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ABSTRACT

Background: Dietary records, such as food diaries (FD) and food frequency questionnaires (FFQs), are widely
employed in large-scale epidemiological analyses. Given the regional diversity in dietary habits, this study
aimed to develop and assess the reproducibility and construct validity of a novel FFQ tailored for northern
Karnataka (FFQ-NK).

Methodology: A detailed food list was created based on food use and market surveys in the region. Utilizing
data from 24-hour diet recalls and a supplemental focus group discussion, a 116-item semi-quantitative FFQ
was developed for adults in north Karnataka.

Setting and Subjects: Involving 100 participants from north Karnataka, the FFQ was interviewer adminis-
tered and the participants also completed three 24-hour dietary recalls (DR), serving as a reference for validi-
ty assessment.

Results: Though the FFQ indicated higher food and nutrient intake compared to food records. Significant cor-
relations were found for nutrient intake. Pearson’s correlation coefficients between FFQs and DRs ranged
from 0.717-0.965 (isoflavonols to energy).

Conclusions: The developed and validated FFQ is a valuable tool for epidemiological studies requiring nutri-
ent intake estimates in the north Karnataka population. It serves as an effective dietary assessment tool for
individuals aged 20 and older in large-scale epidemiological studies.

Key-words: Dietary assessment, food frequency questionnaire, validity, epidemiological studies, north Karna-
taka
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INTRODUCTION

Dietary factors are indeed a significant environmen-
tal determinant influencing the development of
chronic diseases. 1-2 The food frequency question-
naire (FFQ) stands out as the predominant tool for
assessing nutrient intake in large epidemiological
studies, often employed to investigate the link be-
tween diet and chronic diseases.3-* Additionally, the
FFQ facilitates the categorization of subjects into low,
medium, and high consumption tertiles, streamlining
the exploration of associations with disease preva-
lence and mortality data in specific populations.>
FFQs are cost-effective and practical tools that repre-
sent long-term intake of energy, macronutrients, and
micronutrients.6-8

They have gained popularity as they pose less tribu-
lation to both the investigator and the subjects in
comparison to other dietary assessment methods.?-12

Though the FFQ are not without limitations, they are
popular as their feasibility is the major advantage for
use in establishing long-term habitual dietary intake.
13 Given the diverse dietary habits in the Indian pop-
ulation, it is crucial to develop and validate Food
Frequency Questionnaires (FFQs) tailored to specific
regions and research goals. Dietary patterns, shaped
by factors like ethnicity, culture, preferences, and fi-
nancial status, underline the need for Food Frequen-
cy Questionnaire (FFQ) validation against gold
standards like specific biochemical markers for pre-
cise nutrient intake measurement.1416 while bi-
omarkers offer independence from biases, they lack
substitution for common dietary components and di-
etary recommendations. In epidemiological research,
FFQs stand out as cost-effective, easily administered
tools, surpassing food diaries and biomarkers in util-
ity.17-19 Despite their widespread use, the less accu-
rate nature of FFQs necessitates data verification
against reference techniques, like food diaries, to
mitigate biases arising from portion size estimates
and memory limitations. The Indian subcontinent is
known for its diverse eating habits and the vast vari-
ety of foods consumed. The recent transition in the
dietary pattern in both traditional food items and
with the easy availability of global cuisine has seen a
persistent  increase in diet-related  non-
communicable and degenerative diseases.20-22

Dietary instruments like the FFQ play a vital role in
epidemiological studies investigating the definitive
role of nutrition on lifestyle diseases and formulating
health policies. This study addresses the need for a
validated FFQ tailored to diverse socio-demographic
populations in the Indian subcontinent, particularly
north Karnataka. The developed FFQ enables inves-
tigations into links between dietary patterns and
health outcomes in the north Karnataka population,
marking the first of its kind for the region, validated
against a three-day 24-hour dietary recall.>

The study was motivated by the clear need to devel-
op and validate an FFQ that is suitable to assess die-
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tary pattern across heterogeneous  socio-
demographic populations with varying incomes and
categories in the regions of Indian subcontinent and
of north Karnataka in particular. The study also
aimed to explore differences in habitual dietary in-
takes that were attributed by age, gender, education,
social class and body mass index (BMI).

METHODOLOGY

Population setting and cohort recruitment: The
FFQ-NK was developed within the diverse popula-
tion of Vijayapura district in north Karnataka, India,
representing both rural and urban demographics. Vi-
jayapura, a prototypical region in north Karnataka,
exhibits a dietary pattern cantered around staples
such as jowar and rice, complemented by a substan-
tial intake of fresh vegetables and greens in the form
of curries and spices. Ethical approval for the study
was obtained from the Institutional Ethics Commit-
tee of BLDE (du) Shri B M Patil Medical College, Hos-
pital, and Research Centre (Ref:
BLDE(DU)/IEC/460/2020-21). Participants were
provided with detailed information about the study
through an information sheet and provided informed
consent. The inclusion criteria encompassed healthy
individuals above the age of 18, while those on ex-
treme diets (anyone consuming more calories than
the specified range (4200 kcal for men and 3500 kcal
for women)) or fasting regimens were excluded. A
total of 130 participants were recruited by a purpos-
ive sampling technique in which the participants
were selected as per the maximum variation sam-
pling technique. On the basis of the participant in-
formant sheet and after exclusion on the predefined
criteria the participants were selected based on ur-
ban/rural settings, gender, age group, physical activi-
ty and BMI. Additionally, their occupational catego-
ries (service and homemakers) and annual income of
the household and their educational qualification
were also considered but with an intention to ensure
that the individuals belonged near equitable repre-
sentation across the various factors which can affect
their dietary choices and patterns.

Development of FFQ-NK: The formulation of the
FFQ-NK was meticulously conducted by leveraging
information from the National Institute of Nutrition,
Hyderabad, India's database, which includes nutri-
tive values of commonly consumed food items. 23 The
dietary pattern specific to north Karnataka, including
infrequently consumed items, and was derived from
areference database developed for the region.24-25

Prior to developing FFQ-NK, extensive literature re-
view, diet surveys, and FFQ development studies
were examined. The preliminary stage involved
formative fieldwork, which was qualitatively fol-
lowed by a sequenced mixed-methods approach.2¢

Food List Construction and Nutrient Alignment:

The development of the FFQ-NK's food list involved a
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comprehensive approach, utilizing two primary
methods:

1. Identification of Food Items: The food list was
compiled through a dual approach: firstly, by
identifying commonly consumed local, regional,
and global foods using 24-Hour Diet Recalls of 50
representative participants aged 18-60 years.
Secondly, written free lists were obtained from a
purposive sample of adults, encompassing foods
available in local stores and from vendors.?” This
combination allowed for a diverse and repre-
sentative compilation of food items.

2. Categorization and Review: The resulting food
list was categorized into fourteen groups based
on their ingredients and preparation methods.
This categorization facilitated a systematic under-
standing of dietary patterns within the study
population.

3. Database Review for Target Nutrients: To en-
sure the relevance of the food list to the study's
nutritional goals, each listed food item underwent
a meticulous review against a comprehensive nu-
trient database.z3 This step aimed to align the
food list with the intake of 32 nutrients, including
energy, protein, fat, carbohydrate, fibre, various
fatty acids (saturated, monounsaturated, polyun-
saturated), essential minerals (iron, zinc, magne-
sium), and a spectrum of vitamins (B1, B2, B6,
B12,C, A, D, E), among others.

4. Validation of Nutrient Profiles: A rigorous vali-
dation process affirmed that the food list included
items accounting for over 95% of the nutrient
profiles used for the epidemiological studies.z8
This validation was conducted through sample
analysis, ensuring that the selected food items
sufficiently represented the nutritional diversity
of the study population.

Description and the Frequency response section
of FFQ-NK: The FFQ-NK was developed with a 116-
item scale that measured food consumption over a
year (96 composite food items (i.e., food items con-
taining one or more ingredients) and 20 simple food
items). The food list was built and categorized into
fourteen food groups based on their ingredients and
preparation methods: i. Starchy staples ii. Legumes
and Nuts iii. Green leafy vegetables iv. Other vegeta-
bles. Egg vi. Flesh foods vii. Milk and dairy products
viii. Sweets and desserts, ix. Pickles x. Salads/raw
food Fruits xii. Fats and oils xiii. Miscellaneous foods
and xiv. Alcoholic beverages

The semi-quantitative FFQ-NK was interviewer-
administered to be more precise and had seven fre-
quency categories for food consumption over 1 year,
from 2-3 times per day to rarely/never as responses.
The participants were also tutored on the normal
portion size typically eaten by them. As most of the
common fruits are currently available throughout
the year, the data capture was done as a single re-
sponse and was noted as small, medium, and large.
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The volume, diameter (2.4 to 3.7 cm) of the most
commonly consumed size, and number of pieces
were standardized for weight equivalence. They
were also assisted in estimating their portion size as
a multiple of the standard measure by using metal
vessels and spoons, as described in earlier studies.23

Administration of FFQ: The FFQ-NK was adminis-
tered to a representative sample of 130 individuals
aged 20-70 years. For validation, 3-day, 24-hour diet
recall interviews were employed as the reference
method due to noted lower overall variance.??
Trained nutritionists conducted open-ended,
prompted interviews over three non-consecutive
days, ensuring avoidance of days with significant die-
tary variations. Respondents provided chronological
reports of all food encounters throughout the day.

A follow-up response rate of 100 participants was
achieved when study's exclusion criteria were ap-
plied for data completeness. The resultant tabulation
involved multiplying frequency of intakes by portion
size and corresponding nutrient profiles reported by
participants.

Statistical Analysis: All statistical analyses were
conducted using GraphPad Prism (version 9.2, India)
for descriptive statistics, frequency distributions, and
graphical representations. For advanced statistical
modelling and analyses, JMP 16.2 was utilized. The
responses from FFQ were subjected to comprehen-
sive analysis, encompassing mean, median, and
standard deviation calculations for various nutrients.
Descriptive statistics were employed to elucidate
demographic details and frequency distribution,
providing a foundational understanding of the ac-
quired responses. Prior to analysis, normal distribu-
tion tests were conducted, revealing that most varia-
bles exhibited normal distribution. However, VIT E,
Flavan-3-ol, Flavones, and Flavanones were log-
transformed to enhance comparability. To assess the
significance across different parameters, regression
analysis was undertaken, focusing on gender, domi-
cile, and per capita income. Associations between nu-
trient intakes from FFQ and the arithmetic mean of
the 3-day DR were evaluated using Pearsons’ corre-
lations. One-way ANOVA tested for overall signifi-
cance, followed by paired t-tests for specific compar-
isons. Simple linear regression was applied to assess
the linear agreement between nutrient scores ob-
tained from FFQ and the arithmetic average from 3-
day DRs. The agreement between the two methods
was further evaluated using the Bland-Altman
method, offering insights into potential bias, repro-
ducibility and limits of agreement

RESULTS

Demographic characteristics (Table 1): BMI, basal
metabolic rate; the study cohort demonstrated a bal-
anced gender representation, with males constitut-
ing 51% and females 49%. The majority of partici-
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pants fell within the 30-40 years age group and ur-
ban residents (56) accounted for the majority of the
study population. A substantial portion of partici-
pants exhibited a normal BMI (39%), while 47%
were classified as overweight. Notably, the majority
of individuals (68%) reported engaging in moderate
physical activity.
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providing a quantitative measure of the strength and
direction of the linear relationship between the FFQ
and the 3-day 24-hour DR.

Table 1: Socio-demographic characteristics of
study participants (n = 100)

Summary of the nutrient intakes: The summarized Demography Participants (%)
findings, presented in Table 2, provide a detailed Gender
overview of the *statistically significant variations in Male 51(51)
nutrient intakes across gender, domicile, and per Female 49 (49)
capita income groups. Significant variations in nutri- Age3gyears) 24 (24
ent intake were identified between males and fe- ;1_40 24 E34%
males. Total energy, net carbohydra‘Fe, total fat, 41-50 22 (22)
MUFA, and folate were notably higher in males and 51-60 12 (12)
the differences were statistically significant and also >60 8 (8)
males reported increased mineral intake, particular-  BMI (kg/m?)
ly iron and calcium. Distinct differences in nutrient Below 18.5 3(3)
intake were observed between urban and rural 18.5-24.9 39 (39)
dwellers. Notably, disparities in the intake of specific 25-29.9 47 (47)
nutrients, including vitamin D, B12, folate and iron, 30 and_ above 11(11)
. i LT 1as sy Per Capita Income/Month (Rs)*

were identified, highlighting the potential influence Below Rs.773 (V) 33 (33)
of dgrpicile on dietary pattferns'. Participants were 773-1546 (Iv) 20 (20)
stratified based on per capita income levels using 1547-2577 (I1I) 23 (23)
Prasad’s classification. While the overall mean intake 2578-5155 (1) 9 (9)
of energy, proteins, vitamin D, vitamin C, and miner- 5156 and Above (I) 15 (15)
als such as iron and calcium appeared lower in the No. of family members
lower economic class (EC) compared to middle and 2-4 45 (45)
high- economic class (EC), these differences were 5-7 42 (42)
statistically insignificant, except for vitamin C (P val- 8-10 12 (12)

e . L >10 1(1)
ue: 0.04), indicating a potential association between Domicile
income levels and vitamin C intake. Urban 56 (56)
Validity of the Food frequency questionnaire: The Rural . 44 (44)
validity of the FFQ was evaluated through Pearson Plzysn_cal activity 12 (12
correlations between responses from the FFQ and Mcottlj‘;erate 68 E68%
the mean of three 24-hour DR. The Pearson correla- Sedentary 20 (20)
tion coefficients were computed for each nutrient, ~*(prasad modified classification)
Table 2: Mean nutrient intakes across demographic Factors
Nutrients Male Female ‘p’value Urban Rural ‘p’value Lower EC Middle EC ‘P’ value
Energy (kcal) 2397 2338 0.00** 2372 2389 0.04 2599 2636 0.87
Carbohydrate(g) 2969 292.6 0.00** 291.6 2989 0.17 322.7 307.1 0.62
Proteins (g) 52.6 49.9 0.6 52.0 53.0 0.02 61.6 54.2 0.29
Fat (g) 1231 1324 0.005** 122.3 1255 0.29 133.7 120.6 0.30
Fibre (g) 46.1 445 0.63 46.4 49.1 0.12 445 48.9 0.50
Saturated fat (g) 37.0 33.8 0.21 37.4 341 0.43 36.3 36.5 0.96
Total MUFA(g) 42.8 36.7 0.002** 39.6 40.2 0.53 43.5 40.5 0.43
Total PUFA(g) 39.5 33.0 0.036 35.9 37.2 0.62 411 35.6 0.35
Vitamin A (pg) 462 377.2 0.029 417.8 4221  0.40 466.8 468.3 0.98
Vitamin C (mg) 284.7 346.8 0.086 316.8 320.2 0.19 2539 375.1 0.04**
Vitamin D(pg) 71.4 67.9 0.377 69.2 67.2 0.00** 69.1 80.5 0.19
Vitamin E (mg) 40.3 38.6 0.850 383 41.7 0.78 40.3 43.0 0.87
Vitamin B1 (mg) 3.18 2.89 0.208 3.0 3.2 0.35 3.1 2.9 0.50
Vitamin B2 (mg) 7.92 6.68 0.115 7.2 7.1 0.04 8.0 7.9 0.96
Vitamin B6 (mg) 6.15 5.76 0.338 59 6.1 0.20 6.2 5.8 0.63
Vitamin B12 (ug) 1.65 1.71 0.698 1.6 1.7 0.09** 1.62 1.7 0.60
Folate (ug) 3589 3193 0.085** 338.7 348.2  0.09** 364.0 332.3 0.47
Iron (mg) 77.1 539 0.020** 65.3 66.8 0.00** 73.1 79.4 0.73
Zinc (mg) 7.9 6.0 1.34 6.9 7.0 0.29 8.1 7.3 0.34
Calcium (mg) 4404 4521 .003** 476.2 550.2 0.12 410 447.1 0.043**

SD, standard deviation; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acids. Mean nutrient intakes were derived from

the initial administration of the FFQ.
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Table 3: Correlation Analysis: FFQ vs. 3-Day 24-Hour Dietary Records

Nutrients FFQ1 DR Pearson coefficient Pearson Coefficient ‘p’ Value
Mean SD Mean SD (Unadjusted (R)) (Energy Adjusted (R))

Energy (kcal) 2391.2 63243 231441 586.51 .96 -

Carbohydrates (g) 296.18 84.14 283.25 82.388 .94 0.89 0.14
Proteins (g) 5099 17.68 48.61 14.57 .92%** 0.85 0.00
Fat (g) 121.37 3391 121.09 3350 .96 091 0.44
Saturated fat (g) 3551 12.90 35.25 1341 .96 0.92 0.10
Total MUFA(g) 39.86 10.49 38.79 9.81 .92 0.85 0.35
Total PUFA(g) 36.32 15.66 3491 1512 .94 0.88 0.99
Vitamin A(ug) 420.16 198.03 387.97 177.14 092 0.85 0.92
Vitamin C(mg) 315.58 183.08 304.29 174.25 .78* 0.60 0.08
Vitamin D(pg) 69.72  20.26 68.66 20.39 92 0.85 0.29
Vitamin E(mg) 39.42 45.87 37.46 43.53  .85%* 0.71 0.00
Vitamin B1 (mg) 3.03 1.15 2.89 1.11 92 0.84 0.19
Vitamin B2 (mg) 7.26 3.99 7.37 3.75 90** 0.81 0.01
Vitamin B6 (mg) 5.99 2.16 5.717 1.99 .90 0.80 0.42
Vitamin B12(pg) 1.63 906 1.74 747 .93 0.86 0.29
Folate (ug) 339.34 116.59 324.87 10891 .95 0.90 0.51
Total carotenes-ug 11668. 5069.2 10975.9 4346.6 .94 0.88 0.29
Selenium (ug) 176.49 72.792 17482 71881 .76* 0.57 0.08
Omega-6 FA (gm) 4733 24.772 47.95 2445 90* 0.81 0.08
Omega-3FA (gm) 37.92 25.173 39.023 25.01 .86 0.73 0.12
Caffeine(mg) 82.10 53.032 84.72 53.07 .84 0.70 0.12
Magnesium (mg) 878.11 295.24 858.11 281.25 .90 0.90 0.48
Flavan -3-ol(mg) 4.16 2.654 3.56 2.25 .96 0.93 0.66
Flavones(mg) 2.59 2.142 2.35 2.25 .80 0.80 0.81
Flavanols(mg) 7.80 2.981 7.26 3.08 0.77** 0.59 0.00
Flavanones (mg) 6.43 12.440 5.83 12.02  .74%** .54 0.00
Calcium (mg) 4404 521 462.3 63.2 71 0.50 0.14
Iron (mg) 65.69 50.734 64.21 4898 .66* 45 0.08
Fibre (g) 46.08 16.754 4291 16.59 .90 0.82 0.29
Zinc(mg) 7.05 2.337 6.82 2.18 B7HH* 0.77 0.00

SD, standard deviation; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acids.

Table 4: Associations with reported intake differences: FFQ vs. 3-Day Dietary Record

Nutrients Age Sex Domicile Per Capita Income
R2 Adj.Rz P R2 Adj.Rz p R2 Adj.Rz p R2 Adj.RzZ p
Energy (kcal) .039 .029  0.04* .062 .052 0.01** 1.08 -0.01 097 0.0579 0.048  0.01**
Carbohydrates(g) .014 .004  0.22 .008 -.001 0.35 0.00 -0.00 0.54 0.0027 -0.007 0.60
Proteins (g) .002 -008 0.00* .034 .024 0.06* 0.01 -0.00 0.32 0.0008 -0.009 0.77
Fat (g) .015 .005 0.00* .008 -.001 0.35 0.00 -0.00 0.63 0.0299 0.019  0.08**
Fibre(g) 0 -010 0.90 .050 .040 0.02** 0.00 -0.00 0.47 0.0100 -0.0001 0.32
Total MUFA (g) 212 -010 0.96 .005 -.00 0.46 1.85 -0.01 0.96 0.0524 0.042  0.02**
Total PUFA (g) .015 .005 0.00* .029 .019 0.09* 0.00 -0.00 0.74 0.0524 0.042  0.02**
Saturated fat (g) .003 -007 0.00% .0012 .002  0.27 0.00 -006 0.56 0.0528 0.043  0.02**
Vitamin A (pg) .005 -004 046 .000 .00 0.85 0.01 0.00 0.23 0.0413 0.031  0.04**
Vitamin C (mg) .002 -007 0.61 249 -01 0.96 0.02 0.01 012 0.0135 0.003  0.25
Vitamin D(pg) .000 -009 0.77 .008 -.001 0.36 0.00 -005 0.49 0.0135 0.0033 0.25
Vitamin E (mg) 012 .002 0.27 .001 -.008 0.69 855 -0.01 0.92 0.0112 0.0010 0.29

Vitamin B1 (mg) .017 .007 0.19 .010 .000 0.31 0.00 -0.00 0.83 0.0099 -0.0002 0.32
Vitamin B2 (mg) .001 -009 0.73 .027 .017 0.09** 0.01 0.00 0.28 0.0215 0.011 0.14
Vitamin B6 (mg) .003 -006 0.54 .013 .003 0.24 0.00 -.009 0.80 0.0266 0.016 0.10
Vitamin B12 (pug) .001 -008 0.71 .000 -.00 0.80 0.00 -.006 0.54 0.0103 0.000 0.31

Folate (pug) .005 -.004 046 .006 -.00 0.43 0.04 0.03 0.04** 0.0007 -0.009 0.78
Iron (mg) .000 -010 0091 .005 -.00 0.46 0.00 -.009 081 0.0006 -0.009 0.79
Zinc (mg) .012  .002 0.00** .060 .05 0.01** 0.00 -0.00 0.53 0.0469 0.037 0.03**

Magnesium (mg) 012 .002 0.26 .02 .01 0.11 0.0 -0.01 09 0.03 0.026  0.05**
Total Carotenes .0005 -.009 0.82 .010 .00 0.31 0.011 0.001 0.28 0.03 0.028  0.05**

Note: 'R?" and 'Adj R?' refer to the coefficients of determination and adjusted coefficients of determination, respectively. 'p' denotes the p-
values for significance. '0.00' indicates p-values less than 0.001. **' denotes significance at the 0.01 level, *' at the 0.05 level. SD, standard
deviation; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acids.

Positive correlation values indicate a positive linear = mates from the FFQ and the 3-day 24-hour DR, im-
relationship, while negative values suggest an in-  plying that the FFQ is a reliable tool for capturing di-
verse association. A high positive correlation would etary patterns. The correlation analysis serves as a
indicate strong agreement between nutrient esti- validity assessment, offering insights into how well
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the FFQ estimates align with the more detailed in-
formation obtained from multiple 24-hour DRs over
three days.

Correlation analysis between the FFQ and 3-day DR:
The study investigated associations between person-
al characteristics and the difference in reported nu-
trient intakes derived from the FFQ and the 3-Day
Dietary Record (3-day DR) as shown in table 5. This
analysis aimed to identify potential factors influenc-
ing variations in reported dietary information. The
coefficient of determination (R”"2) varied widely,
ranging from as low as 0.1% up to 32%, indicating
diverse levels of explained variability in reported nu-
trient intakes between the Food Frequency Ques-
tionnaire (FFQ) and the 3-Day Dietary Record (3-day
DR). None of the personal characteristics considered,
including age, gender, and socio-economic status,
were found to be significant in the models for nutri-
ents (lowest R*2, were noted for iron, vitamin C, vit-
amin D, vitamin B1, vitamin B12, and vitamin B6).
Among the personal characteristics, sex emerged as
significant for six nutrients, with men exhibiting
larger differences in reported intakes for energy,
proteins, fibre, PUFA, vitamin B12, and zinc com-
pared to women. Age was found to be significant for
intakes of total energy, protein, total fat, saturated
fat, PUFA, and zinc. However, the differences were
smaller for the intake of carbohydrates, other miner-
als, and most vitamins. Socio-economic status played
a significant role in intakes of energy, total fat, MUFA,

Sajjanar DS et al.

PUFA, saturated fat, vitamin A, magnesium, zinc, and
total carotenes. Folate consumption showed a signif-
icant increase among the rural population.

Table 5: Bland-Altman Analysis: FFQ vs. 3-Day

Dietary record

Nutrient Bias* SD 95% CI
Carbohydrates(g) 12,13  27.67  6.64-17.62
Proteins (g) 2.45 7.98 0.87-4.04
Fat (g) 0.99 9.65 -0.91-2.91
Fibre(g) -219 761 -0.67--3.7
Total MUFA(g) 131  4.01 0.51-2.11
Total PUFA(g) 1.28 5.27 0.23-2.32
Saturated fat (g) 292 1950 -0.42-1.00
Vitamin A (pg) 12.7 123.6 -11.7-37.27
Vitamin C (mg) 7.21 69.7 -6.61-21.0
Vitamin D(pg) 0.08 11 -1.37-2.9
Vitamin E (mg) 1.08 18.11 0.03-0.12
Vitamin B1 (mg) 0.14 0.5 0.04-0.24
Vitamin B2 (mg) -0.03  1.73 -0.38-0.30
Vitamin B6 (mg) 027 075 0.12-0.42
Vitamin B12 (ug) 0.07 0.22 0.031-0.120
Folate (ug) 6319 2217  587.8-675.85
Iron (mg) 1.28 21.25 -2.93-5.50
Zinc(mg) 029 06 0.16-0.43
Magnesium (mg) 11.73 7848 -3.83-27.30
Total Carotenes(pg) 552.6 32589 -93.9-1199.2

Analysis performed on energy-adjusted nutrient intake; SD, stand-
ard deviation; CI, confidence interval; MUFA, monounsaturated
fatty acid; PUFA, polyunsaturated fatty acids. n.a. * Positive differ-
ences in the average discrepancy between the two methods indi-
cate an overestimation of nutrient intake by the FFQ.

Figure 1: Bland-Altman Analysis for total energy and macronutrients (protein and carbohydrate): Each par-
ticipant’s (n=100) difference in nutrient intakes between the FFQ (Y-axis) and the average of the 3-day die-
tary records is plotted against the mean intake from the two methods (X-axis).
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Figure 1(a): Energy (kcal): Mean Difference = 118.0 (95% CI: 90.76-145.24). The Bland-Altman plot for total

energy intake shows a mean difference of 118.0, with a 95% CI ranging from 90.76 to 145.24.
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Figure 1(b): Protein (gm): Mean Difference = 2.45 (95% CI: 0.87-4.04). The Bland-Altman plot for protein in-
take demonstrates a mean difference of 2.45, with a 95% Confidence Interval (CI) ranging from 0.87 to 4.04.
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Figure 1(c): Carbohydrate(gm): Mean Difference = 12.13 (95% CI: 6.64-17.62). The Bland-Altman plot for
carbohydrate intake reveals a mean difference of 12.13, with a 95% CI spanning from 6.64 to 17.62 The sys-
tematic trend indicates that, on average, the FFQ tends to provide higher estimates for protein, carbohydrate,

and total energy compared to the 3-day dietary records.

Bland-Altman Analysis: FFQ vs. 3-Day DR: To as-
sess the agreement between reported nutrient in-
takes from the Food Frequency Questionnaire (FFQ)
and the 3-Day DR, a Bland-Altman analysis was con-
ducted. This method provides insights into the extent
of agreement, potential biases, and variability be-
tween the two dietary assessment tools. Differences
in nutrient intake between the FFQ and the 3-day FR
were plotted against the mean nutrient intakes of the
two methods. Positive differences in the average dis-
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crepancy indicated an overestimation of nutrient in-
take by the FFQ. A larger value of bias, reflected by
wider limits of agreement (as indicated by the 95%
Confidence Interval), suggested a greater extent of
overestimation by the FFQ. For macronutrients such
as carbohydrates and fats, as well as a range of mi-
cronutrients, there was a bias towards positive dif-
ferences. This implies that the FFQ tended to provide
higher estimates of certain macro- and micronutri-
ents compared to the 3-day food diary. Bland-
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Altman plots indicated a systematic trend towards
higher estimates with the FFQ for certain nutrients
compared to the food diary records. This suggests a
consistent pattern of overestimation by the FFQ. The
summarized results of the Bland-Altman analysis,
including bias, limits of agreement, and other rele-
vant metrics, are tabulated in Table 5.

DISCUSSION

The authors have made a sincere effort to develop an
FFQ to capture the dietary pattern, which can be rep-
resentative of the one widely prevalent among the
population of north Karnataka (FFQ-NK), also
termed inland north Karnataka (Belgaum, Bagalkot,
Bijapur, Gulbarga, Bidar, Gadag, Dharwad and Bel-
lary). The pattern can also be extrapolated to the
population of nearby regions like inland central Ma-
harashtra (Nanded, Hingoli, Parbhani, Jalna, Au-
rangabad, Beed, Latur) and inland eastern Maharash-
tra (Buldana, Akola, Amravati, Wardha and Nagpur),
where sorghum is still important in the consumption
basket and a staple along with rice and wheat. A con-
scientious attempt was made to include a compre-
hensive list of the food items consumed among the
sample population, which could be representative
for group comparisons as they tend to capture the
habitual intake of the population in north Karnataka
over a given period. To the best of our knowledge,
this 116-item FFQ-NK is the first to be developed and
validated for use in population of Karnataka.> 9-11.26

The above-validated FFQ-NK shall serve as an im-
portant tool to register dietary patterns and average
energy and nutrient intake in the region of north
Karnataka. It can further serve to design studies that
investigate the association between the dietary pat-
tern and common diseases of interest prevalent in
this region. Registering energy and nutrient intake is
key to obtaining more reliable evidence for diet-
health relationships from nutritional cohort studies.
In the present study, 100 participants completed all
of the questionnaires (i.e., 1 FFQ and three 24-hr die-
tary recalls). It was validated against a 24-hr diet
record as a reference tool, as no truly gold standard
exists.2? In comparison with the 24-hour diet record,
the FFQ-NK tends to overestimate nutrients unad-
justed, as in previous studies-? 22

Socioeconomic factors like the income of the family
also had stronger associations, particularly with the
average protein intake and nutrients like vitamin D,
vitamin C, calcium, and zinc, than the total energy in-
take. Age and sex were the other determinants that
significantly affected the intake of certain nutrients.

The present study also found that the high- and mid-
dle-income sectors had higher intakes of average to-
tal energy and most of the micronutrients in compar-
ison to those in the lower income sector. Future re-
searchers should be aware of the likely cumulative
impact of the suggested differences and relation-
ships. The majority of research conducted in India
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has hitherto generally explored pricing and expendi-
ture as significant determinants of food consumption
patterns, with socio-economic and regional factors
receiving less attention and as possible determinants
of variations in food consumption patterns. Higher
income groups are generally linked to healthier eat-
ing habits, which include consuming a variety of
fruits and vegetables and more sources of proteins
like dairy, poultry, meat, and oil. People in higher in-
come levels tend to consume more of these foods
than those in lower income classes, likely because
higher income levels correlate with higher socioeco-
nomic standing, which raises awareness of health is-
sues and nutritious dietary options.30-32

Moreover, studies have also reported that low pur-
chasing power, either due to a lack of regular em-
ployment or lower socio-economic status, is another
possible factor for the lower consumption, as is also
the lack of education about the nutritional benefits of
fruits and vegetables.33-35

The average of the 3-day DR was considered to cor-
relate with the FFQ derived nutrient values for vali-
dation. The correlation coefficient (energy adjusted)
that was discerned between the FFQ and 3-day DR
(0.45 to 0.93) was comparable to those reported by
similar validation studies conducted in Trivandrum,
South Kerala (0.34 to 0.72)35 and also by studies set
in rural villages in Ernakulum district, Kerala (rang-
ing from 0.32 to 0.61) > and in Gujarat (ranging from
0.55 to 1.00)° Additionally, some other studies have
also demonstrated a range of coefficients that ap-
peared to be similar to our range.263436 The findings
of this study indicate that macronutrients like total
fats and proteins have the largest association,
whereas trace elements like iron, selenium, and cal-
cium and vitamins like vitamin C have lesser correla-
tions.3738 and the flavonols (0.59) and flavanones
(0.54) also had lesser correlations. As previously es-
tablished, these nutrients may tend to have weaker
correlation coefficients and significant within-person
variability in validation studies since they are not
concentrated in most diets.>37

Certain macronutrients, such as carbohydrates and
proteins, and others, such as folate, total carotenes,
zinc, iron, selenium, and magnesium, were overesti-
mated by the FFQ compared to the 24-hour dietary
record. Also, vitamins like A, D, E, C, B1, and B6 were
overestimated by the FFQ, whereas vitamins B2 and
B12, along with copper and zinc, were underestimat-
ed by the FFQ compared to the food record. It is not-
ed that the independent sociodemographic factors
may account for 32% of the variation in the differ-
ence between the two assessment techniques. For
the majority of them, gender was a significant ex-
planatory factor, with men over reporting intakes in
comparison to women for total energy, proteins, fi-
bre, PUFA,vitamin B12, and zinc, whereas other re-
searchers noted a reportedly increased intake by
women for most of the nutrients.3? Dietary fibre in-
takes have been linked to lower family incomes in
previous studies*0 that looked at the relationship be-
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tween income and dietary fibre intake. Similarly, our
findings discerned an increased intake of dietary fi-
bre by the middle- and higher-income groups and
those belonging to the rural setting. Apart from being
the first to develop a FFQ for use in the north Karna-
taka population, our study has some significant
strengths. First, a wide range of tests were used to
assess the validity of the FFQ, correlation coefficients
in conjunction with the Bland-Altman approach.
When assessing the validity and reproducibility of a
food frequency questionnaire, the Bland-Altman
method has been found to be more effective than
correlation analysis. Furthermore, the study's sam-
ple size was adequate to estimate the limits of
agreement for the Bland-Altman analysis, which is a
prerequisite for evaluating the validity of the FFQ.2?

The FFQ was administered by the interviewers, who
were registered and experienced nutritionists prac-
ticing at the institute, and we believe that this is the
study's strength preventing underreporting and en-
hancing consistency. The participants were also
trained to understand portion sizes. The guidance on
portion size will be implemented as a pre-requisite
for all future administrations of the current validated
FFQ. A 116-item FFQ could have been lengthy, which
may have led to participant enervation and also nu-
trient overestimation at times. Some of the recog-
nized sources of error we would like the researchers
to be wary of are predetermined and set food lists,
intra-individual variations due to memory and inter-
view fatigue, and also errors in interpreting the ques-
tions and portions of the food items listed.*!

Additionally, though DR and 24-hour food diaries are
often used as the most accepted reference tools for
validating the FFQs, they are not known to be with-
out limitations due to reporting errors attributable
to gender and differences in BMI of the individuals.36
Omission of validated biomarkers for nutrient as-
sessment represents a notable limitation in our
study, impacting the comprehensive validation of nu-
trient intake data. The absence of direct biomarker
measurement may affect the accuracy and reliability
of nutritional assessments, warranting cautious in-
terpretation of the results. Future researchers can
strengthen the findings of the current study by in-
cluding biomarkers specific to the nutrients for
cross-validation studies. In summary, the creation
and validation of the present Food Frequency Ques-
tionnaire (FFQ) constitute a critical first measure
that enables us to employ it as a key instrument in
epidemiological research to evaluate food intakes,
dietary patterns, and associations with disease at-
tributes in the people of North Karnataka, India. It
would be wise to evaluate the prospects of the appli-
cation of this FFQ in the regions of north Karnataka
where the populace has similar dietary habits.

CONCLUSION

In summary, the authors have successfully developed
and validated the first Food Frequency Question-
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naire (FFQ-NK) for the population of north Karna-
taka, India, providing a valuable tool for assessing di-
etary patterns and nutrient intake in the region. The
FFQ-NK, comprising 116 items, demonstrates associ-
ations with socioeconomic factors, age, and sex, high-
lighting disparities in nutrient intake among differ-
ent income groups. Despite certain limitations, such
as potential overestimation and reliance on self-
reporting, the FFQ-NK offers a robust foundation for
future epidemiological research in understanding di-
etary influences on health in this specific population.
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