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Abstract

Objective: Obesity is a growing problem in India, the dietary determinants of
which have been studied using an ‘individual food/nutrient’ approach. Examining
dietary patterns may provide more coherent findings, but few studies in
developing countries have adopted this approach. The present study aimed to
identify dietary patterns in an Indian population and assess their relationship with
anthropometric risk factors.

Design: FFQ data from the cross-sectional sib-pair Indian Migration Study (IMS;
7 7067) were used to identify dietary patterns using principal component analysis.
Mixed-effects logistic regression was used to examine associations with obesity
and central obesity.

Setting: The IMS was conducted at four factory locations across India: Lucknow,
Nagpur, Hyderabad and Bangalore.

Subjects: The participants were rural-to-urban migrant and urban non-migrant
factory workers, their rural and urban resident siblings, and their co-resident
spouses.

Results: Three dietary patterns were identified: ‘cereals—savoury foods’ (cooked
grains, rice/rice-based dishes, snacks, condiments, soups, nuts), fruit-veg—
sweets—snacks’ (Western cereals, vegetables, fruit, fruit juices, cooked milk
products, snacks, sugars, sweets) and ‘animal-food’ (red meat, poultry, fish/
seafood, eggs). In adjusted analysis, positive graded associations were found
between the ‘animal-food’ pattern and both anthropometric risk factors. Moderate
intake of the ‘cereals—savoury foods’ pattern was associated with reduced odds of
obesity and central obesity.

Conclusions: Distinct dietary patterns were identified in a large Indian sample,
which were different from those identified in previous literature. A clear ‘plant
food-based/animal food-based pattern’ dichotomy emerged, with the latter being
associated with higher odds of anthropometric risk factors. Longitudinal studies
are needed to further clarify this relationship in India.
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Globally, the past two to three decades have seen a rise in
the prevalence of obesity, a risk factor for chronic diseases
such as CVD and diabetes, to which dietary factors have
been linked”. Traditionally, nutritional epidemiology has
evaluated individual food/nutrient consumption as it relates
to disease profiles. A new trend, with established

*Corresponding author: Email ams131@mail.harvard.edu

reproducibility and validity, has been to assess composite
dietary patterns®®. The rationale is that since foods are
eaten together, their combined consumption might have a
different impact on health than their isolated intake. This
also circumvents certain methodological challenges of indi-
vidual food/nutrient analysis, such as confounding by other

© The Authors 2015
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foods/nutrients and collinearity™. Additionally, assessing

the impact of composite diets on disease risk might be more
relevant for making dietary recommendations®”,

One of the methods used under this approach is an
a posteriori one — using data reduction techniques to elicit
predominant dietary patterns from existing data, using
which two dietary patterns have been most commonly
found: the ‘Western” diet (high intakes of meat, high-fat
dairy, refined grains and fast foods) and the ‘prudent’ diet
(high intakes of fruits, vegetables, fish, whole grains,
legumes and low-fat dairy)(s’(”&g) . In several longitudinal
studies, patterns characterized by high intakes of fruit,
vegetables, reduced-fat dairy and fibre have been asso-
ciated with reduced weight gain relative to those char-
acterized by high intakes of meat, potatoes and refined
grains®10-12)

Such analysis has essentially been done either in Western
countries™® or in large global samples using highly simpli-
fied food group frequency questionnaires™®, and the gen-
eralizability of the conclusions of these studies to other
countries is questionable. This is particularly true for India,
where there are unique and diverse food cultures, and
which is also in the middle of a ‘nutrition transition™!>.
Therefore the objective of the present study was to ascertain
predominant dietary patterns among Indians and assess
their associations with obesity and central obesity.

Methods

Study design

Data from the Indian Migration Study (IMS) were used,
details of which have been described preViously“G_lS)‘
The IMS is a cross-sectional sib-pair study, carried out in
factory settings in four cities from northern, central and
southern India (Lucknow, Nagpur, Hyderabad and Ban-
galore), consisting of 7067 participants (4123 men and
2944 women). Rural-to-urban migrant factory workers,
and a 25 % random sample of urban non-migrants, along
with their co-resident spouses, were asked to participate.
Each migrant participant was asked to identify a sibling
residing in a rural area, preferably of the same gender and
similar age, who was then invited to participate. A sub-
stantial proportion of the rural sample so generated came
from the four states in which the factories were based. The
urban participants were also asked to identify a non-
migrant, urban-dwelling sibling for inclusion in the study.
Fieldwork took place between March 2005 and December
2007. The study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by
the All India Institute of Medical Sciences Ethics Commit-
tee (reference number A-60/4/8/2004). Informed consent
was obtained from all participants; after translation into
local languages, information sheets were signed, or if the
person was illiterate, a thumb print was used.

A Satija et al.

Antbropometric measurement

A digital weighing machine with 100 g accuracy (model
PS16; Beurer, Ulm, Germany) was used to weigh partici-
pants while in light indoor clothing. For measuring height,
the Frankfort plane was used with a portable plastic stadi-
ometer with a base plate, with 1 mm accuracy (Leicester
height measure; Chasmors, London, UK). Two measures of
waist circumference were taken at the narrowest part of the
abdomen between the ribs and the iliac crest, as seen from
the anterior aspect, on bare skin, with a non-stretchable
metallic tape with a blanket lead-in (Chasmors). Obesity was
defined as having a BMI (weight/height®) >25-0 kg/m**”
and central obesity as having a waist circumference
>94-0 cm for men and >80-0 cm for women@”.

Dietary assessment

Frequency of consumption of various food items was
measured using an interviewer-administered semi-
quantitative FFQU®?122 " which assessed frequency of
intake (number of portions consumed on a daily, weekly,
monthly, yearly/never basis) of 184 commonly consumed
food items in India. For reliability assessment, sub-samples
of participants from the IMS were asked to complete the
questionnaire one to two months (7 185) and twelve
months (7 305) after original data collection. Kappa
coefficients ranging from 0-26 to 0-71 were obtained®,
which are similar to values obtained in other studies***%.
Another 530 participants (urban participants sampled from
the IMS and rural participants recruited from rural areas
neighbouring IMS factory sites) were administered a
reference method of three 24 h recalls to validate the FFQ.
Details of this validation sub-study have been published
previously®?. In brief, most food groups yielded accep-
table wvalidities, with Spearman correlation coefficients
ranging from 0-25 for egg to 0-72 for cereals. Indian food
composition tables (and where nutrient composition was
unavailable from the Indian tables, the US Department of
Agriculture nutrient database or McCance and Widdow-
son’s The Composition of Foods) were used to estimate the
nutrient content of both whole foods as well as cooked
Indian foods (for which weighted recipes were obtained
from participants from rural and urban areas of all four
regions). Intake frequency data from the FFQ were then
linked to this nutrient composition database to derive
nutrient and total energy intakes per day. When examining
validity in terms of nutrients, de-attenuated correlation
coefficients between the two methods ranged from 0-57
for fat intake to 0-87 for protein intake.

For the present study, 182 food items (two food items,
bbagar and kesari bbath, from the grains and sweets
categories, respectively, were removed due to a high
number of missing values) were classified into thirty food
groups on the basis of nutrient and culinary similarities
(some individual foods were retained as separate food
groups; see online supplementary material, Supplemental
Table D for identification of dietary patterns.
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Socio-economic, demographic and lifestyle
variables

An interviewer-administered questionnaire was used to
gather information on socio-economic and demographic
indicators. The Standard of Living Index (SLD) was calcu-
lated by applying standard weights to subsets of questions
from a household-level asset-based scale devised for
Indian surveys and rescaling them to the full score, which
was categorized into tertiles'®. The questionnaire also
asked participants about lifestyle variables such as current
tobacco use (smoked/chewed on a daily basis in the
previous 6 months) and regular alcohol consumption (on
>10 d/month in the previous 6 months). A physical activity
questionnaire (IMS-PAQ) developed for the IMS, validated
for use in Indian populations, ascertained participants’ habi-
tual daily activity over the previous month in MET x h/d®>
(where MET is metabolic equivalent of task).

Statistical analysis

The thirty food groups were used to identify dietary patterns
using principal component analysis. Principal components
so generated were rotated by an orthogonal transformation
(varimax) to increase interpretability. An eigenvalue cut-off
>1, scree plot and component interpretability were used to
decide the number of components to retain, which were
labelled on the basis of meaningful interpretation of factor
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loadings and previous literature. Component scores were
then generated for each retained component for use in the
final analysis, as follows: the intake of each food group was
weighted by its appropriate factor loading on a principal
component and all of the weighted intakes were then
summed to obtain a component score for that principal
component, for each individual. For further analysis, known
diabetics (1 486, 69 %) were excluded as diagnosis with
diabetes may change dietary habits. Thus the final analysis
was based on 6581 patticipants aged 18 years and above.
Mixed-effects logistic regression models were used to assess
the association of these dietary patterns with obesity and
central obesity, separately for men and women, adjusting for
age, SLI, education, factory location, migration, tobacco use,
alcohol consumption, energy intake and physical activity.
All analyses were conducted using the statistical software
package STATA 12. P values <0-05 were considered statis-
tically significant.

Results

Dietary patterns

Table 1 shows the factor loadings of food groups on the
three major dietary patterns identified. There were seven
factors which met the eigenvalue >1 criterion; of these
only the first three were considered for further analysis on

Table 1 Factor loadings for the three main dietary patterns identified using principal component analysis of FFQ data from the Indian

Migration Study, 2006%

‘Cereals—savoury foods’ pattern ‘Fruit-veg—sweets—snacks’ pattern ‘Animal-food’ pattern

Food group

Whole grains§ -
Whole/refined grains (mixed dishes)§ 0-17
Plain rice§ 0-32
Rice (mixed dishes)§ 0-33
Western cereals§ -
Pulses and legumes§ -
Green leafy vegetables§ -
Potato§ -0-41
Other vegetables§ —0-31
Fruits -
Fruit juice -
Milk and milk products -
Milk and milk products (mixed dishes)§ -0-16
Red meats§ -
Poultry§ -
Fish and other seafood§ -
Eggs§ -
Other non-vegetarian§ -
Mutton or chicken§ -
Fats -
Sugars -
Alcohol -
Tea -
Coffee 0-34
Sugar-sweetened beverages -
Nuts 0-18
Snacks§ 0-18
Sweets and deserts§ -
Condiments, pickles, chutneys§ 0-36
Soups§ 0-31

0-24 -
0-21 -
0-49 -
027 -
022 -

- 049
- 047
- 048
- 0-33
- 0-39
0-26 -

-018 -
0-41 -
0-41 -
0-24 -

}Absolute values <0-15 excluded from the table for simplicity.
§Food group intake based on cooked quantities of constituent food items.
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the basis of the scree plot and their interpretability; in
addition, no significant associations were found between
the last four patterns and anthropometric indicators (data
not shown).

Together, the first three patterns explained 28-6% of
the total variance. Component 1 loaded positively on
whole/refined grains (mixed dishes), plain rice, rice-based
dishes, coffee, nuts, snacks, condiments and soups, and
negatively on potato, other vegetables and cooked milk
products. Due to its heavy loading on three cereal groups,
and on savoury foods such as nuts, snacks and condi-
ments, this component was termed the ‘cereals—savoury
foods’ dietary pattern. Component 2 loaded positively
on Western cereals, other vegetables, fruit, fruit juices,
milk products (mixed dishes), snacks, condiments, sugars
and sweets, and negatively on coffee. As this component
loaded most heavily on fruits, snacks and sweets, and was
the only component of the three to load on vegetables, it
was termed the ‘fruit-veg—sweets—snacks’ dietary pattern.
Component 3 loaded heavily on all animal-food groups
(red meat, poultry, fish/seafood, eggs and other foods
made with mutton/chicken) except other non-vegetarian
food, the dairy-based categories and fats; hence it was
termed the ‘animal-food’ dietary pattern.

Table 2 shows sample characteristics for the entire
sample and according to dietary pattern quintiles. The
sample was 41-7 % female with a mean age of 40-8 years,
with more than 80 % being in the high SLI category,
less than 10 % being illiterate and 22% and 16 % being
current smokers and drinkers, respectively. The highest
quintiles of intake of the ‘cereals—savoury foods’ and
‘animal-food’ patterns had participants who were on
average older and less active, and the highest quintiles
of intake of the ‘cereals—savoury foods’ and the ‘fruit—
veg-sweets—snacks’ patterns had higher proportions
of literate, high SLI and urban groups, relative to those
in the lowest quintiles of intake of these patterns. The
‘cereals—savoury foods’ and ‘animal-food’ patterns were
consumed by greater proportions in the southern Indian
states, while the opposite was true for the ‘fruit—
veg-sweets—snacks’ pattern. Other sociodemographic and
lifestyle variables also varied with differing quintiles of
intake of the three patterns.

Table 2 also shows mean daily intakes of total energy,
other nutrients and food groups according to dietary pat-
tern quintiles. Participants with higher scores on all three
patterns had higher intakes of total energy, fibre and
folate, and higher percentage of energy from fats, relative
to participants with lower scores. Participants with
higher intake of the ‘cereals—savoury foods’ pattern had
higher percentage of total energy from carbohydrates,
and those with higher intake of the ‘animal-food’ pattern
had higher percentage of energy from protein. Food
group consumption followed trends as expected from the
factor loadings obtained through principal component
analysis.

A Satija et al.

Association of dietary patterns with
anthbropometric variables

Participants in the highest quintile of intake of the ‘cereals—
savoury foods’ pattern tended to have, on average, higher
BMI values and lower waist circumference values. Parti-
cipants in the highest quintile of intake of the ‘fruit-veg—
sweets—snacks’ pattern had marginally lower values for
both anthropometric variables, while the opposite was
true for the ‘animal-food’ pattern (Table 2).

Results of the age-adjusted and fully adjusted regression
analyses are shown in Table 3 (men) and Table 4
(women). Age-adjusted models of the ‘animal-food’ pat-
tern demonstrated a positive, graded association across
quintiles with obesity (men: OR for Q5 v. Q1=1-57; 95%
CI 1-19, 2:07; P value for trend <0-001; women: OR for Q5
v. Q1=2-76; 95% CI 1-97, 3-87; P value for trend <0-001)
and similar findings were observed for central obesity.
Further adjustment for a wide range of potential con-
founders only modestly altered these findings (Figs 1 and
2). The ‘fruit-veg—sweets—snacks’ pattern also showed
positive associations with obesity and central obesity in
age-adjusted analyses but these were fully attenuated
following adjustment for potential confounders; the key
confounders accounting for this attenuation were SLI and
education. Lower quintiles of intake of the ‘cereals—
savoury foods’ pattern were associated with lower odds of
being obese and centrally obese, while the highest quintile
of intake was associated with higher odds of obesity,
among both men and women. After adjusting for addi-
tional confounding variables, the OR were markedly
attenuated for the highest quintile group but among
quintiles 2 and 3, indicating moderate intake, lower odds
of obesity were still apparent among both men and
women. Consistent findings were found for central obesity
among men but not women. Similar patterns of associa-
tions were observed in analyses taking the sib-pair
data structure into account, with no statistical evidence
of difference in associations within and between sib-pairs.

Sensitivity analysis

We conducted several sensitivity analyses to evaluate the
consistency of the dietary patterns and the robustness of
their associations with anthropometric indicators.

Using a more conservative cut-off of 0-3 for factor
loadings, we obtained the following three components:
component 1 retained positive loadings on rice, rice
(mixed dishes), coffee, condiments and soups, and nega-
tive loadings on potato, other vegetables and cooked milk
products; component 2 retained positive loadings only on
fruits, snacks and sweets; and component 3 remained
the same. To check the internal validity of these dietary
patterns, we randomly divided the data set into two
halves and carried out the same statistical procedures to
obtain dietary patterns from each, using both 0-15 and
0-3 as cut-offs. In addition, to assess pattern consistency,
we restricted the final factor solutions to three, four, five



Table 2 Sample characteristics, mean daily nutrient and food group intakes and mean levels of anthropometric indicators in the bottom and top quintiles of the three dietary patterns in 7067

participants in the Indian Migration Study, 2006

‘Cereals—savoury foods’ patternt

‘Fruit-veg—sweets—snacks’ patternt

‘Animal-food’ patternt

Q1 (n 1353) Q5 (n 1275) Q1 (n 1248) Q5 (n 1361) Q1 (n 1314) Q5 (n 1313) Total
Meanorn spbor% Mean or n sbor% Meanorn spbor% Mean or n sDor% Meanorn spbor% Mean or n sDor% Meanorn spor%
Sample characteristics
Age (years) 433 87 43-7¢ 89 44.4 10-0 37-8t 10-1 39:9 10-9 407N 9-8 408 10-4
Female§ 488 345 558* 395 650 460 456t 323 704 498 4471 316 2944 417
llliterate§ 87 6-2 85Ns 6-0 314 22.2 34t 24 75 53 107* 7-8 641 91
High SLI§ 1220 86-3 1227NS 86-8 920 65-1 1240t 87-8 1208 854 1174N8 83-1 5768 816
Place of residence§
Lucknow 1333 94.3 6 04 149 105 427 302 579 41.0 146 10-3 2000 28-3
Nagpur 80 57 30 21 113 80 537 380 451 319 282 200 1640 232
Hyderabad 0 0 511 362 762 539 231 16-4 193 137 583 413 1995 282
Bangalore 1 0-1 8661 61-3 390 276 218t 15-4 191 135 4021 285 1432 20-3
Migration status§
Rural 428 310 378 28.0 605 486 352 268 389 295 388 299 2111 324
Migrant 403 292 424 314 353 28-3 397 302 421 319 412 318 2112 324
Urban 549 398 547t 406 288 231 564t 43.0 510 386 4971 383 2287 35-1
Current smokers§ 369 26-1 226t 16-0 285 20-2 351* 24.8 219 155 403t 285 1562 22.1
Current drinkers§ 173 12:2 2811 199 322 22-8 195t 13-8 66 4.7 4091 29-0 1144 16-2
Physical activity (MET-h/d) 39-0 41 384t 4.3 384 5.0 395t 4.9 389 4.5 38-8NS 4.8 389 4.6
Nutrient intake (per day)
Energy (kJ) 11 949 3904 14 157t 4190 8539 2612 16 833t 4081 11 470 3991 14 322t 4363 12 128 4194
Energy (kcal) 2855-8 933.0 3383-6t 1001-4 2040-9 6242 4023-3t 9753 2741-3 953-9 34231t 10429 2898-6  1002-3
Protein %ll 12:4 11 10-8t 1.3 1141 1.4 11.0t 1.3 11.2 1.3 11.9t 1-6 113 14
Carbohydrate %Il 617 4.3 62.4* 55 65-8 6-2 609t 4.6 637 5.0 60-01 5.4 631 54
Fat %Il 57 4.2 265t 5.0 22.8 56 28.0t 4.3 25.3 51 278t 4.8 255 5.0
Saturated fat %ll 8-2 2:2 8.5t 24 71 26 841 23 7-5 2-5 8.3t 24 77 24
Monounsaturated fat %l| 99 27 73t 21 69 25 881 31 81 2.8 83" 29 8.0 2.8
Polyunsaturated fat %ll 54 2.3 8.8t 32 71 32 861 34 76 35 89t 35 78 34
Fibre (g) 149 5.8 16-31 70 8.7 3-8 211t 6-4 14-4 6-0 16-3t 6-7 14.3 6-4
Folate (ug) 398-0 142.7 415.3"8 167-2 2265 830 516-61 164-0 3739 158-3 406-2t 1477 3624 150-4
Food group intake (g/d)
Whole grains 2701 105-8 2294t 2722 183-3 204-8 258.-8t 186-7 222.4 142.4 219-6NS 225.0 2251 193-1
Whole/refined grains (mixed dishes) 539 60-2 111.9% 731 612 619 97-41 89.0 55-6 554 9331 81-1 753 741
Plain rice 136-1 116-1 716-01 4091 549.7 3451 461.4N° 3474 3323 269-8 61211 3928 4637 3537
Rice (mixed dishes) 45.7 424 206-11 144.7 73-8 772 141-6t 126-3 71-8 64-4 149.01 1401 1024 103-3
Western cereals 4.7 92 75t 12.7 1.7 37 12.5t 175 9-1 15-3 611 10-0 59 109
Pulses and legumes 347-6 170-5 278-6t1 200-1 154.6 113-4 3618t 209-9 3213 1835 2541t 180-4 269-8 181.5
Green leafy vegetables 44.0 467 5511 460 379 42.0 56-11 55.2 486 589 47.3N8 384 441 431
Potato 100-0 51.2 91t 10-3 132 29.7 412t 475 378 430 211t 325 331 45.4
Other vegetables 281-8 142.2 97-3t1 657 64-0 50-3 2375t 154.6 1835 135-4 129.2t 100-5 152.2 121.0
Fruits 3514 250-0 336-8"° 255-8 128-4 845 616-21 340-9 3304 2451 38491 276-6 3322 2597
Fruit juice 137 357 21.0t 40-0 4.7 8-4 38-3t 941 24-3 83-3 21.7%8 44.8 17-3 47-9
Milk and milk products 2328 2207 25471 263-8 121 164-7 265-8t 288-3 193-8 2033 214.3NS 239.0 196-1 2270
Milk and milk products (mixed dishes) 377 473 10-2t 19-6 4.8 9.7 4061 53-1 30-3 367 19-6t 393 216 330
Red meats 4.6 113 17.5t 24.6 115 173 13-8* 22.9 0-2 1.3 354t 377 116 221
Poultry 59 16-1 34.8t 536 16-1 274 24.2t 473 0-3 1.8 5911 680 186 384
Fish and seafood 65 355 11.3t 24.2 64 13.9 12.6t 407 0-1 09 29.91 50-6 89 25.8
Eggs 4.3 10-6 9.0t 13-8 53 75 9.0t 14-4 0-3 1.3 16-7 185 66 11.2
Other non-vegetarian 0- 0-3 101 4.0 0-4 1.7 0-8t 4.5 0-0 0-0 2-0t 5-9 0-6 3-0
Mutton or chicken 1.9 81 20-0t 519 59 207 13-7 321 0-2 17 3001 55-6 84 279
Fats 5.2 51 3.0t 51 11 32 4.0t 5.5 4.3 55 2.3t 41 29 4.7
Sugars 83 10-9 2.0t 51 05 1.6 9.2t 10-7 67 9.0 31t 70 4.3 7-
Alcohol 71 622 20.0t 98-8 21.9 103-4 12.2t 61-1 21 19-8 278t 94.3 11.9 649
Tea 352-2 2582 191.41 1701 2085 195.7 2649t 2051 2137 160-2 26091 239.9 242.7 2019
Coffee 2.7 12.7 150-4 153.7t 741 133-0 324 782t 307 789 60-41 102-8 441 96-9
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Table 3 Odds ratios and 95 % confidence intervalst of anthropometric indicators according to quintiles of the three dietary patterns for 3823
men, Indian Migration Study, 2006

Q2 Q3 Q4 Q5
Qutcome variable  Model Q1§ OR 95 % ClI OR 95 % ClI OR 95 % ClI OR 95 % ClI P for trend
‘Cereals—savoury foods’ dietary pattern
Obesity Age-adjusted 1.00 062 047,083 051 038,069 092 071,121 147 113,190 0-001
Fully adjustedl 100 063 0-45,088 055 036,085 084 053 134 114 067, 194 0-330
Central obesity  Age-adjusted 1.00 034 024,048 026 0-18,037 043 031,059 073 055, 098 0-041
Fully adjustedll 100 0-36 0-24,0-54 038 022,065 056 032,099 097 051,184 0-796
‘Fruit-veg—sweets—snacks’ dietary pattern
Obesity Age-adjusted 1.00 1.38 1.03,1.85 153 1.15,2.05 165 124,221 168 1.26, 224 <0-001
Fully adjustedl 100 093 0-65,1-33 095 066,137 092 063,134 079 051,122 0-349
Central obesity ~ Age-adjusted 1.00 1.86 1.29,2.67 217 151,312 2.15 1.50,3.08 239 1.67, 342 <0-001
Fully adjustedll 1.00 113 0.74,1.72 1.15 0.75,1.78 1.07 069, 1.68 098 058, 1.63 0-780
‘Animal-food’ dietary pattern
Obesity Age-adjusted 1.00 084 063,113 1.00 075,133 121 091,162 157 1.19,2.07 <0-001
Fully adjustedll 1.00 097 0-70,1-35 1.31 094,183 136 097,190 168 1.20,2-36 0-001
Central obesity ~ Age-adjusted 1.00 093 065,132 095 067,134 126 089,178 146 1.05 2.05 0-004
Fully adjustedll 1.00 110 0.75,162 1.27 085,189 175 1.17,263 1.80 1.20,2.70 0-001

1Using mixed-effects logistic regression analysis.

§Q1 is the lowest quintile (referent category) and Q5 is the highest quintile.

IIAdjusted for age, education, standard of living, factory location, migration status, tobacco consumption, alcohol consumption, total energy intake and physical
activity.

Table 4 Odds ratios and 95 % confidence intervalst of anthropometric indicators according to quintiles of the three dietary patterns for 2758
women, Indian Migration Study, 2006

Q2 Q3 Q4 Q5
Qutcome variable  Model Q1§ OR 95 % Cl OR 95 % ClI OR 95 % ClI OR 95 % ClI P for trend
‘Cereals—savoury foods’ dietary pattern
Obesity Age-adjusted 1.00 061 044,084 061 045084 1.01 075,137 140 1.02,1.92 0-001
Fully adjustedll 100 0-66 0-46,0-94 059 038 093 067 041,110 069 039, 1.23 0-389
Central obesity ~ Age-adjusted 1.00 069 050,095 086 063117 1.00 073,135 119 0.87, 164 0-039
Fully adjustedll 100 0-80 0-55,1-15 1.04 066,164 093 056,156 095 053,170 0-879
‘Fruit-veg—sweets—snacks’ dietary pattern
Obesity Age-adjusted 1.00 1.11 083,149 142 1.05193 161 1.18,219 157 1.12,2.19 <0-001
Fully adjustedll 1.00 082 0-59,1-14 1.00 069,145 1.09 074,161 1.06 065, 1.72 0-384
Central obesity ~ Age-adjusted 1.00 120 090,160 132 098,178 141 1.04,190 122 0-88, 1-69 0-092
Fully adjustedl 100 0-87 062,122 086 059, 126 091 061,136 068 041,112 0-288
‘Animal-food’ dietary pattern
Obesity Age-adjusted 1.00 1.30 098,173 122 090,165 132 097,179 276 197, 3.87 <0-001
Fully adjustedll 100 134 099,180 144 1.04,199 122 087,170 230 158,335 <0-001
Central obesity  Age-adjusted 1.00 1.02 077,136 120 089,162 145 1.07,197 244 175,340 <0-001
Fully adjustedl 100 1-04 076,142 1.38 098,193 139 098,198 227 1.54,336 <0-001

FUsing mixed-effects logistic regression analysis.

§Q1 is the lowest quintile (referente category) and Q5 is the highest quintile.

IIAdjusted for age, education, standard of living, factory location, migration status, tobacco consumption, alcohol consumption, total energy intake and physical
activity.

associated with a ninefold increase in the odds of obesity,
relative to being in the lowest quintile of the ‘animal-foods’
pattern and highest quintile of the ‘cereals—savoury foods’
pattern (OR=9-16; 95 % CI 1-44, 58-13; P value for trend
<0-001). No other meaningful significant associations were
found. Likelihood ratio tests were done, comparing nested
models with and without an interaction term between the
two dietary patterns. With the exception of central obesity
among men, no significant interactions were found
between the patterns, indicating that the associations of
the two pattern scores with obesity among both men and

women, and with central obesity among women, are
independent of one another.

Discussion

Three dietary patterns, ‘cereals—savoury foods’, ‘fruit-veg—
sweets—snacks’ and ‘animal-food’, were identified through
factor analysis of dietary intake data in a large multi-centre
cross-sectional study in India. We found positive, graded
associations across quintiles of the ‘animal-food’ pattern
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Fig. 1 Odds ratios, with 95 % confidence intervals represented
by vertical bars, for the association between obesity (BMI
>25.0 kg/m?) and quintiles of the ‘animal-food’ dietary pattern
among 3823 men, adjusting for potential confounders, Indian
Migration Study, 2006 (ref., referent category)
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Fig. 2 Odds ratios, with 95 % confidence intervals represented
by vertical bars, for the association between obesity (BMI
>25.0 kg/m?) and quintiles of the ‘animal-food’ dietary pattern
among 2758 women, adjusting for potential confounders,
Indian Migration Study, 2006 (ref., referent category)

with both obesity and central obesity that were not
explained by confounding factors, among both men and
women, and were consistent in sensitivity analyses. This
pattern was a stronger predictor of these outcomes than a
simple vegetarian/non-vegetarian classification. We also
showed that moderate intake of the ‘cereals-savoury
foods’ pattern was associated with reduced odds of obe-
sity and central obesity, and this association was
strengthened after restricting the analysis to the northern
states, indicating possible residual confounding by region.
The associations of these dietary patterns with the out-
comes were independent of one another, except for
central obesity among men.

Newby and Tucker'™® reviewed almost 100 studies,
carried out in different countries and published since 1980,
that have used some data reduction method to identify
dietary patterns. Various dietary patterns have been
identified, the most consistently found being the ‘prudent’
pattern (high on fruit, vegetables, legumes, fish, low-fat
dairy and whole grains) and the ‘Western’ pattern (high on
red and processed meats, eggs, refined grains, sugar and
fast foods), both first identified by Slattery et al. in an
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American population®. Since then, these two patterns

have been identified in several other populations, either
together or individually, in North America®®®%?” and
Europe®®3% | and occasionally in other countries such as
Brazil®”. Another pattern commonly identified in North
America3% and Europe®'?°” is a ‘high sweets-
intake’ pattern’®. Some studies have found the ‘Western’
pattern to be positively and the ‘prudent’ pattern to be
inversely associated with obesity®”’, CHD risk®”*? | type 2
diabetes risk (‘Western’ pattern)((’) and all-cause and CVD
mortality (‘prudent’ pattern)®®. The ‘high sweets-intake’
pattern has not shown consistent associations with any
cardio-metabolic risk factors and end points™?’.

The patterns we identified do not map directly on to the
‘prudent-healthy’/"Western—unhealthy’ dichotomy, although
elements of overlap exist. For instance, the ‘fruit—
veg-sweets—snacks’ pattern has aspects of the ‘prudent
pattern, such as high loadings on fruits and vegetables,
which have been associated with decreased cardio-
metabolic risk”*? However, it also has elements of the
‘Western’ pattern, in particular high intakes of snacks, sugars
and sweets, which have been associated with increased
cardio-metabolic risk”*”, This coexistence of healthy and
unhealthy dietary factors in one pattern could be a reason
for the null findings with the ‘fruit-veg—sweets—snacks’
pattern.

The ‘animal-food’ pattern found in the present study has
red meats and eggs, similar to the ‘Western’ pattern.
Processed and unprocessed red meat intakes have inde-
pendently been shown to be associated with increased
obesity risk“?. However, other elements of the ‘Western’
pattern such as refined grains and fast foods are not part of
the ‘animal-food’ pattern found here. In addition, some
foods loading heavily on the ‘prudent’ pattern, such as
fish, which has been associated with reduced weight gain
relative to meat intake*?, are also part of the ‘animal-food’
pattern. Other studies, however, have found pre-
dominantly animal-food patterns. For instance, Masaki
et al“** found a ‘meat’ pattern in Japan, which loaded
heavily on pork, beef and chicken, and negatively on
certain fruits; but in univariate analysis, this was not
associated with BMI. In another Japanese study, Ogura
et al.*> found a pattern that was high in beef, pork and
chicken, while Chen et al“® found a pattern in an
American population with higher contributions from red
meat, processed meat and beans. Neither study evaluated
associations of these dietary patterns with obesity. One of
the patterns found by Maskarinec et al.*” in Hawaii loa-
ded heavily on processed meat, red meat, fish, poultry and
egg, in addition to fats and oils, and condiments, which is
very similar to the ‘animal-food’ pattern found in our
study. That study found a positive association between this
‘meat’ pattern and BMI, which is in line with our findings.
It is possible that an ‘animal-food’ dietary pattern increases
the risk of obesity through increased intake of animal-
protein food sources. Re-doing the analysis with the
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‘animal-food’ pattern after including percentage of energy
from protein as a covariate in the fully adjusted model
attenuated the association with both obesity and central
obesity, among both men and women (see online sup-
plementary material, Supplemental Table 2). Several ran-
domized controlled trials have shown high-protein diets to
be associated with short-term weight loss; however the
type of protein may be important, with plant sources of
protein (nuts, legumes) being potentially more beneficial
than animal sources (red mea)™®. While the cross-
sectional nature of the data precludes a mediation analy-
sis, further studies should explore the role of plant and
animal sources of protein in weight loss and maintenance.

Ours is one of few studies that have used data reduction
techniques to identify composite dietary patterns in India.
A study conducted in ten Indian states found two dietary
patterns from factor analysis of macro- and micronutrients:
the ‘energy’ pattern and the ‘vitamin’ pattern®”. However,
associations of these factors with disease risk were not
reported. Another study among women in West Bengal
found three patterns, one of which (the ‘vegetables, fruit
and pulses’ pattern) was similar to the ‘fruit-veg-sweets—
snacks’ pattern found here, with the exception that it also
loaded heavily on poultry and eggs®”. This pattern, as in
our study, was not associated with any anthropometric
variable. A third study®" carried out in Delhi, Trivandrum
and Mumbai found two patterns that had some parallels
with the ‘cereals—savoury foods’ pattern, specifically with
respect to loadings on cereal-based products, nuts, snacks
and condiments, one of which was associated with central
obesity, which is not consistent with our findings.

A review by Togo et al®? found mixed results among
thirty studies evaluating the associations of dietary patterns
with BMI or obesity, with ten studies finding a positive
association with the high fatty, sweet or energy-dense pat-
terns, four studies finding negative associations and eleven
studies finding no association. Potential interactions with
age and sex could explain some of this inconsistency"®. It is
also possible that regional differences in diet play a role. The
first pattern identified in the present study was pre-
dominantly eaten in the southern cities, with the other two
also showing distinct regional patterns. Lastly, differing
cooking styles used in different countries and in different
parts of one country might be contributing to some of the
inconsistency. It could be that the way most dishes based on
animal foods are cooked in India influences their impact on
obesity risk, which is different from the way this pans out in
the West. Further analysis exploring these potential inter-
actions and culinary differences could clarify these findings.

India is in the middle of the nutrition transition'”,
shifting from diets high in cereals and fibre to diets high in
sugar, fats and animal-source foods, concomitant with
increases in obesity and chronic diseases®”. A review of
nationally representative surveys on diet and nutrition in
India®*® found that between 1975 and 1995, while there
was a gradual reduction in cereal grain consumption, there
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was an increase in intake of milk and milk products, ani-
mal products (‘flesh foods”) and fats and oils. A strong
positive association between an ‘animal-food’ dietary
pattern and obesity in an Indian population further
strengthens evidence for the potential role of increased
animal-source food consumption, as part of the nutrition
transition, in the increasing prevalence of obesity in India.
Some studies in the UK have found vegetarian and vegan
diets to be associated with lower BMI and reduced weight
gain relative to ‘omnivorous®® or meat- and fish-based
diets“™?. With more than one-third of the Indian popula-
tion being vegetarian®®, there is an opportunity in India
to explore the associations of vegetarian diets with health
profiles to a greater extent than in countries where vege-
tarianism is not as prevalent.

Given the cross-sectional nature of the present study, it
is possible that measurement error in the FFQ is differ-
ential with respect to obesity. If obese individuals are more
likely to under-report animal-food intake due to social
desirability, then the associations observed in our study
would be underestimates of the true association between
the ‘animal-food’ pattern and obesity. However, as the
amount of bias potentially induced by this is not entirely
predictable, this limitation must be kept in mind when
interpreting the results of the study. It is possible that
residual confounding occurred, despite controlling for
several potential confounders, as was seen in stratified
analysis by region. Although indicators of socio-economic
status (SLI and education), physical activity and alcohol/
tobacco consumption were controlled for, which further
strengthens the associations observed, it does not
exclude the possibility that these dietary patterns might be
proxy indicators of socio-economic status or specific life-
styles in this population. Like all cross-sectional studies,
the data may be prone to reverse causation despite the
exclusion of known diabetics. Lastly, these three dietary
patterns explained only 28:6% of the total variance, and
thus it is possible that other dietary patterns exist in this
study population. However, the percentage of variance
explained by specific factors needs cautious interpretation,
as this figure will change considerably as the number of
initial variables included in the factor analysis changes.

Despite its cross-sectional nature, the present study has
several advantages. It was carried out in a large, national
sample of Indian adults, in which information on regional
meal patterns was captured using a valid and reliable FFQ
developed for the Indian context. The validity study done
for the FFQ found that it overestimated energy intake by
1711 kJ (409 kcal) compared with an average taken from
the three 24 h recalls. Although this could compromise the
accuracy of reported intake, for the purposes of the pre-
sent study relative intake of different food groups was
more important, hence this is not likely to significantly
impact the findings.

The dietary patterns identified in the present study were
distinct from the ones found in other countries, with a
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clear distinction emerging between plant food-based and
animal food-based patterns, with the latter showing posi-
tive associations with obesity and central obesity. If these
findings are confirmed by other studies in India, dietary
guidelines could recommend limiting intakes of most
animal-food items in preference to a predominantly plant-
based diet. More studies examining longitudinal changes
in obesity associated with dietary patterns specific to the
Indian context, and examining possible interaction pat-
terns, are however needed to clarify and build on the
associations observed in the present study.
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