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Abstract

Objective: To develop a psychometrically valid questionnaire for testing knowledge
on micronutrients and to assess the relationship between knowledge and bio-
markers of micronutrient status among adolescents.

Design: Cross-sectional, institution-based, validity and reliability study.

Setting: Seven higher secondary schools were covered in the limits of Greater
Hyderabad Municipal Corporation, Hyderabad, India.

Subjects: Students aged 15-19 years, n 92 for the pre-test, 7 108 for test—retest and
n 109 for studying the relationship between knowledge and biomarkers of Fe,
retinol, ascorbic acid, a-tocopherol, folic acid and vitamin By, status.

Results: From an item pool of 106, thirty-one items were selected based on content
validity. Statistical tools to obtain a valid and reliable questionnaire among adoles-
cent boys and girls resulted in eighteen items with a difficulty index of 0-11-0-86,
discrimination index of 0-20-0-72 and validity index (point bi-serial correlation) of
0-10-0-62. Reliability as measured by Cronbach’s @ was 0-71 and the intra-class
correlation coefficient was 0-80. A Bland-Altman plot showed good agreement
between test and retest scores. The mean response score to the eighteen-item
questionnaire was 5-2 (sp 2-68). The mean values of serum retinol were significantly
different (P= 0-022) between groups below (24-8 (sp 6-64) pg/dD) and above (28-0

(sp 7-67) pg/dD the 50th percentile of knowledge score. The relationship persisted Knowledge ql::t);:::(rli‘::
after controlling for economic status as a covariate using analysis of covariance Adolescents
(P=0-018). Other micronutrients did not show any significant relationship. Micronuirients
Conclusions: A valid and reliable eighteen-item knowledge questionnaire was Refinol
constructed and found to have a significant positive relationship with plasma retinol Psychometric indices
status alone. India

Micronutrient deficiencies are rampant in India among all
age groups. The intervention strategies include supple-
mentation, fortification and dietary diversification, the
latter being the most sustainable approach. This strategy
can be promoted through intense education and mass
awareness programmes. Lack of culture-appropriate
nutrition education has been identified as one of the
weakest links of nutrition interventions in India targeting
micronutrient malnutrition'”. One of the obstacles for
this could be the lack of information on current nutrition
knowledge among different population groups, which in
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turn can be attributed to the lack of validated assess-
ment tools for testing knowledge among target groups.
The need for valid and reliable tools in nutrition educa-
tion research for assessment of knowledge is now
well recognized on account of the realization that the
poor association between nutritional knowledge and
dietary intake may be due to the poor assessment of
knowledge*'?.

Development of a valid questionnaire based on pre-
defined criteria was suggested by Kline'”. Applying these
criteria, a general nutrition knowledge questionnaire was
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developed for the US adult population which has been
translated, pre-tested and used widely®™. Attempts have
been made elsewhere to develop reliable questionnaires
for nutrition education research, focusing on general
nutrition knowledge of adults®®”. Tools have also been
developed for use among elementary-school teachers
and children aimed at measuring the dietary intake or
general nutrition knowledge®'”.  Additionally, there
have been needs-based attempts in the past to develop
questionnaires addressing specific areas of nutrition
knowledge like fat, fibre and cholesterol’®'". A ques-
tionnaire was also developed for assessment of physical
activity, diet, weight-related attitudes and cultural identity
among American Indian children® .

Furthermore, studies on the relationship between
nutrition knowledge and nutritional status are often
restricted to either intake data or body weight'*1
Studies attempting to relate nutrition knowledge to the
biomarkers of nutrients are difficult to find. Such infor-
mation can however be helpful for strengthening validity
in the development of nutrition knowledge ques-
tionnaires. A valid and reliable questionnaire can help
nutrition scientists to monitor the impact of interventions
aimed at improving the dietary intake of micronutrients.

There are no validated tools in the literature to assess
knowledge on micronutrients, deficiency of which is an
emerging area of concern in developing countries like
India. Since adolescence is an age group where maximum
behaviour change is possible"®, the aim of the present
study was to develop a psychometrically valid and reliable
questionnaire for testing knowledge on micronutrients.
The study also attempted to apply the validated ques-
tionnaire among a group of adolescents whose micro-
nutrient status was already assessed, to understand the
relationship between knowledge and biomarkers of
micronutrient status.
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Methods

All procedures and protocols were approved by the
Institutional Ethics Committee. Permission was obtained
from the principals of the participating schools and the
Directorate of Intermediate Education, Government of
Andhra Pradesh — a southern state of India. The study
was carried out in 2009-2010 in Government-run schools
which cater to students belonging to low- and middle-
income families. A written informed consent from parents,
and assent from students, was obtained.

Development of questionnaire

The questionnaire was constructed using the method
suggested by Kline® and Garret and Woodworth”. The
process of questionnaire construction consisted of forming an
item pool, carrying out a content analysis, and analysing the
item difficulty, discriminative power, validity and reliability.

Item pool

The item pool addressed specific micronutrients on the
basis of: () those that were known to be deficient among
the population; (i) those that had a reliable biomarker;
and (iii) intake data being available. Among the fat-soluble
vitamins, vitamins A and E were selected. Vitamin C,
vitamin By, and folic acid were addressed among the
water-soluble vitamins. Fe was the only mineral con-
sidered on account of its low intake and widespread
deficiency. The questions were designed within three
major domains: (i) functions; (i) signs of deficiencies; and
(iii) sources of the micronutrients. A few questions on
general health, nutrition and national programmes were
also included (Table 1). An item pool of 106 questions
was constructed from the literature, available validated
questionnaires and by consulting experts in the field of
nutrition. The item pool was subjected to content analysis.

Table 1 Knowledge segments covered under the domains of function, deficiency and food sources in the item pool

No. Segment No. of items

1. Micronutrient deficiency 27
Causal relationship: anaemia, night blindness and scurvy
Emerging evidence: non-communicable diseases and role in common infections like cold

2. Awareness on nutrients and nutrition 23
Balanced diet and ability to identify food sources of carbohydrates, protein, fat, vitamins and minerals

in the diet

3. Food sources of micronutrients 21
Fe, vitamin A, vitamin C, folic acid, B vitamins, vitamin E and vitamin B4,

4. Micronutrient functions 11
Maintaining general health and vigour, synthesis of Hb, role in cognition, brain development, work capacity,

attention concentration and depression

5. Nutrient availability and storage in the body 13
Emphasis on absorption promoters and inhibitors, storage of fat-soluble and water-soluble vitamins

6. Processing losses 6
Washing prior to cooking and cooking per se

7. Awareness on hygiene 2
Hand washing and worm infestation

8. Awareness on national programmes 3
Addressing micronutrient deficiencies — vitamin A, Fe, folic acid and iodine

Total number of items 106
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Content analysis

Content analysis was done by the judgement method. The
questions were direct and no negative phrasing was used.
Two independent reviews were carried out by a panel
of five experts from the fields of nutrition, psychology,
medicine and basic sciences to select the questions that
were appropriate, accurate and interpretable. The accep-
tance, rejection or modification of an item was based on
majority opinion.

Pre-test

The questionnaire was translated to the regional language,
Telugu, using the forward-backward translation method
and pre-tested in a group of adolescents aged 15-19 years
studying in 12th grade. The questionnaire was self-
administered. The group consisted of equal number of
students from science and commerce streams (72 92) from
both genders (thirty-seven girls and fifty-five boys).

Scoring

The thirty-one-item questionnaire consisted of twenty-eight
closed-end questions and three open-ended questions.
The closed-end questions consisted of sixteen ‘yes/no’
questions and twelve multiple-choice questions. There
was only one correct answer to each question and an
option of ‘not sure’ was used to reduce response bias.
The responses were scored by awarding a mark of 1 to
the correct response and a mark of 0 to an incorrect or
blank response.

Item difficulty index

The item difficulty index (p) was determined by the
number of students in the group who performed correctly
on the item and expressed as a ratio of correct responses
to the total number of questions. An item with a value of p
below 0-20 was considered difficult, while p above 0-80
indicated an easy item‘'”.

Item discrimination index

The steps involved in determining the item discrimination
index (D) consisted of identifying the 27% of students
who had the highest overall scores and the 27 % with the
lowest scores, representing the tail from the mean of
the standard normal distribution of response error’”. The
plevels for the upper and lower groups were determined
as described above, and then the p levels of the lower
group were subtracted from those of the upper group;
the resulting values were considered as D. The higher
the D, the more discriminating was the item. A value of
D= 0-20-0-29 was considered ‘acceptable’, D= 0-30-0-39
as ‘good’ and D > 0-40 was considered ‘excellent’ as per
available literature™® .

Item validity index
The validity index of each item (calculated as point
bi-serial 7) was determined by the extent to which the given

https://doi.org/10.1017/51368980012000055 Published online by Cambridge University Press

LF Augustine et al.

item could discriminate among students who differed
sharply in the function measured by the test as a whole and
was determined by the inter-correlation between each item
in a scale'”. Point bi-serial 7 is mathematically equivalent
to Pearson product moment correlation and is used when
one of the variables is dichotomous. A point bi-serial  of
0-2 was considered valid® except in circumstances where
an item was considered essential in terms of content
validity. In such cases, an rvalue of =0-1 was considered a
minimum requirement as described in the literature”.

Internal consistency

The rational equivalence method using Cronbach’s a was
employed to assess the reliability of the test. Cronbach’s «
estimates the reliability of test scores with respect to
(1) how well the individual items of the scores fit together
and (i) whether they assess the same construct. It
assesses the inter-correlations of the items in the test and
the correlations of the items with the test as a whole.
A value of a above 0-70 was considered acceptable on the
internal consistency as per available literature®'” and
was done using the SPSS statistical software package
version 16-0 (SPSS Inc., Chicago, IL, USA).

Test—retest reliability

Considering a minimum of five observations for each item
and a drop-out rate of 20%, in total 108 students were
considered sufficient for the study on test-retest reliability
of the eighteen-item questionnaire that was developed.
The questionnaire was self-administered. The time taken
to complete the questionnaire was noted down using
a wrist watch. The students were kept unaware of the
retest that was done after a gap of 7 d’. A total of 100
students completed both the contacts of the test—retest.
A Bland-Altman plot was constructed and the intra-class
correlation coefficient ICC) was calculated for assessing
the agreement between the scores®”*". An ICC above
0-75 was considered acceptableV.

Relationship between biomarkers and knowledge
on micronutrients

The knowledge questionnaire was applied to a group
of students participating in a 2-year study on ‘Stress,
allostatic load and micronutrient status among students:
impact of dietary advice’. For this, five single-gender
schools catering to male students from three different
geographical locations of Greater Hyderabad Municipal
Corporation, Andhra Pradesh, India were selected.
Students with congenital anomalies, physical handicaps
or any other chronic health problems requiring medical
attention and those taking micronutrient tablets for the
past year were excluded from the study. A total of 380
students were recruited for the study using probability
proportional to size sampling, from whom a blood
sample was collected for analysis of micronutrient status
in a randomly selected sub-sample of 150. One hundred
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and nine of these participants were available for testing
the validated knowledge questionnaire, which was done
after a gap of 6 months.

Micronutrient status

The baseline blood samples were collected after an
overnight fast and analysed for Hb®? and plasma
ferritin®®, folic acid and vitamin B, (RIA kit by Siemens Inc.,
LA, USA). Simultaneous determination of plasma retinol and
a-tocopherol was carried out by HPLC (Thermo Finnigan,
Herts, UK)*?. An ascorbic acid assay was done on the same
day using the «,a-bipyridyl micromethod®”. The ferritin
ELISA and HPLC methods for retinol and a-tocopherol
were in-house methods and are continuously validated by
the VITAL-EQA (Vitamin A Laboratory — External Quality
Assurance) programme of the Centers for Disease Control
and Prevention (Atlanta, GA, USA). The percentage
inadequacy of micronutrient status was computed using
cut-off values derived from the literature®®.

Economic status

Economic status was derived from the information
collected on twelve household assets by computing the
standard of living index‘?”.

Statistical analysis

All statistical analyses were done using SPSS version 16-0.
Descriptive statistics were used to summarize the results.
Item analysis (item difficulty index p, item discrimination
index D, point bi-serial » and Cronbach’s a) was done for
psychometric validation of the thirty-one-item questionnaire.
The Bland-Altman plot was constructed using the MedCalc
statistical program version 11-5-1-0 (MedCalc Software,
Mariakerke, Belgium). The relationship between knowledge
and biomarkers of micronutrient status was tested by the
two-tailed independent-samples ¢ test between groups
above and below the 50th percentile of knowledge score.
For micronutrients which were not normally distributed, the
non-parametric Mann—Whitney Utest was used. Analysis of
covariance was performed taking the standard of living
index as a covariate, knowledge as the independent variable
and micronutrient status as the dependent variable.

Results

The content analysis of the 106 items resulted in the
selection of six multiple-choice questions, twenty-one
yes/no questions and four one-word-answer type ques-
tions. There was no significant gender difference in the
scores of respondents during the pre-test (= 0-995) and
therefore only pooled analysis was done.

Psychometric indices
The item difficulty index p ranged from 0-11 to 0-86. There
were three relatively easy questions (p= 0-84-0-80) and
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three difficult questions (p=0-11-0-19) and all the rest
were in the desirable range of difficulty (Table 2).

The item discriminative index D ranged from —0-32 to
0-72. Eight items with a discriminative index below 0-20
were discarded as poorly discriminating questions (Table 2).

Twelve questions had item validity index » above 0-2.
Due to good content validity, six items in the range of r
from 0-1 to 0-2 were retained, resulting in an eighteen-
item questionnaire (Table 3).

A Cronbach’s a value of 0-71 was obtained for the
eighteen-item scale. The domains were combined in the
shortened version. The Bland-Altman plot showed a mean
of 0-8 with few outliers (Fig. 1). The ICC of 0-80 was sig-
nificant at P<0-01. The final questionnaire consisted of
twelve items on functions/deficiencies, five items on dietary
source and one question on hand washing (hygiene). The
questionnaire took about 15 min to complete.

Relationship between the valid eighteen-item
questionnaire and micronutrient status

The mean age of the students was 16-6 (sp 1-24) years; their
mean height was 163-7 (sp 6-:95) cm, mean weight was 47-5
(sp 7-37) kg and mean BMI was 17-7 (sp 2-23) kg/m?.

The knowledge scores of the students ranged from 0 to
14, with a mean of 5-2 (sp 2-68). Fifty-nine per cent of the
students scored below the 50th percentile of knowledge
score, i.e. a score of less than 5-0.

Micronutrient status

The mean values of micronutrients were 13+9 (sp 1-63) g/dI
for Hb, 446 (sp 80-1) ng/ml for ferritin, 0-42 (sp 0-29) mg/dl
for ascorbic acid, 26:3 (sp 7-4) pg/dl for plasma retinol,
328:9 (sp 164-42) pg/dl for a-tocopherol, 5-5 (sp 1-9) ng/ml
for folic acid and 246-0 (sp 110-00) pg/ml for vitamin By,.

Knowledge and micronutrient status among students
Plasma retinol status was significantly different between the
groups below and above the 50th percentile of knowledge
score (P= 0-022). Other biomarkers of micronutrient status
did not show any significant relationship with knowledge
score (Table 4). The analysis of covariance performed
with micronutrient status as the dependent variable and
standard of living index as a covariate also confirmed a
significant difference in retinol status based on knowledge
score (P=0-018).

Discussion

Several studies assessing knowledge have been found to
report on a questionnaire being ‘pre-tested’ without
providing the statistical attributes that establish its reli-
ability and validity®*". A structured approach of scaling
is of prime importance for the construction of a knowl-
edge questionnaire in order to establish its validity. To
our understanding, there are no validated questionnaires
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Table 2 Difficulty index and discrimination index values of questions in the knowledge questionnaire

No. ltem p D No. Item p D
1. Example of a vitamin 0-61 0-24 16. Animal foods as the major food source of vitamin B> 0-30 0-32
2. Iron as an essential mineral for the body 0-86 0-32 17. Vitamin C as the absorption promoter of iront 0-44 0-24
3. Low intake of iron as a reason for anaemia 0-57 0-60 18. Groundnuts as a source of vitamin E 0-51 0-04*
4. Less activity exhibited by anaemic 0-39 0-04* 19. Fruits & vegetables as a source of B vitamins 0-74 -0-32*
5. Iron as an integral part of haemoglobin 0-41 0-72 20. Washing hands for prevention of infections (iron) 0-47 0-56
6. Familiarity on folic acid 0-84 0-20 21. Beta-carotene as pro-vitamin At 0-39 0-24
7. Role of folic acid in red blood cell formation 0-39 0-24 22. Colour code for beta-carotene 0-20 0-08*
8. Vitamin A deficiency as the cause for night blindness 0-45 0-28 23. Lime as a good source of vitamin C 0-68 0-08*
9. Familiarity with ‘fat-soluble vitamins’ 0-75 0-32 24. Cooking losses of B vitaminst 0-43 0-20
10. Example of a fat-soluble vitamin 0-22 0-60 25. Fresh vegetables & fruits as source of B vitamins 0-79 0-04*
11. Familiarity with ‘water-soluble vitamins’ 0-37 0-36 26. Cooking loss of vitamin C 0-30 0-44
12. Example of a water-soluble vitamin 0-19 0-52 27. Banana as an easily available source of B vitamins 0-49 0-52
13. Phrynoderma as a deficiency of essential fatty acid and vitamin E 0-27 0-08* 28. Food as major source of micronutrients for the bodyt 0-58 0-20
14. Vitamin C deficiency as a cause for spongy bleeding gums 0-37 0-44 29. Fruits and vegetables as source of vitamins and minerals 0-86 0-16*
15. Vitamin C deficiency pre-disposing to infectionst 0-28 0-24 30. Cereals & pulses as starch-rich foods 0-13 0-20
31. Pulses as protein-rich foods 0-11 0-24
The item difficulty index p is the ratio of the number of correct responses to the total number of responses (n 92). The higher the index value, lower the difficulty. D is the item discrimination index.
*Indicates the items discarded due to low D.
tIndicates the items discarded due to low item validity index (r) value of 0-0335 to 0-1319.
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Table 4 Indicators of micronutrient status according to knowledge score below or above the 50th percentile:

15—-19-year-old students, Hyderabad, India

Below 50th percentile

Above 50th percentile

Biomarker Mean SD Mean SD P value
Hb g/dl 137 2-36 141 2-64 0-346
Ascorbic acid (mg/dl) 0-42 0-282 0-42 0-308 0-758
Retinol (pg/dl) 24-8 6-69 280 7-67 0-022*
a-Tocopherol (wg/dl) 326 200-0 331 99-5 0-369
Folic acid (ng/ml) 5-4 1-84 56 2:09 0-418
Vitamin B4z (pg/ml) 244 108-1 248 114-9 0-946
Ferritin (ng/ml)t 46-9 101-47 40-4 35-06 0-758

The knowledge score ‘below 50th percentile’ indicates a score of =<5-0 (n 64) and ‘above 50th percentile’ indicates a score of >5-0

(n 45). Comparisons are made between the means along the rows.

*Significantly different means.

tThe high variation observed is due to one extreme value of 821 ng/ml. The data were analysed after logarithmic transformation.

include Zn and vitamin D in the item pool. Iodine was
not included on account of the universal salt iodization
programme(34) currently in operation in the country.

The selection of questions from the item pool was
perhaps the most difficult step involved in our study. The
expertise of the panel with regard to the domain of
knowledge tested and the anticipated difficulty level
of the item were considered while selecting questions.
The nutrition component in the school curriculum, and
nutrition messages propagated by the Government of
India through the popular electronic media (television),
were the basis for this. Accordingly, a number of questions
on dietary sources that were judged to be inappropriate
were deleted from the item pool. Questions related to
nutrient absorption were also deleted as they were judged
to be too technical for the group being studied. Care
was also taken to select items which were simple, easily
understandable and suitable for 15-19-year-old adolescent
students of low and middle income level of economic
status. Thus the selected thirty-one questions mostly
attempted to test basic knowledge on micronutrients.

To obtain a valid questionnaire applying appropriate
statistical methods, the thirty-one items were pre-tested in
a group of adolescents. The statistical tools applied, such
as item difficulty index, item discrimination index, item
validity index and reliability test, provided an eighteen-
item questionnaire. The spread of data, difficulty level
and discriminative power of this eighteen-item ques-
tionnaire were within acceptable ranges. Nine items
belonging to the domain of dietary sources did not show
significant item to total correlation and were discarded.
Some of the items had low inter-correlations but were
retained due to content validity. The reliability of the
questionnaire of @ = 0-71 was also within the acceptable
range and is in agreement with the widely accepted
general nutrition knowledge test” and a knowledge
questionnaire developed for US children which had an
a of 0-7?. Thus we constructed a short self-administered
questionnaire that required 15 min to complete with no
gender-specific items and so can be used for adolescents.
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This had an added advantage of easy assessment of
knowledge useful in pre—post knowledge assessment
studies on micronutrients.

In an attempt to understand whether true knowledge
will be reflected in biomarkers of micronutrient status,
we applied this questionnaire in a group of adolescent
boys. The prevalence of anaemia among this study group
was 21%, which is similar to the anaemia prevalence
among males (1549 years) in the State of Andhra Pradesh
as well as the national average®?. Further, the prevalence
of subclinical vitamin A deficiency of 17-5% and ascorbic
acid deficiency of 75-:0% reported in the present study
were similar to those in a study among apparently healthy
adults from western India which reported 21 % and 77 %
respectively®. The other micronutrient deficiencies
observed in the study population were similar to those
reported in the literature in a similar group from a similar
location® | implying the representativeness of the study
sample.

Among the micronutrients tested, plasma retinol alone
showed a positive relationship with knowledge score,
suggesting that knowledge on micronutrients can influ-
ence the status of at least some nutrients. This relationship
persisted after controlling for economic status, a known
confounder for micronutrient status on account of afford-
ability and thereby intake®®”.

Evidence relating knowledge, dietary intake and bio-
markers is meagre except for one study among nineteen
volunteers that evaluated the impact of dietary counsel-
ling among cancer survivors, with an experimental group
receiving dietary counselling to increase fruit and vege-
table consumption. The plasma levels tested were for
carotenoids, vitamin C, a-tocopherol and cholesterol.
Plasma carotenoid levels and ascorbic acid showed a
change with acceptance and compliance to diet therapy® .
Another study from western India, where population
characteristics were similar to our study group, examined
the relationship between dietary habits, plasma retinol and
plasma ascorbic acid among 214 men and 108 women.
Results showed a dose—response relationship of intake with
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serum retinol alone and not with vitamin C®”. The
findings were explained on the basis that vitamin A is fat
soluble, can be stored in the body and therefore better
reflects the dietary habits of the individual. The present
study findings can also be explained along similar lines,
with knowledge influencing dietary habits which are
reflected in biomarker levels. Data on fat intake were not
collected. However, the study in western India was done
in a population where socio-economic status was similar
to our study participants, and it is believed that fat intake
would also be similar in both groups. In the absence of
any other reported literature, it would not be wrong to
consider retinol status as a good biomarker sensitive to
knowledge on micronutrients and which may change
with changes in knowledge following dietary advice.

The implications of our study findings are varied. First,
they emphasize the need to use validated questionnaires
in nutrition research involving qualitative aspects like
knowledge. Second, they show that knowledge on
micronutrients, if assessed correctly, may relate to the
blood levels of specific micronutrients of the target group
as reported herein for plasma retinol. Increasing the
knowledge of the population increases the sustainability
of interventions as well as voluntary compliance by the
target population.

Although parental factors can influence food choices,
the participants of the present study were close to
adulthood and therefore culturally possessed a certain
amount of autonomy in their food choices. The majority
of the participants had a higher educational qualification
than their parents and contributed in performing family
food chores. This background information on the study
participants gives us sufficient confidence in using them
as ‘change agents’.

There are limitations that need to be considered when
interpreting the study results. The generalizability of
the test—retest data may be limited since the study was
done in girls alone, even though the pre-test showed no
gender difference in scoring. Dietary intake data were not
collected, which could have provided more conclusive
evidence for the relationship we found. A positive rela-
tionship of knowledge with micronutrients like folic acid
(where body stores are not available) cannot be ruled out,
on account of the time lag of 6 months between the
assessments of micronutrient status and knowledge.
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