study period, the
accumulated data on the weights and types of food consumed

.and time of consumption can be transferred +to a host

computer for calculaﬁ%on of the nutrient composition of
the diet. -

The respd@dént burden is reduced when using the
food-recording device because the subject does not have
to read the balance or keep a written diary (Stockley et
sufficient to store dietary data from surveys lasting up
to three weeks.The device also eliminates the process of
coding the food records, a task considered to be the most
time-consuming part of a quantitative dietary study
{Black, 1982). :

- & portable electronic set of tape-recording scales (PETRA)

. This has been developed in the United Kingdom.

”:Iggthis system, 'the respondent places an empty plate onto
'b"”?*RETRA:,digitaL recording scale, presses a switch in

3fbgt;i0f'Ehe-machine and describes the plate. The scale
simultaneously records ' the spoken words and the weight in
digitally coded from. The respondent then adds each food
item separately -onto the plate and, at the same time,

. dictates a description 'of the food into the microphone. At
. the end of the:study, tapes are retrieved and read by the

.investigator wusing the PETRA Master Console. The latter
. plays  back the description of ‘the food and displays the

T

‘decoded .weight "information.The system is simple to
. operate,and it is difficult fior the subject to modify the

coded food record. Consequenfﬁy, the habitual food intake

"is more likely tio be "truthfully recorded compared to the

conventionalﬁwéighed food record (Binghanm, 1987)

All - these developments aim to reduce respondent
burden and hence increase compliance, reduce errors
resulting from memory lapses, and in the case of
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electronic devices, to eliminate the tedious process of
coding the food records.

Selecting an appropriate method:

All the methods described above have its own uses
and limitations. An important aspect is to consider
carefully the information needed for a given purpose and
which method provides the data within acceptable precision
and cost parameters. All researchers would like to find a
method that is simple, easy, inexpensive, valid, reliable
and objective. To be valid, the method must truly mesure
what the investigator wishes to measure.To be reliable,
the instrument must give the same results on repeated
trials of the same result as another widely accepted
method.And to be objective, the method nust be
standardized, that is sytematically applied so that
results can be compared with the work ot other
invetigators.
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variations of dietary intakes observed by different
researcher when 2 or 3 dietary methods are compared:

The reyiew collected revealed that the validity

of different methods for ceollecting data on dietary
intakaes has been continuously criticized because in all
the methods there are sources of error which are difficult
to eliminate.

Although comparative studies of different dietary
interview methods have been published during four decades,

the results =still seems to be inconclusive.The discri-
pancies observed in different studies can be attributed to
some extent on the differences is design of the studies
and also due to methedological errors in some studies.

For example, to show the differences in study
design to compare the weighment method with 24 hour recall
ig given below:

Thimmayamma and Hanumanth Rao (1969 in their
study assessed the ‘intake of individuval by weighment
method on 1st day and on the following day another trained
researcher collected the same individuals previous day’s
dietary intake, by 24 hour recall, But in Teresita E.
Valerio (1983), study the dietary intakes of family were
weighed by a researcher on one day and the same day
another recsearcher recalled the previous day’s diet of the
family. Methodology used for recall is also different in
the two studies i

t

Though ‘dietary recall’ is termed as a method of
diet survey and universally used, there 1s no standardized @
method of conducting it. Few researchers used visual aids
Madden et al (1976) Elemas Quiogne (1970) Teresita E.
Valerio (1983) used standardized velumetric measures to
help the respondent to indicate the amount of used food or
individual intake. Timmayamma and Hanumanth Rao (1969),
Regina Sundararaj (1972), Shobha Tilve (1978) and other ‘
researchers even approached groceries or resturants where
food was purchased by respondent and requested them to
help in determining the food compositions and portion
cize, This could be one of the reasons for the
discripencies observed in the results of different
studies.Moreover the interview itself can ke a source of
human error and thus can 1limit the validity of the recall
method. To recall food intake accurately 1s rather i
difficult and requires gkill in the personal interview |
technique. ' :
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Assessment of nutrient intakes from food consumption data

=]

U

Energy and nutrient intakes can be ca C
from quantitative food consumption data by usi
composition tables, or data which have been transfe
and maintained on a computer. In an attempt to prov
more regorous and accurate approach to the developmen

mposition databases, an international networ
a systems has been established.

t
[a)

2

r
i

3 =
| JCP]
Aot L
D 2 hQ
O O t QO
o O

m hoth foo
nalysis represen
not the amount

lent values 4

+ ot 2

I

(

(
’_J
[®)
[to]
P
[»]
I
']
[®)
[»]
Q,
3]
3
o} |
fg
=
t
[
I_.I.
t i
- 14D
0
3
=
I_)

,.
~
[}
n
0n
D
N
n
3
!D
+
O

) b
=
2,
|..|.
<
l_l.
2,
fad
")
'_.I
n

e
eviews (Series A) 57: 705~

). The dietary intakes of subjects
hotographs compared with a weighed
ition: Applied Nutrition 37A: 470-

v
}-J

). The logistics
Nutrition: Applied Nutrition 36A: 85-94,

Burk MC, Pao EM. (1976). Methodology for large-scale
surveys of household and individual diets. Home
Economics Research Report No.40. Agriculture Research
Service. U.S. Department of Agriculture, Washington.
D.C.

of dietary surveys. Human




Cassidy CM. (1981). Collecting data on American Food
Consumption patterns: An anthropological perspective.
In: Assessing Changing Food Consumption Patterns.
Committee on Food Consumption Patterns, Food and
Nutrition BRoard, National Research Council. Naticnal
Academy Press, Washington, D.C. PP.135-154,

N ~—

rt

O 3
jop

+

=

application

e study of

~industrializing
rio

o g Yo)

£ ?

£ ocial science re
ood habits and food c
rea. American Journal

=g
1= Q D -~

Q
)

St e
3 29

= H- 0O &
2

[
1=

es - analytical
Human Nutrition:

P =0
e (D

(9}
Wt h3
W e O
= P n
f1= S0 I
N Hh O

[o]

>}

+

D))

[}
,—l.
4
)]
n
jal]
3
.
[
ﬂ
3
1D
hed
it
I

k on Social and cultural perspectives
982) Printed by prentice-Hall Inc.

etween weighing and interview
isumption surveys., Chil. J. Nut

3 n
)
3
2

Gibson RS,

cy.thes CA (1922). Trae men
itish Journal of Nutrition 48:

v
2
I for group compari
Dietetic. Association 73:

Hirayama T (1981). Diet and cancer. Nutrition and cancer
1:67-821. ‘




A i

Madden et al. Valadity of the 24 hour recall. Analyvsis of
data obtained from elderly subjects. J. Am. Dietet A.
(1976). 6R-1423

70) . Methodology in the collection of

Pekkarinen M. (197
food consumption data. World Review of Nutrition and

Regina Sundararaj. A comparative study of the interview-
questionnaire and weighment methods. Ind. J. Nut. Diet
(1972). 9, 13.

Schorr BC, Sanjur D, Erickson B. (1972). Teenage food
habits. Journal of the American Dietetic Association
61:415~-420. ,

-
—

Shobha Tilve. Comparison of questionnaire to weighment
methods in diet surveys. Ind. J. Nut. Diet (1578) 15,
5.

s

Sﬁockley L, Hurren CA, Chapman RI, Broadhurst AJ, Jones FA
(1986). Energy, protein and fat intake estimated using
a food recording electronic device compared with a
welghed diary. Human Nutrition : Applied Nutrition
40A: 19-23.

Teresita E. Vvalerio (1983). (Food and Nutrition Research
Institute, Manila K published report), Comparison of

food welghing and recall methods in dietary
assessment. '

Thimmayamma and Hanumantha Rao. A comparative study of the
oral questionnaire method with actual observation of
the dietay intake of pre-school children. Ind. J. Nut.
Diet. (1969). 6, 177.







t’f

s
'

e

Focussed Ethnography as A Support To Diet Surveyé

Or.Shahnaz vazir, (Psychologist)
Sr.Res.Officer

. Introduction

Diet surveys are cdnducted to assess the nutrient 1ntake§ of
famj]y members or individuals and to evaluate the same against
the recommended daily dietary a]]owénée ffgures for various
nutrients - mainly, calories, proteins and micronutrients. The
main purpose of diet surveys, however, is to use the information
from ﬁhese data for identifying the malnourished population
groups especially preschool children, pregnant and lactating
mothers fequiriné attention in terms of nutrition education with

or without food supplementation.

Several reviews of programmes directed at'improving the
nutritional status of at risk groups héve pointed out that
traditional methods of nutrition education do not have the
desired impact. In recent yesars, attempts have been made to
utilize techniques and methods hitherto confined to the
behavioural sciences or to other disciplines such as anthropology
and ethnography. It has been realized that in order to achijeve
effective nutrition interventions, firstly, an extensive
understanding of the existing socio-culural matrix of the

community under study is necessary. It is therefore, imperative

that any tecHnique selected for the purpose of such a study 1is

culturally appropriate to elicit the needed information.

One technique which is fast catching on especially in the .
health and nutrition field is the FES (Focussed Ethnographic
Studies) for which a manual has recently been developed by

Or.Pelto in Geneva. This manual especially aims at increasing the




msumption of vitamin A rich foods in populations at risk of
tamin A deficiency. However, it is important to assess whether

'is technique 1is applicable to and appropr1ate for the

pulation being studied. The FES manual was evaluated recentily

a study aimed at understanding the socio-cultural patterns and

actices which perpetuate vitamin A deficiency in a ruraj area

Andhra Pradesh. This paper presents the details of the study

nducted on the basis of the guidelines strategies and
Jcedures detailed in the FES manual as well as the methods of
‘a analysis.

The paper also presents the finding of the study

the rural areas of Andhra Pradesh.

The FES manual aims at the following objectives

To identify significant sources of vitamin A and carotene

rich foods in the study area;

To describe patterns of consumption of vitamin A rich foods

particularly with respect to infants:
To identify cultural beliefs that influence consumption
patterns;

To identify cultural, ecological and socio-economic factors

that constrain or facilitate consumption of vitamin A foods
and ©

To descr1be the community explanations and understandings of
v1tam1n A deficiency diseases and symptoms.

Information on the relevant aspects stated in the objectives

he manual are necessary to formulate effective and meaningful

rventions against vitamin A deficiency 1n population groups

isk.
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Preparation of a community food source jour

Site selection, recruitment and training field -assistants, as

well as key informant interviewing (Part I1); Description of

specific research brocedures (Part_III); and Guidlines for

Preparation of report (Part Iv).

lTocal

(b) Food species identification of

vitamin A rich foods; (c¢) Determining vitamin A content of foods;

(d) completion of the Journal with information on seasonality/

avai]ability, and (e) Search for Tittle used or Known vitamin A

rich foods. During the study, the data on the above aspects were

collected by interviewing key

vitamin ’A’ content of foods with specific reference to vitamin

A’ rich foods named by the respondents.

IT. After selection of the study Population,

field assistants

are trained especially in interviewing techniques. Key informants
are individuals among the population groups who can influence’

target groups. They include health functionaries Such as the ANM,

AWW, Tocal leaders, mahila mandaj president,

community. In addition to interviewing key informants, culturail

practices with fegard to infant feeding, Preparation of food and

Consumption pPatterns were observed through Participant

observation technique.




After'the preliminary survey, the research procedures in the

FES manual were used.

I1I. The research procedures in the FES manual consist of the

" following 8 modules

Module 1 : Free listing and key informant interviewing.

The purpose of this exercise is to identify an operational

list of 25-30 foods that aré available and consumed in the

community with primary emphasis on vitamin A rich foods. A

secondary concern is with staples in order to understand how

vitamin A containing foods ’fit” in the overall dietary pattern.

This module is conducted with key informants (i.e. individuals

from the locail community who can be sources of information about

the community such as TBAs. Sarpanch, an old resident who is well

1hformed etc.). These individuals are asked recall and name all

the foods they can think of. Lists of the foods collected from

them were tabulated in the order of those receiving the highest

to. Towest méntions. From this data, 25-30 foods which include al]

vitamin A rich foods in addition to other foods were selected

for the next exercise (Table-1).

Module 2 : Pile Sorting Task

The purpose of this exercise is to understand perceptions of

the community regarding the relationships between staplie foods

and vitmain A rich foods and how they relate to eating patterns. .

Using raw samples (in polythene bags) of the 32 key foods

selected earlier, the mothers were asked to sort them 1hto groups
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that go together or “belong together”. After the mother finished

sorting, she was asked to explain the basis for grouping them in

a particular way. Forty eight mothers representing the population

groups 1in the community were selectead as respondents to this

exercise. Results indicated (Fig.1) the following criteria used

by mothers as basis for sorting the foods

1. Food groups (cereaTs, pulses, GLVs, foods used for seasoning

etc., 50%), . :
2. Foods good/bad for children (10%)
S. Foods good/bad for heatlh (10%)

4. Usage (fegu1ar1y used, rarely used, never usad, 20%)

(9]

Recipes or preparations (10%)

Modules 3 : Eliciting Food Attributes

This exercise isg conducted with mothers to eﬁicit and

identify in detail the attributes, qualities Oor characteristics

that people within a community apply to foods. This adds to the

information from the pile sorting exercise.

Using the list of 32 key foods identified earlier, the

mothers were asked to state the gualities or attributes they

attach to each of these foods. Some of the positive and negative

attributes obtained from mothers especially for vitamin A rich

foods are given as examples:

Carrot : Good for health, eaten raw, not available (Fig.2).

Papaya : BEaten rarely, good for eyes, hot fruit, causes

abortion (Fig.3).

-
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6 ]
Pumpkin : Causes body pains, eaten during festivals on]yQ
bloats the body, not good food (Fig.4).
Egg : Good for health, regularly eaten, hot food, givet
strength, nutritious (Fig.5)
i ‘ |
Patlak : Good for health, good for eyes, tasty, regularl)
used, gives strength (Fig.6). ‘
: !
) Module 4 : Rating of food qualities -

In this, structured rating techniques are used to explore

the degree of the quality or attribute people assign to foods

Selecting some of the attributes that mothers had stated in

the previous exercise, 3 points or 5 points rating scale was

adminfstered to the mothers in order to rate the degree of the

qua]i%y of each food item. For example, the "hot vs. co]d"?

attribute was rated on a 5 point scale by the mothers for all the
key fodds. To state an example, palak was rated as "very cold" by

nearly :6 percent mothers, "cold" by .27 percent, "neutral” by 18

»percent;i“hot” by 38 percenﬁ and "very hot" by nearly 12 percent

Bl

~mothers (Tab]e—z).

'Modu1e_5.: Food Acquisition

This exercise %s conducted to determine how households 1in
the community acquire key foods - whether home grown, gathered or
purchased. Information is also collected on the cost of the foods

purchased as well as the family member fesponsible for

acquisit{on of key foods. The study provided the information on

the aspects such as avai]abi}ity/acquisjtion of vitamin A rich

foods from cultivated fields/home gardens, local

shop, weekly

0&0..0‘0..0’-‘;—'...Q.Q‘.....O....CO.Q.C.




shandies and town/city market place (Table-3), as well as on the

family members who usually procure these foods (Table-4).

Module 6 : Food frequency check 1ist -

This exercise ascertains the consumption of key foods by
members of the hodseho1d, specifically, consumption by chi]dren
aged 6 months to 6 years and women of reproductive age. Data on
frequency of consumption in terms of times per day and per week
were collected through this exercise, For example, palak was
consumed three times per week and twice per day (lunch and
dinner). This gives a total 6 times per week. The vitamin‘A
rating is then given to the 1list of foods scored as shown above

in the example. Data on this was separately tabulated for

children below 3 years (Table-5), below 6 years (Table-6) and

for women of reproductive age (Table~7). This exercise is similar

to the semi-quantitative diet survey technique. It does not

provide .information on the actual quantity of food consumed.

Importance 1is attached only to the frequency of consumption of

vitamin A rich foods.

Module 7 . Presentation of hypothetica1 case scenarios

In this exercise, short scenarios depicting signs and
symptoms of vitamin A deficiency from mild to severe are

presented to mothers in order to elicit 1nfokmation on (1)

whether they can recognise these signs and symptoms (2) how they

would respond if a child in the household had these signs and

symptoms (whether care would be given at home or sought

elsewhere), (3) how they would respond if they themselves had




TR
Vv A

i
ettt

- a"‘%ﬁ‘m:“ o
Loy B

TR :

TR

AN e

5

LS
S

SR AR

such signs'and symptoms (4) at what stage would the care be
administered and (5) what would be the sequence of action in
providing héme care, or seeking it outside the home. The
scenarios included short narrations of situations which can occur
in communities relating to (a) night blindness, (b) Bitot’s spots
and (c) diarrhoea and respiratory infection. An example of the

responses obtained on the Night-Blindness Scenario is given in

Table-8,.

Module 8 : Market survey - commercial food sources

The purpose of this exercise is to determine thé costs
involved when purchasing food items on the key foods 1ist. Since
brices vary according to season, price variation over 12 months
is assessed. Since the méin market in the area where the study
was conducted was the weekly shandy in the town nearby, the
survey was conducted there. After obtaining the price ranges of
all key foods, the viﬁamin A’ foods were rank ordered based on
the cost, i.e. from the most expensive to the least. Checking the
food sources journé1 for vitamin 'A’ content of foods, the prﬁce

per 1OOOARE of foods was determined (Table-9).

Iv. Data obtained through these 8 modules are analyzed using
éimp1e procedures 1like converting into percentages (respondents
or responses). These are depicted graphically to.eMQhasize
differences qualitatively. Factor analytical technique éan be

applied to the data from the pile-sorting exercise for grouping

similar foods into specific factors.

0 0 0 00 0 0 0000000000060 00600 00080 0660090 9009o .
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The data from the modules should be supplemented with
observations of the style of 1iv1ng’of the community members,
macro—-environmental faci1ities/depr1yations, etc., to get a clear

picture of the community.

Hence, the FES as an adjunct to diet survey methods can

provide indepth information on frequency of consumption of foods

rich 1in micronutrients especially vitamin A and iron.

Additionally, it can even elicit qualitative and behavioural
information on constraints, beliefs, dislikes, fears and taboos
which prevent consumption of foods. This information can be
utilized for selection of foodé to be promoted (cost-effective;
available) and for planning effective and sustainable nutrition

intervention programmes.

c:svi/modules. fes




Table - 1

Free Listing of Foods

Foods selected from Vitamin A Foods selected from Vitamin A
free 1isting content free 1isting content
ratings ratings
1. Rice (97%) ‘ 0 17. Gogu (55%)
2. Sorghum (92%) 1 18. Amaranth (38%)
3. Wheat (40%) 19, Curry leaves (18%)
4. Redgram dhal (73%) 20. Colocasia leaves (7%)
5. Bengal gram dhal (60%) 21. Mint (35%)
6. Tomato (97%) 22. Coriander (45%)
7. Brinjal (80%) 23. Ponnagant1 (17%)
8. Potato (67%) 24. Drumtick leaves
| 9. Colocasia ((55%) 25. Fenugreek leaves (8%)

10. Onion (53%)

11. Green chillies (42%)
12. Ladies finger (53%)
13. Cucumber (55%)

14. Tamarind (52%)

15. Red chillies (40%)
16. Spinach (98%)

26. Carrot (15%)
27. Pumpkin (2%)
28. Papaya (32%)
29, Meat (82%)
30. Egg (75%)
31. Milk (67%)
32. Curds (43%)

i e JE UGy PO N, S G Gy
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Figures in-brackets indicate percentage mentions during free listing.

X Vitamin A content scale
0-1 ug R.E. -0
1-99 ug R.E. -1
100-1600 ug R.E. -2
1601-2999 ug R.E. -3
3000 ug R.E. -4

ceesso00ecccos o0




Table - 2

Hot and cold (35)

__.._._..__—~_______-~__

____..____..__*___

Very Cold Neutral Hot Very hot Tota]
Cold
Palak 2 9 6 .13 4 34
(5.9)  (26.5) (17.6) (38.2) - (11.8)
Gogu 4 4 19 7 - 34
(11.8) (11.8) (55.9) (20.6)
Amaranth - - 7 17 6 2 32
(21.9) (53.1) (18.8) (6.3) '
urry leaves - 1 32 1 1 35
(2.9) (91.4) (2.9) (2.9)
/0lacasia leaves 1 2 11 7 12 - 33
(3.0) (6.1) (33.3) (21.2) (36.4) '
fint 1 2 30 . 1 - 34
(2.9) " (5.9) (88.2) (2.9)
oriander 1 4 25 . _ 1 - 31
(3.2) (12.9) (80.6) (3.2)
dnnagant i 1 - 6 28 1 - 36
(2.8) (16.7) (77.8) (2.8)
rumstick 3 4 4 5 5 34
(8.8) (11.8) (50.0) (14.7) (14.7)
nugreek 2 1 17 8 5 33
(6.1) _ (3.0) (51.5) (24.2) (15.2)
irrot 2 3 26 2 - 33
' (6.1) (9.1) (78.8) (6.1)
mpkin 2 1 14 5 9 31
' (6.5) (3.2) (45.2) (16.1) (29.0)
paya - - 3 2 29 34
: (8.8) (5.9) (85.3)
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Table - 3

Food Acquisition Tabulation Form (Aggregated)

~Food 1items Culti-  Local Ration Shandy Others - Part of
vated Store shop wages given
' in the field
Palak - . 7 27 - 20 1 0
Gogu 16 31 - 13 4 _ 3
Amaranth i 26 - 14 1 3 .
Curry leaves 22 21 - 4 13 ' 4
Colocasia leaves 5 6 - 2 30 0
Mint T 22 - 13 5 4
Coriander leaves 9 - 25 ~ 14 3 3
Ponnaganti leaves 8 10 - 5 30 2
Drumstick leaves 3 - - - 15 | 0
Fenugreek leaves 7; 25 - 15 1 2
Carrot - 2 - 24 - 6
Pumpkin - - - 6 1 7
Papaya 18' 1 - | 4 19 2
Maat 3 34 - 14 ~ 6
Egg 10 34 - 8 - 1 -
Milk 13 33 - - - 1

Curds 32 25 - - - 0]

.‘35.0'00....‘........COQ.OQ....QOO.....
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[ Table - 4
) Food Acquisition Tabulation Form (Aggregated)
®
Food 1items Wife Hus- Child- In-law Ser- Pricess
o band ° ren vant Rs/kg.
® |
Palak 38 A0 7 1 2 Ra.t1 - 5-7 bunchses ;
: Gogu 38 01 7 1 2 .Ra.1 - 4-8 bunches ;
PY Amaranth 30 7 6 2 2 Re.1 - 4-6 bunchas
@ | Curry leaves 32 3 8 1 2 Re.1 - 3-6 bunches
P Colocasia leaves 33 3 6 2 2 Re.1 - 5-6 bunches
® | Mint 33 11 6 2 2 Re.1 - 4-7 bunches
® Coriander 1eavgs 36 4 7 1 2 Re.1 - 4-8 bunches
Py “Ponnaganti leaves 30 6 9 1 4 Re.1 - 3-5 bunches
® Drumstick teaves 6 - 2 - - - £
® Fenugreek leaves 30 8 9 1 4 Ra.1 - 5-7 bunches
® Carrot 16 15 6 - 2 Rs. 6 - 8 /kg
® Pumpkin 9 8 4 - 1 Re. 6 / kg
@®  Papaya 22 3 22 - 2 Rs. 4 / fruit ' L'
® | Meat 7 28 8 - 2 Rs. 48-52 / kg. |
® + Egg ‘ 18 15. 12 1 2 Re. 1-1.10/Egg |
. Mi1k | 28 8 14 - 2 Rs. 6.00-8.00/11tre :‘
. Curds 39 3 2 - .- Rs. 7.00 - 14.00/kg.
) ¥ Study data collected in 1994
®
®
®
®
®
®
®
®
Y !
o _ _
®
®




Table 4'5

Frequency of food consumption

(Aggregated Re

Most to Teast
Food items.

Egg

Carrot

Gogu

Coriander leaves
Fenugreek leaves
Colocasia leaves
Mint Teaves
Drumstick leaves
Papaya

Amaranth
*
0-99 ug
1-99 ug

100~1600 ug
1601-2999 ug
>=3000 - ug

R
R
R.
R

Vitamin A content scale
R.

-0

(Vitamin A Rich foods)
sponses) :




Table - 6

Freguency of food consumption (Vita&in A Rich foods)
(Aggregated Responses)

Food Most to least Frequency Vitamin A
code Food items - Rating*
32 Milk 12 2
19 Amaranth 7 3
07 Tomato 7 2
20 Curry leaves 6 3
23 Coriander leaves 5 3
17 Palak 5 2
33 Curds 3 2
21 Colocasia leaves 2 3
31 Egg 2 2
25 Drumstick leaves 1 4
23 Papaya 1 2
27 Carrot 1 3
18 Gogu <t 3
22 Mint Teaves 1 3
25 Fenugreek leaves 1 3
24 Ponnaganti <1 3
28 Pumpkin 0.0 2

x Vitamin A content scale

0-399 ug R.E. -0
1-99 ug R.E. -1
100-1600 ug R.E. -2
1601-2999 ug R.E. -3
>=3000 ug R.E. -4

P




Table - 7
Frequency of food consumption (Vitamin A Rich foods)
(Reproductive Age)
Food Most to least Frequency Vitamin A
code Food items Ratingx
32 Milk 11 2
o7 Tomato 9 -2
33 Curds 6 2
; 20 Curry leaves 4 3
| 17 Palak 3 2
- - 31 Egg 3 2
19 Amaranth 2 3
23 Coriander leaves 2 3
. 21 Colocasia leaves 1 3
i 18 Gogu 1 3
: 24 Ponnaganti 1 3
i 27 Carrot 1 3
j 26 Fenugreek leaves 1 3
) 22 Mint leaves 1 3
| 25 Drumstick leaves 1 4
: 29 Papaya 1 2
| 28 Pumpkin <1 2
e e T e U
!

i * Vitamin A content scale

3 0-99 ug R.E. -0
: 1-99 ug R.E. -1
N 100-1600 ug R.E. -2
iF 1601-2999 ug R.E. -3
A ~ >=3000 ug R.E. -4
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Table - g

Results on hypotheticaj case scenarious

For exampie Night blindness in children

I. What 1isg wrong wWith the child » 24
(Night blindness)
II. What caused ‘it ? : 20
a) Don’t know 4
b) Diet related

ITII. Homs care sought

14
a) Begging food from 7 houses
for 7 days 10
b) Through vitamin A rich diet 4
Iv. ‘How soon improvement expected ?
a) After completion of treatment 8
b) After 15 days of continuous 4
intake of vitamin A rich foods
€) Don’t know : ' 2
V. Evidence of improvement 7 14
When chilg resumes play angd other
activities 1in dim Tight
VI. What to do if no change?
a) Again beg for 7 days
b) Left to fate
c) Take to local/city doctor 11
d) Ophtha]mo]ogist 1
VII. Signs which inspire other steps.
a) If no improvement and condition
deteriorates 9
b) Don’t know 5
VIII. Household decision maker
a) Mother. 1
b) Father 3
c) Parents 4
d) Older women 3
@) Parents and elders 3

Additiona11y data was collected from mothers about their
perceptions regarding health care providers,

Other §cenarious on measles, bitots’ SPots and night

blindness during Pregnancy wera Presented to mothers
and their responses were recorded.
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Table -

foods from most to least expensive
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Tomato

Curry leaves
Amaranth ‘
Fenugreek leaves
Carrot '
Colocasia leaves
Palak

Mint leaves

Gogu leaves
Coriander leaves
Papayax
Drymstick leaves
POnndganti leaves

c:svi/modules. fes
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.30 -

.26 -
.25 -
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Gathered
Gathered

0
.30 - 0.

0

1

.0 - 0.

Rank ordering of food prices for Vitamin A

.87
.60
.79
.79
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Fig.4
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VITAL STATISTICS, COLLECTION OF DATA AND DATA SOURCES

K.Visweswara Rao

National Institute of Nutrition, ICMR, Hyderabad-500007

The term "vITaL STATISTICS" signifies the data and

analytical methods for describing the vital events occuring

in communities. Vital events are those pertaining to human

life such as births, deaths, Sickness, marriage, divorces,

migration, health and nutrition. Statistics covering various

aspects of health, nutrition and demographic picture of

bopulation are included under vital Statistics.

The raw data of vital statistics are generally obtained

through the population ceénsuses, sample Surveys -and vital

statistics_registers.

There are some most useful andg widely used rates, ratios

and proportions. These 1include Crude birth rate, general

fertility rate, general marital fertility rate,

age specific
fertility rate, total

fertility rate, gross reproduction

rate, net reproduction rate, crude death rate, age cr sex or

cause specific death rates, and infant mortality rates.
‘Ratios frequently utilised are SeéX ratio, foetal death ratio

and proportional mortality rate by age, region or diseases.

Health and nutritional status of the communities cap be

assessed through various Measures of morbidity.

Morbidity
relates to types anag varieties of diseases One experiences
affecting the day to day activity. Dpata for the study of the

morbidity of community are not available as are the data on

births .ang deaths because of the scarcity of the facilities

for registration through hospitals. Rates or ratios

frequently utilised are incidence rate, prevalence rate,

0000 0. 00006 06 00 0 ® o0 0000 O0OEGE
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period prevalence rate, case fatality ratio andg proportion of

cases by type of morbidity.

Life tables are generated for having the mean

expectation of 1ifc at birth or any specific age by sex or

region.

For hospitaladministrationand maintenance, indices like

bed OCCupancy ratio, average duration of illness, average

cost of medicines for a patient, number of physicians or

hospital beds or nurses per unit of population are found

useful.

are generated through the work of the research Organisations,

Central Statistical Organisation, State bureaus of

statistics, sample registration system and National sample

Survey organisation- in India. At global level for comparison

between countries on these Statistics, the publications of

- United Nations, WHO, UNICEF, wCHS, FAO and World Bank are

praise worthy. Though statistics generated have limitations

of Coverage, inadequate sampling ~designs  and delayed

availability, there have been impressive improvements in the

generation of Statistics over years in many countries like

India. In  countries 1like Japan, statistics of health,

nutrition, mortality, fertility ang morbidity and. resource

utilisation ang availability are generated for each village

and regions with quick publication.

-The details on utility of vital statistics andg

interrelationships between health, nutrition, fertility anq

mortality will be Presented and discussed with case studies

and international studies. can ye confirm that females have

healthier ang longer 1life than males only in developed

¢ 0 ®
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The available statistics are of use for decision makingi

on this hypothesis.
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1)

and Ethnographic Res

Rapid Assessment Procedures earch in '
- Nutrition and Health

Dr.D.Hanumantha Rao
Assistant Director

Fundamenta to any Successfy]l

effort at helping communities
to over come nutritiona) Problems ig Understanding community
conditions and cultural Perspectives. Deve]opmental planners need‘
information to base their

aproach to Planning appropriatae
Programme, |

With regarg to health ang nutrition, the A]mé—Ata Confernce
defend primary health care as ”essentia1

health even mada
accessible to

individua]s and familjes

in the.community by means
écceptab]e to them,

through their fu13 Participation and at g

Cost that the community ang the country can afford",

To achieve the above, Communities have to be studied and
information obtained,

necessary

Two ways of obtaining Such 1nformation'are

1. Large scale planned ressarch Surveys

2. Visit by the administrators to the areas
tourism).

(deve]opment

The former approach takes bretty

long time and the latter
may not Provide Uunbiased 1nformation SO there g need to develop.

information.

People are studied in either in terms of Numbersg

Or  words,
is a quantitative

The first type

approach to

information
collection,

The second approach

o

1s Qualitative

in nature and
rests on the‘co11ection of subjectiy

a8 information as given by

%QQO."O...C.QQ.‘OQ.C..O.....0.Q.,O’Q
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either the researcher or the subject or informant. This

information is in the form of words rather than in numbers.

"Qualitative 1nformation is like a mountain view, it is both

Panoramic and awe inspiring, yet seductively attractive"”
"If we describe what people do, without enquiring into their

subjective reasons for doing it - we are talking about their

behaviour.

If we study the subJect1ve aspects of what they do, the

reasons and ideas under1y1ng and doing it, then we are concerned

with the worild of meaning.

If we concern ourselves both with what people are overfily

and objectively seen to do (not to do) and their reasons for

doing so (or not doing) which relate to the world of meaning and

understand1ng, we then describe Action” Reynolds (1976).

To understand and obtain information, people are studied in

different ways.

Rapid Rural Appraisa?l (RRA), Rapid Assesément Procedures

(RAP) Participating Rural Appraisal (PRA)),

are the new approaches to meet the growing needs of the planners

to obta1n accurate and appropriate information at low cost in

timely manner.

The RAP/PRA procedures are to help understand1ng of the
success and prob1ems

all, It “requires a close relationship between health care

workers and the community. There is need to understand the

L WSN

Community Diagnosis

O L Vit oo o7




beliefs and percebtions regarding health, prevention and

treatment of illness and utilisation of traditional

and modern
health systems".

"It provides fresh insight into the disease pattern of a

Population and makes it possible to make more efficient action to
improve the health of the group", Sidney Kark. The PRA stresses

the researcher intensity, interaction and progressive learning.

RRA 1is a methodology that approaches 1information from

several intentionally different points of view - “Triangulation”

to improve accuracy, three angles being :

v . 1. Team composition
B

F 2. Units of observation

. 3. Research Method

Mu]ti—discip11nary are needed to approach the same

information from different angles.

. Stratified sample is necessary to improve understanding of

the community.

; Better tools and techniques help to improve guality of

information and cross-checking.




“the functioning of the barticu]ar pattern, rather than

\35 4

Basic principles underlying these rapid procedures :

1. Learning and understanding the community - rapidly and
progressively.

2. Learning from and with the people - face to face - their
problems and priority needs; perception, attitudes.

3. The process of learning intensive, iterative and
interactive. :

The tools/techniques are multidisciplinary - anthropo-

logical/geographical and psychological etc.

Multidisciplinary teams visit and stay with the people to

establish rapport and to learn. The people express their views,

attitudes and perspection in their own language.
Methods of expression by the people could be

1. Visual sharing - diagrams, maps - guantification.
2. Ranking/scoring
3. Participatory mapping/modelling
- Social information about the village
- Occupation pattern
- Health/Nutrition mapping
Méih.princip1es in approach
Emic Approach - Kenneth Pike :
"It is an attempt to discover and to describe the pattern of
that particular tanguage or culture in reference to the in which
the various elements of that culture are related to each other in

can

attempt to discuss them 1in reference to a generalized

classification derived in advance of the study of that culture”




SESE TR

3

SRS D Yo e

- the investigator living and participating among the people over a

Emic approach seeks to -

1. to categorize "meanings’ as nearly as possible 1in the |
ways the natives define things.

2. to assess people defemlion of meaning, their idea systems

as the most important "causes"” or explanations of
behaviour.

The above principles in mind, the following information is

collected from the people.

Franz Boas a poineer American Anthropologist was the first

to use the field techniques which requires 1ntensive.fie1d work,

long period in order to get "in-depth” and "holistic"” information

about those people.

fooiocoooo.oooooc_oaoooooooooooooooooocoo

1. Demographic, socio-economic

particulars including
nutritional status etc.

2. Crop pattern, food production,

marketing availability -
cost, structure.

3. Health infrastructure and their utilization.

Morbidity - mortality pattern and underlying causas.

Health and nutritional status of children/mothers.

6. General food consumption pattern of various age, sex
and physio]gojca] groups.

7. Food, specially, given and avoided to children,

pregnant/lactating women/during various sickness/
diseases. :

8. Health seeking behaviour of the community,
9. Ro1e.of traditional and.hea1th system.

10. Community perception/attitude tow

ards the present system
and expectations.

11. Concepts of Health and disease -

vitamin A deficiency,
anaemia etc.




The following methods are applied to collect the information

from the community :

Methods Applied :‘

1; Formal Interview - structured
2. Informal Inlein

3. Observation

4. Participant observation

5. Focus groups

The information when collected using the above methods and
‘fmmroach would reflect the community’s inference and diagnose of
.the brbb]em, prescription of the solution, initiation of the

‘alction and evaluation of the success or failure of the programme

d:y the community.

PRA stresses researcher intensity, interaction and

.%rogressive learning.

®
‘Fthnographic Research
Many people refer to qua11tat1ve_stud1es as "Anthropological
research” - the approach is developed within anthropoiogy.

X




Ethnology/ethnography - 1is the study of way of life of the

people including the behaviour, belief, knowledge, attitudes and

values of the community.

is some times called “Ethnographié Research"”.
Ethnographic Research Cycle

Identification of
problems

Action Training of guestion

Recommendations Data Collection

Analysis

Processing of
Information

Types of Ethnographic Research

1. Comprehensive
2. Topic oriented
3. Hypothesis oriented

Topic oriented ethnographic Studies - Vitamin A deficiency

. Free listing to obtain inventory of food items.
Pile sorting

Eliciting food attributes
Ratings of food qualities
Household food acquisition
Food frequency checklist
Hypothetical cases.

~NOO oA WN -
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Collection of ethnographic information
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PARTICIPATORY RURAL APPRATISAL (PRA) -\

Dr.P.Venkataramaiah _
University Head of Extension zducation, EEI
Rajendranagar,

flyderabad 30.

In rurat devalopnont.
. 1
@:csources i.el,fpersonnel, financa,
‘\.f-;ith the prob

ems. In
Dlanners

Lhoers rarely sul ficient

to deal comprehensively
mnost circumstances, adr
» Policy makers, researchers, Specialists, workers
“ave to resort tg effect

tive and quick methods
® 1volved while collecti

ninistrators,

with peoples
hen Using such gdata
ation of improvement progr

Ng information and +
@ planning and organis
'.Cer‘tain yeneral aspects
for participatory ap
due 1s highly useful
@inds of rural
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Participatory
de unpro

ammes .
, kev principles and altern

ative methods
Praisal are outlined helow.

This techni..
to closely viork with and

understandg the
peocple by an

dUutsider.

i

metihods do not have to
fessional, indeed,

@icctive ang af
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® ~ Techniques fop PRA& are not PUL Torward ;s substitutes
@cther for schoy Arly worlk or fop Long-term
ismplements to-existing
" - In academic annr
Lp centrast,

be second rate
it given thought, then can be
ficient,

studies but as
methods of SNQguUiry.

Oach, it is meticuleous

and rigerous.
Practioner wants

quick insights and quick
its, snatches

y and 3 few observations, anecdotes and linpressions are

Fesults.  Brierf rural vis
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LR

together ¢ the basis for time~bound decisions.

S
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~-S0s iMnction of phia

PRA can have Many urposes,

Assessment of rural condition

and socqial r@lationship.

and sccial relationship
decisions thoen and

ASSessmant of rural condition

Getting data for

Investigation of
and ch

Lhore

Natural sources, theirp utilisation
anges over time.
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( Principles of PRA.

f In determining aporopriale methods and intensities of
investigation, judgements need to be made on the amount
:ccuracy, relevance, timzliness and practical utility of

informaticn required.

w2y feotures of good PRAS

Intzractive

1. The procecs and geals of the study are not fixed
1

beafore hand, but modilied &s Lhe research team reslises what
?

is or is not relevant.y This involvas “as--you-go® lecarning.

Annovative:
2. There is ng simnle, standardi=ed mathodology.
techniques are developusd for particular situation depending

cn the skills and knowlecdge availablsz.

Interaclive:

et 2= e ¢ T —r————

3. ALl team members and di=ciplines combine togsther

in e way that festers innardisciplinery insights.

Informal v !

4. . The emphasis is, in conirast to the formality
of other approaches, on partly structured and informal

interviews and discussions.
Compoarison of conventional end PRA snorcaches

Techniques employed Convenltional ERA

1. Statistical analysis Ofton a major part little or none,
' use of triangu-
Lation{Several
sources of infar-
maticn).
2. Tormal questionnaiics Ghten included Avolded




:
3. Sampling statistically Often small sample
acceptable size. Statistical

reguirements not
always adhered to.
4. Censulting Yes ' Yas
secondary '

2. HMeasurements Detailed, Qualitstive or
' accurate indicators used.

5. Interview with Through formal A major component
local farmers and fuestionnaire if Using semi--structur o
key informoants at all. interviewing

7. Group discussion Informal unstruc.. Via semi-structure:

- tured sessions workshops  and

brainstorming

The diversity of analysis is the charactoristic

fcature of PRA. This is rursued through the process of

"triangulation‘ that, is, the use of secveral difierent sourcos

@:d means of gathering information. The eccuracy and cowplets

'.ﬁess of an PRA study is maximised by investigating each

“spect of the situaticen in 2 variety of ways. P14 is j semi-

“Lructured activity carrizd out in the
@ inary team and designed to acquire quickly new information
.(‘;1". rural life, \

field by & multi~disciy -

@ 2:isECT

@ transect is j diagram-of main land use zones undertaken
@ .°9 vith o team in an exploratery walk observing minute
‘-’Jetails.

is
£
ic

To get an idea about fearming practices

» Cropping
patterns, pPhysical layouts

Io know egro-eco--system of village

To get §ross-—-section view of the area.

To know the ITK

00 0000 00

‘;‘1“-: '
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STEPS

i. Identify community members

willing to narticipate in

the transect wallc.

with them different factors tn be obscrved.

2, Discuss
d4alk the transect

. Owserve, ask,listen, dent lecture

ronlems and oppartunities

se and skolteh the details

Discuss P

Igentify tne feziur

-~ O Ui

Draw and Ccross chieck

TIME LINE
2 technique of getting historical incidents/information

[
regarding the past tn understand the present.

Helps to didentify points of change and nrobe into CAUSES,

i*+ts effects, so as to understand the present.

sye IS INC LUDE -

= Infrastructure

Crops/yields
Enidemics

remn. changes

e

Political ovents
Time line

1997 Floods
1925 Railwaylinc

1930 Drought/famine
1935 First citrus trae planted

s Zopgi BTSRRI

o+
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TIHE LIME

1907 -~ Floods

S5 - aallway line

4320 - Drought/famine

planted

1935 - First citrus tree
Tailed

1945~ Freadom movement

1955 - School building

~260 - Road

sg64 . Irrigation scheme
1970 = sugar mill

1375 - Drought

19856 = Bank

1990 .. P.House Naw Blig-

i

Participator Moppin
Partrcipe i Jaoppdt

with the help of

2TS
~gt and LN

ground for undcl

250Urcss5.

constructad DY villag

It is a- map
motariels on the

locelly available

vi llage layout, infrastructure and the natural T

2urposes:
g &

L layout of villa

physica
who

ot an impresilon of
sncial structure

villaqge

1. To g

2, To understand the

1ive where
5. To understand thy facilities avallable
4. To get an impression abnut natural resource
of community memhers.

To discover the montal maps

i,;QMEiPPiQQR?PQRXJH%RRLQQ
1. Decide what sort of map ig to be drawn
who know the arese and topic of mapping

Find people
g to share thelr

and who are willin

knowledge-

3. Choosg a suitable place ( Ground, floor), paper)
ons ) for the maps:

and a medium (Lecal mategial/pe

environm@nt
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Help the pecple to start the mapping but let them drow
the map by themselves. Re patiant and Dont interrupt
it is their map.

If they are struckup, invite athers to help them

At times cross check the-presentations with others

and ask them teé modify ih neaded.

a permeanant rocord {(paper) including mappers

Aeep

nzme to give thwen

Thank the pecple for participation.

¢ of mapping

To i entify status of land holding
rmimel resources
Seneficiavies of Dov. pragrammes
Aesidentisl stratificrtion
latural resources like forests, land, Tivers, Sanks,
irrigation otc.
Land use
Mobility of peopls

Tr:atnent plan of soil consarvation

Szasonality on Seasonal Calendarn

It is a technique to understand the ectivities,

'\ﬂ'r*':m:,'f' o

nroblems, opportunitics throughout the yecar in diagrams:

form.

Purpose: To identify. the months,/pericd of vulnersbility

or variancce having an impact on peoples’ lives,

on which further planning can be done tC¢ overcom:

the samo.

Cen _be used to:

N =
. .

(@%]

Identify indiguencus seasons

Climate/Tain fall/temperature

Crop Opcratiung/crcp s UaNCes

el e e LUt Tl RhLT TS T WA R b A T b b - emay

-

;

e '
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1.2. Commodity v

Crop pests and diszases

Livestock diseasns

Human disoases

.

Foader requirement

4.  Labour requirement/availability

vel wood roguirement

£
Food ceonsumption

(7
.

97. Migration

T
13. Income genarating activities

Sepasonzlity  steps

1. Sst the climate far warticipatory discussien
5it down with the informants

3. Carry the saterials needed

[

i

(@]

Initiats discussion on particular toy

1 ¢l
{

.
R
.

i

arav

1y
V)

]
as)

M Qi =N

0

Ask informznts to exolzin seasans

(@2

on paper or ground
5. 3lowly handover the moterials to them and oncourage

them to draw.

~I

for ¢asy understanding.

9, Allow them to hcnga »r correct

9. .Donot interfere tormuch or imnose idead

10. Preparc scoperate illustraticns for sach item

11. Transfer the diagram on paper for recerd

12. Triangulate tho findings

e

=

Help tham to show ine cdetail's by visual reprosentatl - ng




Venn Diagrom

A Venn diagram shows the key institutional linkages

in a community zlong with importance and relationships for-

Tz2cision making.

Becide the village and prepare malerials
Make the villagers setiledewn
Initiote ciscussinn

. Show the villegovrs the indication of options in torms
cf accecss/importance

<. ask them to usu the material and prepare the diagram
Frcbe for more deteils or if they are confused
Allow them to chaonge or medify
Tricngulote the information

G decord the diogram for future use

IR

. Thank every 2ne for cooperction

Changing Trends

Useful mechanism t2 understand the pattzrn of

n
changes in zopuletion, culture, techncloyy, vegetation

resources, wealth and soon, over the ycars.

Furpose:
t.  To understend the nast
2. To understand major e¢vents

3. To probe inte ceusess of changes

4, For planning for future

. 52t the climate for participatory discussinon

2 -ncourage elderly people to givs information

X

' -

3. Initiate discussion ond ask questicns

4, Aask them to writ: d-an

5. Dont insist on snecifics too much




Dant insist on Speéifics too much
7. fAecord information

8. Coempare changas

20 Identify trencs

70, Croass check the informaticn

1.. Thank all the villagers
Sustainsbility analyvsis

It is an onolysis in 2 simple mannar to identify the suitable

scheme for a group Or community.

Purpose:

1. For review of doevelovnmentzl activity

avoilabhio

Te identify tho best zriorvitised schemo
. To develop 2 suitable scheme
il

g, Tz identify the

-+

i

Fh

D ety T
[SANGTIN N W

y of schemes.

SL208, )
Dicide the village and sot the frame work
Initiate discussion cn schumes

snalyse cach scheme on various aspects

i 4, Use simple scoring mechanism

cr
=
[®]

5. Identify the fersibility of schemos by checking
scores (Total)

Cress check the information

Decide the scheme for the village/fcf groups of

peoplao.

murty/15595
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STAKE-HOLDER ANALYSIS

Dr.G.N.V.Ramanz, Consultant, ASCI,Hyder #had

Who are stake-holders ?

Stake-holders can be defined as individuals/institutions that
are _involved in planning. financing. implementing and
benefiting from developmental programumes and without
answering their needs and requirements it is difficult to run a

successful programme.

Some of the stake-holders include:
- Consumers
+ Providers

Programme managers

Policy makers

Donors

*

*

>




Why stake-holder analysis ?

+ Scientific proof Vs. people's preferecne:
The essential logic most programme designers use is
that it is based on a scientific proof of proven efficacy
as evinced by coutrolled experiments and conununity
trials. Uul'urt'l.m:l[‘c!}', we often find many ol these
suc&ssful experiments when translated into National
progranumes, fail to deliver the desired impact.

« Supply Vs. Demand.:

The overriding emphasis on supply with little concern
for demand continue to haunt the programme desion.

While one can not find fault with the programme

managers and policy makers as they certainly are

attempting to do their best to address the perceived
problems, the need for (lé\f@l()pillg a Jogical frame

work to develop a programme which is sensitive to the

needs of the stake holders is being very much felt.

®




[lin-depth understanding of the complexities of the problem

Tools for stake-holder analysis:

Quantitative:

+ Surveys
+ Exit polls
+ Facility Check lists

Advantages: Less complex. larger coverage in shorter time

and provides statistically acceptable outputs and the skeleton

Qualitative:

+ Focused interviews

- Observation studies

+ Focus Groups

« Participatory Rapid/Rural Appraisals

Advantages: Provides flesh and blood which give more

which is being studied.
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Organisation of health care delivery system in India

Level Population | Type of facility | Functionarics FP & MCH scrvices delivered Beds
covered
Primary 1,000 * Anganmwadi * Supplementation: Calorie, Vit A. Nil
‘ worker Iron
* Trained ¢ Non formal Education
Birth ¢ Growth Monitoring
Attendant ¢ Health and Nutrition Education
*+CHYV * Treatment of minor ailments
' * Referral
¢*Home deliveries by TBA !
3000-5000 |Sub Centre * MPHW (F) * Houschold visits & Fixed Centre Nil
* MPHW(M) ® FP: Motivation, Condowms, OP,
IUD
* Antenatal care, Intranatal care,
‘ Immunisation
' ¢ Vitamin A & Iron folic acid
j supple.
| ¢ IEC on MCH & FW |
: * Treatment of Minor ailments '
: ¢ Referval of high risk and needy ‘
fg | cases i |
f L 30,000 :;Prim:n'_v Health . * Gen.Doctors | ¢ Supervision & Co-ordination | 0
‘ i Centre + * Supervisors ¢ Permanent FP methods ; :
.I * Nurses * Basic Laboratory Services ! '
; ¢ Lab Tech, ¢ Intranatal care | ;
1 * Support * Stabilisation of obstetric and !
pacdiatric emergencies !
i * Referral ‘
{Fivst 100,000 ECommunity ¢+ OBGY sp. ¢ All emergency obstetric 30
iReferral Health Centre o * Pacdintrician | procedures 1
| t * Gen.Doctors | * Blood transfusion facilities j i
! ¢ Lab. Tech. |
’5 * Support |
;'Sccoud;u'y 300000- JArca Hospital ¢ Basic specialities 50-75
I 500000 - ¢ Curative services |
[-2 Million | Distriet ¢ NMost speciality seiviees offered 200-350
Hospital !
Tertiary | 3-5 Million Teaching * All specialities and some | 500-1000 '
Hospitals superspeciality services *}
25-30 Super speciality * Ouly superspeciality services 500-1000
Million  [Hospitals

00000000000




Disease Burden

Leading causes
Interventions

Cost effectivenss.

Stakeholder Analysis:

Community
Providers
ProgramManagers
Private Sector
NGOs

Donars

Sasic Health Service Package
| Primary
Secondary
Teriiary
* Feasibility . Inter-sectoral
*Operational Political Co-ordination
efficiency commitment * Environment

* Education
* Nutrition

|..
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Dr.G.Radhaiah
Sr.Res.Officer

DESIGN OF SAMPLE SURVEY 4 -

Sampling is the selection of a part of an aggregate of
naterial or population to represent the whole population. The use
>f sampling in making inference about an aggregate (or
3opu1a£ion) is possibly as old aé civilisation itself. When one
nas to make an inference about a large lot and it 1is not
practicable to examine each individual member of the lot, one
invariably takes recourse to sampling. Sampling may become
inevitable because we may héve 11m1ted resources An terms of

money and/or man-hours, or it may be preferred because of

practical convenience.

Basic principles fqr the design of a sample survey are (1)
vatidity and (1) optimisation. The principle of optimisation
takes into account the factors of (a) efficiency and (b) cost by
validity of a sample design we mean that the sample should be so

selected thét the results could be inter-preted objectively in

-terms of probability.

Suppose 1t is proposed to investigate the nutritiona) status

of the preschool children (1-5 year age) in India. At present

_there are nearly 130 million preschool children in India. To

examine these children, it will take more time, money and reguire
more number of skilled personnel, so the alternative is to study

a sample of preschool chilcren, Samples can be drawn from the

S A S R s Pk 5 0 1 o8 7 st I




entire popu]afion throuéh_various procedures. They are
i) Simple random sampling. °
i1) Systematic random sampling.
i11) Stratified random sampling.
iv) Cluster sampling.
v) Multi-stage sampling.
vi) Multiphase sémp1iﬁg and
vii) Purposive or‘quofa sampling procedures.

viii) Probability proportional to size (PPS)

1) Simple random sampling (SRS)

This method is well app]icap]e when the population is
small, - homogeneous and readily avai]éb]e such as patients coming
to a hospital or 1lying én the wards. The principle here is that
every unit of the population has an equal chance of being

included in the sample.

The sample may be drawn unit by unit, either by
numbering the units such as persons, families or households of a

particular population from the published tables of random

numbers.

11) Systematic random Sampling

This 1s simple procedure and utilised when a complete
list of population from which a sample is to be drawn is
avaijab1e. It 1is more often app11éd to field studies when the
population is large, scattered and heterogeneous. Systematic
procedure is followed to choose a sample by taking every ’k’th

house or patient wherza k refers .PA to the sample interval which

000000 000 0 0000 0000600600 00000000. 090900
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is calculated by the following formula : \Uﬁk
Total population N
K @ e = ———
Sample size desired n

One random number less than K is chosen from random number
tables. If the first random number is 03; then the subsequent

numbers will be 03 +K; 03 +2K, 03 + 3K and so on.

i77) Stratified random sampling

Stratified random sampling procedure is followed when the
population is not homogeneous. The population under study is
first divided into homogeneous groups called strata and the
sample 1is drawn from each stratum at random according to'some
rule. ‘This procedure gives more representative sampde than

simple random sampling in a given large population.

iv.Cluster sampling

A cluster 1is a group consisting of units such as villages,
wards, blocks, factories, slums of a town, workshops or children
of a school. Sampling procedure is adopted for the selection of
clusters. Usua1]y1 simple random sampling or systematic random
sampling procedure is utilised in the selection of c]usters..
After the selection of Clusters randomly, tﬁe complete

enumeration of the subjects in the cluster is carried out.

V) Multi-stage Sampling

This method refers to the sampling procedures carried out in
several stages using random sampling techniques. This procedure

is employed in large scale country-wide or region-wise surveys,
Suppose it is planned to carry out dietary intake pattern on 800

households in four districts of a State during one year. First,

the state 1is divided into agro-economic regions. Atleast one




+
J
i
|
t
+

43

. \he

district 1is selected from each region in the first stage. At
second stage 20 villages representing each block, are chosen.
From each selected village a representative sample of 10

hoUseho]ds are selected for diet survey at third stage.

vi) Multiphase sampling

In this method, part of the 1nformation is collected from
the whole sample and part from the sub-sample. In health

examination survey among school age children, all children in the

- selected school will be surveyed in the first phase. In this

., second phase for blood examination a sub-sample will be chosen 1in

the second phase.

Different steps in a large scale sample survey
Conducting a large scale sample survey 1involves three main
stages : (a) b]anning stage, (b) execution stage and (c) analysis

and reporting stage.

(a) The planning stage consists of the following steps
(1) Defining of the objectives
(11) Defining the poulation

(111) Determination of the data to be collected

(iv) Deciding on the methods of collection of data
(v) Choice of sample unit (S.U.)
(vi) Getting a sampling frame

(vii) Designing the survey
(viii) Drawing the sample

(ix) Training of personne]l

(b) Executicn stage 1nvolves the identification of the sampled

individuals in the

-t

i21d and the fi1ling in of the

questionnnaires.




(¢) The analysis

and reporting stage consists of the following
stagesf

(i) Scrutiny of data
(ii) Tabulation of data

(iii)

Statistical analysis
(iv)  Reporting

(v) Storing of information for future Surveys
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National Institute of Nutrition
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Dr.G.Radhaiah
Sr.Res.Officer
DESIGNS OF EXPERIMENTS

Designing an experiment means deciding how the observations

or measurements  should be taken to answer a particular question

in a valid, efficient and economical way. The design and the
analysis go together, they are inseparable in the sense that if
an experiment 1is properly designed then_there will exist an

appropriate way of analysing the data.

Before explaining the principles of designs, it is proper to

know the terminology used in this context. The terms commonly

used are experiment, treatment, experimental unit, experimental

error and precision.

(i) Experiment : Experiment is a means of getting an answer to
the question that the experimenter has in mind. Example : An

experiment mayv be planned to compare the Japan method of
cultivation with the standard methods used in India.

(11) Treatment : The diffegent procedures under comparison in an
experiment are the different treatments. For example, in

an agricultural experiment, the ditferent varieties of a
crop or the different measures will be the treatments.

(iii)Experimental unit : An experimental unit is the material to

which the treatment is applied and on which the wvariable
under studv. is measured. Examples are the plot of land, cow

and individual.
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iv) Euxperimental error : The unexplained random wpart of the

variation is termed as the experimental error. An estimate
of the experimental error can only be obained by

replication, and it is controlled by the principle of local

- control. An estimate of the experimental error can only be

applied by replication and it is controlled by the principle

of local control.

The provision of an éxperiment is measured by the
reciprocai of the variance of a mean.

The three basic principles of experimental design, as
developed by R.A.Fisher, are (i) Replication (i1)
Randomisation (iii) local control. Fisher illustrated the
function of the principles, from which modern experimenﬁal

design have been evolved in the diagram below

REPLICATTOV
RANDOM LOCAL
DISTRIBUTION y/;PNTROL
VALIDITY OF DIMINUTION
ESTIMATE OF ERROR ERROR

There are so many experimental designs developed for use.
"rominent among them are:

a) Completelv randomized design(CRD), b) Randomized Block
Je51dn(RBD), c¢) Factorial design, d) Latin sguare design, e)
split unlt design and f) Cross-over designs.

a) Completely randomized design (CRD)

A very simple form of experimental design in which the
treatments are allocated to the experimental units (rats or
monkeys or human beings ) purely on a chance or random basis.

 9-00-0-0-0-000 00000000 e0e 600000606000
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Examples

1) The reduction in blood sugar recorded for groups of rabbits
given different doses of insulin.

2) The value of a certain lung infection test recorded for men

of the same age group in’ a number of different occupational |
categories. . '

3) Gain in weight of albinorats of the same age and sex by
varied levels of protein.

4) The volume of liquid
various pipettes to me
repeated measurements
together.

taken up by an exXperiment using
asure 'a standard quantity. The
©n any one pipette being grouped

The results may be anal

Ysed by one way analysis of variance
and Fishers "F" test

b)Randomized_block design (RBD)

This is one experimental design in which each block contains
a complete replication of the treatments, which are allocated to
the various units within the blocks in a random manner and hence
allow unbiased estimates of error to be constructed.

Suppose we can arrange the experiment

as we shall say blocks ) such that members of the same block are
on the whole likely to be have more similarity than members of
different blocks. For example, 'in some circumstances litter
mates 8(in case of albinorats ) may be more alike in their
response than members of different litters (whether for genetic
Or environmental reasons ) . It say, five treatments are to be
compared, one could take litters of five animals and allocate

treatments at random to the individual animals in each litter so
that each treatment occurred once in each litter,

al units in groups ( or

If the blocks are sufficiently large, it may be possible to
arrange that each treatment occurs two or more times within a
block. Each block then provides its own internal replication,
and it becomes pPossible in the analysis to see whether the
relative treatment effects vary appreciably from one block to
another. This may be particularly useful if the blocks are
really interesting in their own right - if for instance, theyv

differentiate between animals of different strains or weights
rather than of ‘ditferent litters.

Here two way
test are used.

of analysis of variance and Fisher's "p"

ratio___ .
~

/
c)The factorial design

Frequently, we may be interested in studying simuitaneously,
the effects of two Or more variablesgs, The variables in which we
are interested are also referred as factors. The experiments in

which two or more factors ars investigated simultaneously are
called the factorial eéxperiments. )

If the experiments are properly designed and conducted it ig
Possible to study the eftfect

well as

S of individual tfactors as

¢
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the interaction between the factors. Interaction is said to
exist when the combination of some level of one factor with some
level of another factor produces an effect different from the
effect of some other combination of levels of the two factors.
For example, let us suppose that we are studying the effect of
age and sex on the ability to learn a skill. The variables age
and sex are the factors. Sex occurs at two levels, male and
female, and if we have three age groups 1,2 and 3, then age is at
three levels. If males in age group three tend to have higher
effects than other age male~ combinations, we say that there is
interaction between the factors, age and sex.

Other examples of interest are:

1) Levels of protein, levels of calories and interactions

"between levels of proteins and calories on gain in body
weight (or gain in height),.

2) Scales of percaput income, grades of maternal literacy and

interactions of percaput income and maternal literacy on

heights or weights or calorie intake or protein intakes of
children.

3) Levels of calories, levels of proteins and levels of iron
and interactions on the gain in weight of albinorats. -

4) Scales ot body mass, scales of body fat and their

relationships to serum cholesterol or blood sugar of adult
individuals, ‘

5} Blood clotting time and the effects of periods of storage
and concentrations of adrenalin.

The advantages of the factorial experiment or design are:
a) The interaction of the factors may be studied.

b) There is a saving of time and effort. In the factorial
experiment all the observations may be used to study the
eftfects of each of the factors under investigation. To
achieve the level of accuracy of the factorial experiment,
more experimental units would be needed it the factors were
studied through two experiments. It is seen that 1 two-factor
experiment is more economical than 2 one-factor experiments.

c) Since the various factors are combined in one experiment the
results have wider ransge of application.

A factorial arrangement may be studied with the completely
randomised design or randomised block design.

(D) Latin square Design

The latin square designs were first used in the agricultural
experiments. Theyv are useful also in medical and biomedical
research work,. Then designs were developed by Prot. R.A.Fisher.

when we wish to compare the effects of treatments numbering

2" in an experiment in which there are two other" known sources
of variation, each at "a"  'levels. A complete factorial design,

with only one observation at each factor combination, would

"
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require a3 observations. Consider the following designs, in

which a = 4. The principal treatments are denoted by A,B,C and D

and the two secondary factors are represented by the rows and
columns of the table as below:

Column

1 2 3 4

Row ;-1 A B C D

2 B C D A

3 C D A B

4 D A B o
~Since at each combination of row and a column only one of
the four treatments are used, there are only a (= 16)
observations., The design is balanced as only one treatment

occurs precisely once in each row and precisely in each column.

In medical or. biomedical research some similar experiments
can be there when treatments are to be applied to a two -
dimensional array of experimental units. For example, various
substances may be inoculated subcutaneously over a two -
dimensional grid of points on the skin of a human subjects ( or
an animal ). Also, the rows and columns may represent in
experiments two identifiable sources of variation. The latin
square can be visualised as a generalisation of a randomised
block design, the rows and columns representing two different
systems of blocking. Some examples of interest are the
following:

i) Ant animal experiment with animals chosen from litters and
studied over different days is performed. Litters can be taken
as representing rows and the days as representing columns. The
individual animals with in- each litter and days receive different
treatments. Here three sources of variation - Litters, davs and
treatments. All the three must be in equal numbers.

ii) A clinical trial on several subjects {( or individuals ) with
treatments being provided to each individual on different
occasions. Three ftactors under study here are - subjects,
treatments and occasions. All these three must be in equal
numbers. Here each subject receives various treatments on
different occasions.

In this type of application the investigator must satisty
that the response observed on any occasion is influenced only by
the treatment currently given and not by any preceding
treatments. :

The interest in this design is to eliminate the influences
of other factors such as rows effect and column effect for
Judging the treatment effect.

{d) Split - Unit designs:

Split—upit designs are frequently utilised in medical and
biological experiments. This design is also named as nested
design. Some examples ot the distinction between main units and
sub-units are as follows:
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Different occasions with the

or animal same subject or animal

Litter Animals within a litter

Day Periods during a day

(Forenoon, Afternoon, Night)

Split - unit design might.be em

ployed to compare long term
effects of drugs say D.,

DZ’ D3 and simultaneously short term

effects of drugs say 17 SZ or 53. Suppose there are 12
subjects, each of whom must receive one of D,, D2, or D3 and each
subject is observed for three periods during which §S., SZ’ and S3
are to be given in a random order. The design, &

etermined byv
randomly allocating the D's to the different subjects and the S's

to the periods within subjects, might be as follows:

Patients , A Drug Drug during period

through out 1 2 3
’ b ! 2 2
= 3 1 3 2
3 D2 S3 SZ S1
% D1 Sq Sy So
5 Dy So Sy Sq
6 Dy So 51 S3
7 Doy Sy S1 Sy
8 D1 SZ S1 S3
9 D2 S, Sq 53
10 D3 Sl 53 S2
11 Dy S3 Sq So
12 D1 Sl SZ S3

This type of design can be utilised for survey data also rather
than for an experiment. Analysis of variance is carried for the
variables or parameters studied with this experimental design.

CROSS~OVER DESIGNS

i) CROSS - OVER DESIGN - GENERAL

The "Cross - over design" is also known as change - over
design. In biological assays, when the number of treatments 1is
small and the etffect of treatment is not long - lasting, the

cross- over design is pretferred and utilised. Each subject or
patient under studyv receives all the treatments or drugs.

This design resembles the Latin square design. The
case is of two treatments, T, and T.. The
or subjects must be taken as a multiples of two treatments.
experimental subjects are to be gdrouped into pairs.
possible that one member of a pair is likelyv to be
the other. Since each member of a pair is
treatment, the superiority of the members
pair will be the same ftor all treatiments.
subjects of the pairs as Jood and poor or as
normal ) and

simpl
number oif veplicat

4 D
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superior thu
taken for each of
2Xisting in a speci
We can classif~ oh
well nourished |
undernourished based on a specific criteria using
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ii. Cross-over designs for Clinical trials

The clinica] trial

is an investigation that utilises human
subjects to evaluate methods of treatment Or management of
batients ip hospitals,

The clinical trials may be classified as followg:

a) Controlleqd clinica] trials - These are conducted for drug
testing and for the improvement of therapeutic Strategies

.b) Partially controlled trials; ang

c)

Historica} studies of Patients ( op bPatient serjeg ).
The controlled clinical trial

evaluation of new treatmentsg or
an evaluatjon of drug

5 Procedure for an
new Procedures, Specifically for

improvement of the

Series of Patients. These

Partially controlled clinica
which fall some where betwe
4 personal Series of pratie

1l trialsg are those of investigations
€N a controlled trial and g, report of

» the investigator will
€ssential] design
f therapy being

trial, For thisg reason, i
there are 4 number of trials that fal} below ideal Standardsg but
vYet are Noteworthy contributiong,

Major limitations Consisted of |
in thesge studiesg lack of apPPropriate controls,

Jects to the Eroups, poor COverage of nNeeded

Historica] studies of
classic unplan
investigator rev

Patients {

Cr patient Series }jg the
ned clinical trial

In this Mmethod, the

lews g Serlies of his bPatients. At the time when /
the investigator_saw U patient, he May not have 4 plan to use the i
data for research Purposesg. The results are USually the f
investigator’s °r clinicj ] !

These investigations
Patients schedules. investigators and
memory lapses of Patient’g data are some
limitations. Statisticians indicate Caution jip the utilisation
of data and the Seneralisation of resultsg based on these Patient
case sheets gag there are No controlg and no randomisation in the
selection of Patients.

lon of data from :

In controlled clinica] tri
different drugs

randomisatjon Procedure. The ¢

these trials hasg resulted inp nNaming
randomiseq clinical] trials.

developed and placed

MUst assesgg the efficacy as well ag

. drugs, The randomiseqd control trials of
be Patterned atfter one ol the designg

als, Patient ag¢
or treatments is

randomisation in
these clinica) Studies

Many new drugs are alwaysg being
in the market .

OOP'.




Body mass index limits for malnutrition. After division of the
subjects of pairs as normal and’ undernourished, the treatment T
is given to the "normal" members of the pairs selected at random

from all pairs and treatment T, is given to the "undernourished".:

members of the remaining half of the pairs. After the period of
treatment Ty is completed for normal ( or under nourished )
subject of each pair, the second treatment is started. The

subjects who are to be given second treatment can be given some
time without treatment to eliminate the impact of previous
treatment. Thus each treatment is exposed to the same type of
units equally and frequently.

An example of the cross - over design, we may provide as
below: ' A
Group e Pair-----—-—=—-—~=—ceoi -~
1 2 3 4 5 6 7 8
Normal T, Ty | Ty Ty To Ty T, Ty
Undernou-
rished T2 T1 T2 Tl T1 Tz T1 TZ

T1 = First treatment ; T2 = Second treatment .

Randomisation made the provision of treatment T, .to the
normal subjects of pairs 1,3,6 and 8. When random allotment is
given to the normal subject, automatically, the second treatment
T2 is given to the undernourished counterpart of each pair.

The cross-over design may be used with advantage ftor human
beings as well as animals like cows or buffaloes where each of
the human beings or animals will serve as replicates. The
treatments are given after some time lag so that there are no
carry over effects of the application of the first treatment.
This 1is more convenient if there are smaller number of
treatments. It there are only two treatments, the first half of
the subjects are selected at random and the first treatment is
given and. the second treatment is given after noting the result
of the first treatment and after some time-lag. To the remaining
half of the subjects, second treatment 1s given first and then
the first treatment is given later.

The advantage of cross-over design is that patient

or
subject taken for study serves as his own control. This reduces
the patient-to-patient ( or subject-to-subject ) variability on

the parameters ( or variables )} studied.

Disadvantage of this cross over design is that the patient

or subject may have 'pobssible carrvover effect. That is, the
first treatment ( or drug ) might still be having an effect when
the second treatment ( or drug ) is given.

There are manv modifications of the cross - over designs.
Most commonly used are: Cross—-gver with baseline, and Double
cross-over. In cross-over design with baseline, shenever
possible, all therapv iz stopped during the baseline period.
This makes the patients or subjects control level measured. This
measured level of subject will be free of anv other treatment
effects. For two drugs Tl and T2 with eight patients, the
details of drug sequences wi“h baseline period is provided below:
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DEVELOPING A SCHEDULE/ Ui 31 OHHATRE _ ?\f;}‘
FOR COMMUN LY A s rmi

. PROE, Vst 1A AT Al
Frincipal and Univ.Head,@&.o.1, Hyd bad.

Questionnaire is a series of written qusstiens

on a tepic about which the respondents ' options are sought.

sarch - the

It is a frequently used tool in survey r=

systematic gathering of information abour penple's balisfs,

attitudes, values and behavicur. There Zre two general AR

ef guestionnaires ! salf-adninistered which resnondents

Fill out themselves and interviewer adininistered, In whizh

the interviewer asks questions and recorss the r2sponses.

The self administeresd fomp s onre elfficiant

vEouesbionnzire can b

effort. For exanmple copiss of

distributed to 100 emplovess, Silled cuz By tham anad

collected within an hour's tiges. ConduoTing Jed

CHEfieul s 3nd

interviews weuld be much more

Hoviever, a self-administered musstionnalri? red S
inatructions and a very carsfcn wocrdin: o f Tie

mrast difficult aspects of 2 pua

tion and the interpretation b kg, Distribusicg
Are usua iy

easy. Ouerall, i1t is Aifficult to swrmesss A Gqueshionen i

for economy. That ia why it in guch o popular and wiriey
used research tool.

Quﬁsti$nnaire Construction

There are two gencral agpects Lo wvery guastionniis

its content and its fermat. The conbtent of a guestionnaiye

refers to the subject matter. The [QUmat pertiing Lo iho

Ei%a e oD
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structure and appesrnce - how the items are worded, thelr

appearance on bhoe paoe, And the Form used for anmwesr g

guestions.
-

Content

In general, it is best to restrict 4 cuestionnsico

to a single issue. IL you want to find oul what collos

students think ahout the conteen =iy with Fhat Gt

Den't zak about tesching mathods v e adeguacy

Libracy.

You can save consich rable Uiiee and it i

previous survey developed suitshle b i Leans . Yo L

alwaye add new guostions, dmel Ly

old mAnes. Wheprevor pescibde, vebadn e none cenp il

AGEUIMING yau e

cuestionnaire, you will ztagt
casunl obsaryv tion and interview. The paprcse Of

chservotion is to lesrn the ray

which guestions muzt tz Zzhkel.

the ohservations to liarn the ranoge «f pindons shuesr oo

ety . .
hold Teoarding the focd, oft thiz sta e a Teoos apsh-

Is

ended interview is prefsrable.

The folleowving brief Lli-t & -usstiops wi il

intarvice on this bopio.

be appropriate for A

1. ‘“What do you think of the 1ot herse 7
2. #hat do you like mest abeut it 7 -
3 ¥

. udhat do you like lesst abwat dt

flaN
.

Is the anything =lae vou wonld Dike to may

wl

food or the gservice

[}

What do you think about the servios ni Facdlins e

a
3
?
:
%
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question clearly.

\&

These genaral questicons are only .to learn what

guestions should be asked on the yuestionnairce.

Format

It can either be structured or unstructured

guestionnaire. :

Structured questionnaires are those in which thsos

are definite, concrete, predetermined Jquesticns.  Tha
questions are presented with exactly the same wording and

the same order to all respondents.

The form of the questions may be either closs® -+

- 1

open. Structured questionnaire may als~ have fixed
tive questions in which responses of the respcndents R
limited to the stated alternaFives. When these charzsi~-i-
stics are not present in a Questionnaire, it can be foree

as unstructured or non-structured Guestionnaira.

In an unstructured Guestionnsire the inter icwe:

is provided with a general guide on the type =f informai:sn
to be obtained, but the exact guestion formation is
largely his own responsibility and the replies
taken down in the respondents own words to the axten:

Possible.

Structured questionnaires are simple to adminizier,
and relatively in'expensive to analyse. The provizicr~ of
alternative replies helps to und-rstand the meaning c# ihe
But such guesticnnaires have limitations
tce. For instance, wide range of dzta and that too in
respondents' own words cannot be obtained with structured

questionnaires.
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Cpen-enced and clesed guestions

) ‘ There are two major categories of gusstions @ orew
° ended and closed.

“iith open-ended questions, fthe resnon-

| Gents write in their own ANswers :

£rample : What do you like mest about this cantesn?

dhack de veou like least akeut the canteosn 7

Guestions

,oask

providad hy the

Tossarchs

=tions, alseo kneoymn

as

ne regspondent to choose

multiple - choi--

Amonog ol

Mhat <2 you think of the coffes hepre

3

B
mat <o vou think of the 3 hwre 7
(too anrvansive) (very reigonzinle) (oo

entad format dis dzoir

1. UWhern the rese
anrswa2rs to a

2. rdhen the rang

. o
froner docs

Tusziion,

¢ Of possibkle anzwer

S 13 30
Juestion woulé hecoms unwiceldy in multiple choice

3. When the rescarcher viants tce aveoid

TOo the respondznt, and

2N

wards.

Multiple-choice (closed) answers arc dasirahi

1. “hen there is 3 large numbecr cof res)

- ‘“‘hen the resesarc

AR

2. When the answers are te e zger:d

3.7 Vhen responses

Croups

ber wants answvers in the

RE

I3 %s

of

£ res

NCEnks an

machine,

INgis 3




Mumbeim ot guestiongs

Boeoinnine researchers often include too w.nl b
= o ;.

in a guastionnaire. In theire decire to omit nothing, o2y

forget that the respondénts will bzcome fotigued and lozc

intercst as they go throuch & unénding list of gquestions.

For most purposes, the shortest th: instrument, the

vordina your guestions

Your guestions should be clesr and maaningi .
4o the respondents. Terms shcould net hae teo diffic: !

b e v s o i~

Don*t cvarsstimets the vecibulary lovel of your rasftnd

u
{
i

Define all difficult or jergon terms. It 1is

include synonyms. lInstead of asking 3 guastion aroun

o or Aatomic T

nuclesr  power, you can ask abcoub nucl

bR,

The svnoiiym may r.oach sone people who miss the proimsrs oo
o z L A

Avoid loadnd terms, sbtare wards and phrasss 7oL7

immzdiatsly raise a2 rad flag.

IR ~ee -
PPN

e [N

el

Avold double-barraled quémtions, Ask
at a time. Don't ask about tha cost and efficiancy T
municipal services. It is preferable to divide this Inic
separate guestions, one concsrnec with efficiency zr7 e

other with cost.

Whenever possible, avoid phrasing quasticns Ln bhe
negative. If you must use a negrtive, be sure to uniariine
it or have it printed in itelics so that it will nzz D
missed.

Example: Cf all the classes that you tock in high

which was the single class thet you likad

I SOOI




' Salance

Balance refers to the neutrality of quastions, Or
providing sufficient items so that the number lecaning
towards one vicw are balanced by an equal number leaning
toward the othdr view. Thc‘goal of balance is to ccuntuiuct
implicit influence from the guestions themselves. The

follwwing shows imkalance in guestiens abcut canteen £330

- Is the mest for salty 7 X
isre the vegatables overcooked 7

75 the ceffce watory 7

Balance can be provided By zskin

Yoo wealk, too strong or about right?”

hias iz “hat the implicd yrosponnos Tor ot e dtems
the some dircction — that Lhoe food dis not O
alternotive to belancing ezch individual item s Lo 7

them ovzrall. Fro example lfar@'the implicit bias in

;
3!
"—-V
43
)

guesticn “Are the vegatables overcocked"?, but

with aneth:sr item of the raverse implied biec

S oo 2R

the meat properly prepared?"

Checklist for evaluating Luestionnaire items

1. 1Is the guestion neccessary ? How useful will the answirs
2

5. 1Is the item clesr and unambigucus 7

3. ¥ill the respondent be compctent tO answel ths

[2V}

as asked
. Will the respondent be willing to answer the guest:ans

S

as asked ?

5. FHave double barrelcd suestions bhaen climinated or
. 3

~J

. revised




0000000000000 00OC

f.0 Is the dtem as short as possihle, while

rultipls choice queztionz provic.:

ot of cholces T Lo othey dinelude a Tdion

avplicalle? crtoaory ? Is

R P - R L PR DR P
Ln.x.-,rg. it U

APprepricts

. Is the anpgear likzly to i

Y¥Ang the fricht thing™)

tored to roduce this Bias 2
AV negetivis such as "ne and "nog”

in s fayp o= Slizihle 7

-

.

=
o
5
)
o

25 Ralanced o bR

Hal

Tt cruals ihe numb: r oﬁ unlavenarai Lo o0 .

Layout

A, sglf—aCministerco UG LIomnadre must

introéuatory statzrent, prasoent the “ucstions in o
read and #@581ly answer.d format and cldse with

thanks or apprezcisticen. ior intervimwcr—afminixL

Gue:tionniire, instructions at Ehe bogining will he
ensure consistency from One interview to tha naxt,

Igﬁgggyptory statement

At the top 45 the Guestionnair: Dricfly

Purpose, identify tho person or group concducting the
redue:t assistance

and provide cercral instrouctions.

example,

SIS To

romainin-

-~

2Ty describa

boon alirse: -
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The purpose of this questionnaire. is to

attitudes towarcds thc canteen. The survey is heing conducios

by Mr/Dr/Miss/Mrs/ § and

effice. ~ We would very much approciate your

assistance in answering the questions below. Fl
write your namg on this form in ordar that tha r

rcimain anonymous.

{uestion Qrder

Bazgin with factual, non-cortroversial

Gencral gusstions on a topic should proos i

questions, as in this example.
1. Whst do you think of this playgrouns

2. Iz thore ensuch play ooudpsesnt

3. Do you feel that any of the play zouipemar:

dangerous ?

This sequence avoidlk sugoesting danqor

raespondant on the first two guestiona. IF donoe s

mentionad in the first two answers, it is likelw

€]

.

salient issue and influence subssasguent 2nswer

Maintain a logical order undsrstzndehbla

respondent. Rgutine items such as age and gonds

Y

with overly persmnal or sensitive questions vecor
&% ’

illicit activitiss, scx or controv.rsial relicicus

political @piniﬁus.

i
S

Answer Format

There are variocus answer formats in whic

inserts a checkmark, number, or lstter. The resio

are placed either to the right or laft of the quizti:

L% e (

take one of five forms : , // ,

> (]

aoa

eplics

K
~ s
. i
- i

“inmcluded at the end. The guestionnaire should nct bsgin
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vith regard to neadtness and appcarnice cneE

/ was the worst and thz

‘has been rated best and the Li T
hand side was bast for presenting the respense blanks.
Howsver, for typed guesticnnaire, the (') or I 4

sasy and acceptable. another acceptable practice is tc
Y

have the rospondents circle their choicc. |

srrange the rasponsc 2lanks to parmit casy

J 1 e - e
1f the ang»nl07 5

tabulation. 7This is espzcielly important 1%

to o koey punchod and analvsed by

whare the onsrator c2n find tham. Dep't sttt TaT R
Ll paca.  Insort ccmpubnr o numiners Siloge o v
BNSWETS .

Exampls: o {
wWhat is vour class in scheol 7 1 2 3 '
Lre you @ full-time or part

time empldves ? Ppll ot e

Wwhit 1s your sa&x ° Fale Foemale

] 2

. . =
what is your age 7 years (i=5)
Closing statement

agk

At the end of self-administaered gu~stionnaira
for any othcr comments or suggestions and then thank the

respondents for their time and cffort.

Prectesting
The first draft of your guestionnairae +will need

revision. No matter how czrcfully you phrasc the original

8]
[

quostions, there will be some words that ars difficult

an

unclear, some topics left out. Elaborstion is casy in

becaussa

intervicw, almost impossible orn a sustionnairca,
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there may be no purson physically present to hslp explain
the meaning of difficult terms or confusing gu:istions, wou

must anticipete all powssible sources of error.

The bert way to rceduce ambiguity is to preteszt Lhe
Guestions.  Try them out on a group'of prople whe are ashkad
the items and, in addition, esked to commant on their wérding
and clarity. Protcéting can be done in & short pcriod of
time.  There is né:nced for detailed sampling #r statistics.

Yry it out on a few people who will not he in the final

seémple but are similar to th:at sample.

Distributing the ¥Forms

Since a guestionnaire is to bo answered in wridsipse
it is more easily administersd to poople sitting Zrwn Lhan

to these standing er en the wmove. The questicomnairse i

igdeally suited Zor office workers, studsnts, library

reacers and oth:irs ho are s.oated st Sisis or tablos

- LT NS Ll -

s

be circulsated at a group meating, handed tso porple indivilus

or mailed.

Group Megtings

)

Y
P -

When an organizatiorn ecr class mosts regqularly

nave a good opportunity to distribubte a quostionnair:.

the survey is brief and reclevant to the groups' purn

it may be possible te have the guesticonnaire £illed cut

the mesting and returnzd directly + 7ou. -
Y Y
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‘Spense bias whan bnly a small pchLntaQr of

Indivicdual Dis tJlbUthD

Uwstiornmaire can be hand. d te
r luave a sotti N with the roguest tha

M ELll-A esut and roturned through the

Xostage

paid return envzlope.  ¥For ma-:i

shouls be given ouk andc

Y oCin he assursA 2V not

el YUestionnaire iy an cnvalaopo,

Lomaddl survey ig

lar
“ographical ap-s guickly, maii :
Ceoits low laboyr- and trave] SoEre e
icn.  There 15 nC need -o Crain intorvicwe e and i

LSpendonts roscive the sama LUCStions postod in the R
ann.r. i mail survey also provid- mEre anconymity o

Spendents than is PCssiblc in a persconal intarvisey,

sadvantages of a majl SUCVEy are its

Woraturn rite apd slowness.

A w21l survey regults in 10 to 33

Percant reti
te, thus I Yuiring th.

researcher to sona out from “hr..
GUastionnair:s as ar

2S¢ nocded for ih,-
nal sample. There is also a proovlam of potentizl

v Liv: times &g many

Juesticonnaires
returned.

I o ' . ‘ '
A mail Survey is not appropriats when timely infor-
tion is neceded.

L SN

i




Difference botween Guost:

10.

"1l

Lonnaires and 3chedules

Qucstionnaire Schedule

It is scnt threugh mail Tt is filled by the rescarcher

through pcrsonal intorview.
Chzap Mere zxpensive

Non-response is high lion-response is lew
Mot known who replies

<Nnown

It is very slow. Many of Information is collccted in
the respondents do not time as many &s ycu want.

raeturm

Yot possible with illitcera= Can he collectad with illit:

tes

Wider and mere reprosonta- Relztivoly less »vd
tive distribution of sample distribution

Nisk ef collecting incom- Generally the intormation
plete and wrong informatiasn complete and accurates

hv

Success liecs mors con the Depands on honesty,

sppearence of the qguestionn-It is not r:guirzd here

iare must bhe attractive

Obscrvation method is nnt Obscrvation mothed can alza
possible along with this uszd with schecdules.

qucstionnaire method.

Identity of thc respondent 15




DEVELOPMENT OF SUITABLE SCALES FOR NUTRITION
SURVEYS AND TESTING ITS VALIDITY
Dr.(Mrs).M.USHA RANI
Faculty member , AFARD,
Rajendranagar,
Hyderabad.

Measuring requires instruments. Measurement is the link
mathematics and science. In a clear form measurement toncers the
assignment of numbers to objects to represent amounts or degrees
of a property possessed by all of the objects. Hence, in its

broadest sensa, measurement is the assignment, according to rules
of numerals to events or objects.

between

Scales & Tests:—~ Tests are scales but scales are not necessarily

tests because scales do not ordinarily have the meanings of
completion and success or failure that tests do. This is the
reason of calling achievement testing but not achievement

scaling, intelligence testing and not intelligence scaling. Scale
is a measuring instrument.

A test is a systemetic procedure in which the individual tested
is presented with a set of constructed stimli to which ha/she
responds, the responses enabling the tester to assign the testee
& nhumeral or set of numerals from which inferences can be made

about the tester's possession of whatever the test is supposed to
measure.,

Procedure for developing standard test:-

Following are the steps
involved far development of tect.

- identification of test areas and collection of test items

- selection of items by determining the item difficulty
index and item descrimination indesx.

- point biserial correlation.

- co-efficient(rpbis) and its estimation.

establishing validity and reliability of the test.

It is important to identify
in the test and also the most
xample :diet during pregnancy

"(ii) . Selection of items:-— The
"considered in selection of items,

"(a) Item difficulty index: The index of item difficulty indicated
the extent tg which an item isg difficult.

following criteria should be

(b) Descrimination idext~ This is th
selection and isg indicated by E 1/
mainly +to find out whether an item
‘.informed respondent from a poorly in

e second criteria {or item
3 value for an item. This is
really discriminates a well
formed respondent.




(c) Point-Biserial correlation coefficient(rpbis) s~ This
indicates interval validity of the test.

The formula for the point biserial 'v* is irphis = M =M /= X F

— ——— e LM L 2L

B 4 q
r ;
where j
rpbis = Foint biserial correlation coefficient %
i
M = mean score on continuous variable of successful group
' P
: on dichotomous variable. -
M = mean score on continuous variable of unsuccessiul
g i
group on dichotomous variable !
a = standard deviation in continuous variable for total
group .
p = proportion of persons falling in successful graoup on |
dichotomous variable 3
g = 1 - p (or) the second group.

(d) representativeness of the teste- Care should be taken to
cover relevant items that represent the test. Validity and
Reliability of the test should be established.

ATTITUDE SCALES

Attitudes play an important fole in determining behaviour with
respect to a particular psychological object. Attitudes may be
measured by a variety of methods and techniques.

Construction and Standardisation of attitude GScale:- This
involved collection and editing of statements or items, pre-—
testing and item analysis.

(a) Collection of items :— Collection of items should be done in
such a way that the acceptance or rejection of each one would
imply a different degree of favourable or unvavourable attitude
towards that particular statement.

(b)) Editing of items:- Screening of items(or) statements should
be done for content accuracy, ambiguity and repetitions.

ITtem analysis:- Respondents with higher score and respondents
with lower score are the criterian groups for calculating the
critical ratio for each item. Responses of these two groups are
subjected to item analysis.

Critical Ratio:- This is, a measure of the extent to which a given

statement differentiated between the high and low groups of the
respondents.

to= X = X /wE(X =X ) 4+ E(X ~ X ) /nix — 1)
H L H H L L
where '

I




X = the mean score on a given statement for the high group
H .
X = the mean score on a given statement for the low group
L
n = member of respondents in the high and low groups
2 2 2
E(X -X ) =¥ -(X )
H H H H
n
and
E(X =X ) =X -E(x ) /n
h L L L
As suggested by Edward the items with "t value of less than
1.75 should be rejected and items having "t’ values equal or

greater than 1.75 should be included in the final scale.

The  final scale should be tested for its validity and
reliability.

Validity and Reliability:-

Mutrition educators require valid and reliable instruments far
evaluation of educational efforts and for research purposes.

Validity -~ A& valid instrument measures what it purposes to
measure. In order to be valid, ‘an instrument must match the depth
and scope of its intended topic, must be reasonable and
understandable to its intended audience, and must bear a

measureable relationship to the Characteristic or quality that it
1s intended to assess. Validity ig mainly of four types i.e.,
content, face,criterian and construct.validity.

Content Validity - This considers the representativeness or
appropriateness of the items of an instrument.

Face Validity - relates to the apprearance of reasonableness p+¥
the test from the perspective of the test taken.

Criterian validity - refers tg the capacity to infer
about a wvariable from the scores obtained on the
instrument.

something
measurement

Construct Validity requires that the instrument be based upon
sound theory aor conceptual rationale.

a
Reliability - g reliable instrument is one that is relatively
free of measurment errors, that is an instrument that would vield

a similar score upon repeated administrations all other factorg
being the same.

Concepts of reliability - Each concept of reliability represents
a different approach to measurement of error,
Stability - represents the consistency with which the instrument

vields the same or similar scores across time, all other sources
of inconsistency held constant.

=
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i
Split-hal+f reliability = In split-half reliability, ony

constructs parallel forms within a single test and computes th
correlation between the two parts.

Internal consistancy reliability - This refers to the degree Q
which each item or luster of items relates to the total tes,
score and is closely related to the split-half reliability. ?

Variety of instrumemts are available for research purposes in thi
field of nutrition to collect date by oral questioning, bu
suitable and relevant tests and scales developed are very few t
measure nutrition and health knowledge,attitude
Hence efforts should be made to develop different
scales by nutritionists for use in nutrition SUrVeYS.

and practices.
tests  ant

Y




'NATIONAL NUTR]

te 0000000000000




NATIONAL NUTRITION MONITORING
Dr.CGowrinath Sasthry,ﬁsst.ﬂirocto

BUREAU
r, BN, Hyderabad

INTRODUCTION

One of the major activities of the Nationa] Institute of

Nutrition (NIN), Hyderabad Since

its inception has been
collection of data on diet and NUtritional

situation of different

population groups through Specific Surveys.,

In addition, NIN

also used to collate the-diet and -

NUtrition data collected by
different State Nutrition Departments. However, some of these
databases, collected by the State Departments, suffered from

I N )

methodological flaws such as lack

of uniform procedure of survey,

inadequate sample size, lack of representativeness of the

Population, etc, Realising thig weakness, the Indian Councii of

Medical Research (ICMR), established National Nutrition

Monitcring Bureau (NNMB) in 1972, with the Centraj Reference

Laboratory at NIN with the fo]lowing Objectives: '

a) To collect data on diet and

Nutrition status from
Fepresentative Sedments of popu]ation, and ‘

00000000

b) To conduct evaluation of ondoing nutrition Programmes,

>
5
()
o))

of Operation

At Present, the Bureau ig operating in the States of

Andhra Pradesh

Maharashtra
Gujarat Orissa
Karnataka Tamil Naduy
Kerala Uttar Pradesh
Madhya Pradesh

West Bengal

0060000

Every year, each State unit has been conducting diet and
‘utrition Surveys covering 500 households in rural areas and 250

.kmseho1ds from five selected g

roups of urban bopulation (viz. 50

'ou_sehmds e

ach from High ITncome Grroup, Middle ITncome Group, Low
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Incbme Group, Industrial Labourers and Slum Dwellers), Cerent]y

in each State, about 800 HH are surveyed in rural areas per year.

-In each of the States, NNMB adopts NSSO sampling frame of
villages to conduct diet and nutrition surveys in a sub-sample of
them. Evaluation of ongoing nutrition intervention programmes
such as Supp]ementafy Feeding Programme (SFP), Vitamin A, Anaemia

prophylaxis programme etc. was undertaken by the Bureau.

Personnel at State Units

Each State Unit of NNMB comprises of the following staff

1. Medical Officer - One
2. Nutritionist - One
3. ANM - One
4. Driver - One
5. Helper - One

Each unit will be provided with a vehicle for field tour.
Equipment 1ike personal weighing scale, anthropometric rod,
infantometer, skin-fold calipers, measuring tape, diet survey

cups etc. are also prdvided to conduct the survey work.

Administrative Control of State Units

~

Currently the State Units function under the Administrative:

Control of the State Nutrition Officer of the State Department of
Health and Medical Services. The Senior Officer of the concerned
Department (viz. Deputy Director/Assistant Diréctor) is
designated as Officer-in-Charge and vested with the necessary
administrative powers to take decisions at the local level and is
responsible for the progress of survey work according to time

schedule suggested by the Central Reference Laboratory of NNMB.
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CENTRAL REFERENCE LABORATORY

The Central Reference Laboratory (CRL) of NNMB, 1ocatéd at
NIN, 1is headed by an Officer-in-Charge with executive powers to
administer and co-ordinate the activities of the CRL and State
Units. The Director of NIN will be the over-all in-charge of the

Bureau. The CRL will have the following responsibilities

a) Providing survey protocol to State Units = areas
(villages) to be surveyed. : ]

b) Training of field investigators.

c) Overall supervision of survey activity.

d) Data processing and analysis.

e) Periodic reporting of data.

f) Organising review meetings and implementing Steering
Committee recommendations.

Data base generated

The following data 1is collected on the selected households

in the village.

a. Socio-economic data of the household;

b. Demographic particulars of family members;

c. Dietary consumption of the family - one day weighment
method;

.d. Dietary consumption of different members in the family -
24 Hour Recall Method;

€. Assessment of nutritional status of family members
- Clinical

- Anthropometrﬁc measurements
(Height, Weight, Arm Circumference, Fat fold at triceps)

c:jgst/writeup.nnmb
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MNational and Internataonal Sourcas gf InPormation with
8Speclal referznce tg Foods and Nutrition,

tion of food is g3 major activity., Plant ang animal "Crops®
‘constitute raw materia] For food and Poog pProducts, Plant A
and animal "Crops" begin to deteriorate shortly after harvsst,
gathering or slaughter; ang this deterioration Very quickly

While mgrs and more Worldwidg concerns garg noticad for an

adsquatae Ffaod quantity, fpgd safsty, Food quality, Greater
8mphasis i3 a}lgsg given for maintaining types and amgunt of
8ssential nutrientg in the Poods consumed,

Nutrition, therefore,

human nged, dne ig visible and the other is invisible.

Hunger and malnutrition 90 together and their toll gn human
life and health Will be glaring,

INTER—DISCIPLINARY NATURE F FooDps AND NUTRITION

nutrisgnt labeling, uitamins, minerals and trace slements in

the diet, problems associated with Obasity,

carcinogengsis, Recsnt Spaciagl interests in Pood technology

center on nguw types of Poog processing, the use of
microuaves, conveniencsg Poods,

Nutritiogn invalves not only

biology, Chemistry, 8ngineering, microbiology, biochemistry,

medicinse, toxicology, but also fPgod habits ang 8conomic and

social fPactorg related tog fygq Consumption and-dist. Theg

Psychoiogy and 30ciology af rood arae important, in an

arfluent socisty uwherg there is 3 wide Choice in theg

selaction gf “urchased foods

2Nnd also in the lgag fortunatae
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areas whers .customs and taboos of ten are responsiblse for
malnutrition although ‘thers may bs no shortage of sessential

nutrisesnts.

Thersfore when we discuss about the sgurces of information

we cannot just confine to Food and Nutrition perss.

INF ORMATION EXPLOSICN

Innumerable estimates have been made of the size of scientific
litserature, which has grown at an expdnential rate in recent
years, The number of Scientific Journals, for instancs
incrsased from 2 in_the seventeenth century to bestween 30,000
and 100,000 at the present time in Science and Technology
alone. It is estimated that 2,000,000 research papers a year
are publisned. Food Sciencse and Téchnology Apstracts contain
over 2000 abstracts svery month (IFIS), compiling Prom 1300
scisntific and technical periodicals. WNutrition abstracts

and Revisws, series A - Human and experimental covers squal

number of periodicals (CAB).

In 17th century information was disseminated via personal
comments, In 15th century a scientist could keep up-to-date
by persuing 10-20 Journals oy spending 30 minutes per day.
Today one has to spend 12 years at 13 hours per sach day to
cover one years literature. ror every 10-15 years articles

ars doubling.

CHANNELS JF COMMUNICATION

Research is an instrumsnt of estaolisning effective communi-
cation for productive use. The apility to presserve and
transfer the experisnces in arts and crafts and sciences,
the aDilify to use symbols or language in short the ability
to ﬁommunicate with each other differentiates human beings
Prom other animals. 20 tne Punction of communication has :

thae survival valus. Trangference of ldeas 1s the transfersncs;
' i

‘of culture, Communication system consists FPour important

components, Communicator, Recelver, Medlia and Messags.
Communication channels are of two types - Formal and informal i

channels aof caommunicatlion.

® 00 00000 o0

—




: 3

PN

Why Do We Cite Uthurs 7
1. Paying homaye to phonser s
2. ULiving credit Por related tu wvork; and it is

moral obligation

(&)

Identifying methodolbgy, Equipment etc,

Pas
.

Providing back yround Isading

Lorrecting one's own vork

Lorrecting the work of others

-

Criticising the work of othurs

Substantiating claims

Alurting reswearchiers to Forthcoming work

C v o o
.

Providing leads to poorly disseminated poarly
indexsd or uncited work

11, Authentlicaling data

12, lduntifying origyinal publiCULiuns_

135, Disclaming the work of others

14, Disputing priority cluims of others

15, Identifying oriyinal publicaliong

duspruving g concept or twam such as

Hodkins diswase Human's gl Pact gtc,

16, HMaking wasy ror your readers to
Fesearch your subject Purther

Documentgy

The whole of civilization has beun built on

the basis of
man' g Capacilty Lu send MYssayus over space and Lime, The

human communicalion network Would be incomplete without ‘some

agency tao store the messayes of past and present, They ara

librerivs or archives,
Documents can be classifiey broadly as Conventiongl documents,
Neoconventional documents, non conventional documents and

Mela documents. ELach ol thuse caleyories can be further

classified and each ol Lhygm

Selve a different purpose or
conslitute a diPPerent format,
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Bibliggraphic control
Delivery of books Act, 1953
National Libraries
Indian National dibliography
Accession List South Agia
Indian National 2cientific UocumenLatlon Centar
Library of Congres
National Library of Medicine
National Agricultural Library
Institute For Scientific Information
Mie University Microfilms International (UMI)
Online Computerised Library Catalog
British Library Lending Division
INFLIBNET

Information Systams

National Information System Por Science and Technology (NISSAT)

National Information Center - WNICNET

AGRIS - International Information System for Agricultural
Sciences and Technology - AGRINDEX

AGRICCOLA, CARIS

. CCGIAR Institutas

International Food Information Servics - FSTA
MEDL ARS

BIOSIS

CaBI

Online access - Dialog, BRS

Digital Librariss

INTERNET

E-Mail

News groups
Listservs

FTP

Electronic Journals
Tels Conferencing
Library Catalogues

WWW - Hyper Text bpased system fPor exploring the
: Internet resources

WAIS - Wide Area Information Service used document
location FPraom Databases

Gopher - Manubased system for exploring Internet resourcss
Chats/Talks




