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Abstract: The Indian diet is becoming westernized with a potential threat to human health. This
ecological study aimed at analyzing the nutritional transition in India during the 1990-2019 period
within the framework of the newly developed 3V index, considering the degree of processing starting
with industrially processed foods (IPFs, i.e., the Real/"Vrai’ metric 1), plant/animal calorie ratio (i.e.,
the Vegetal metric 2), and diversity of food intake (i.e., the Varied metric 3). Total and food group
(n = 14) caloric intakes, percentages of animal and IPF calories, adequacy to the Indian Recommended
Dietary Allowances, and prevalence of chronic diseases were retrieved from web databases (e.g.,
OECD:.Stats, Our World in Data and FAO-STAT) and Indian food composition table. The total calorie
intake increased by 31% over thirty years, being mainly linked to increased consumption of dairy
products and IPF, but still remains below the average recommended intake in 2019. The IPF and
animal calorie shares increased from 3.6 to 11.6% and 15.1 to 24.3%, respectively, while micronutrient
intakes improved in 2019. In the same time, prevalence of overweight/obesity and type 2 diabetes,
and cardiovascular disease mortality increased. In conclusion, the evolution of the Indian diet
deviates from metrics 1 and 2 and improves in metric 3, which may not be a sufficient metric in
terms of the alleviation of chronic diseases. Therefore, while improving food diversity and replacing
refined with wholegrain cereals, Indians should also curb increasing their consumption of IPF and
animal calories.

Keywords: nutrition transition; India; animal products; industrially processed foods; nutrient intake;
chronic diseases

1. Introduction

Diet-related chronic disease prevalence (e.g., obesity and type 2 diabetes) continues to
rise worldwide [1], especially in emerging and developing countries, such as China [2] and
India [3], where the nutrition transition is more rapid and impactful toward human health
than in developed countries [4]. Furthermore, food system sustainability, social inequalities
in healthy food access, the progressive disappearance of small-scale agriculture, loss of
animal and plant biodiversity, increased animal suffering from intensive breeding, and
environmental degradation all pose serious threats to global health [5-8]. Food systems are
globally responsible for 34% of greenhouse gas emissions worldwide, with 24% from agri-
culture and land-use change activities and 10% from supply chain activities [9]. However,
healthier and more sustainable food choices downstream might drive more sustainable
food processing (i.e., reducing ultra-processing) [7], which would have the potential also to
drive an increase in sustainable food production [10], potentially mitigating greenhouse
gas emissions and pollution upstream. Beyond the usual nutritional recommendations
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referring to the balance between vegetal and animal calories and the consumption of a vari-
ety of foods from the groups in the food pyramid, current studies show that an imbalance
also occurs depending on the degree of processing applied to the foods ingested [11].

Thus, the worldwide increase in animal-based foods [12,13] and ultra-processed
foods (UPF) [7,14-17] consumption does not go in the direction of improved food system
sustainability, and more broadly of global health. In addition, monotonous diets (e.g., diet
high in UPF in Western countries or based on a few staple foods—cereals and /or legumes)
diets in developing countries) may threaten animal and plant biodiversity worldwide, and
food system sustainability in the end, notably because they are less resilient to external
stress factors, such as extreme climatic change [18]. Therefore, these three dimensions, i.e.,
the vegetal /animal product ratio, the UPF percentage, and food variety in the diet, need
to be considered together to achieve a healthy and sustainable dietary pattern. However,
previous analyses of scenarios addressing dietary patterns and global health [19] generally
considered either only one or two of these dimensions [6], and sometimes only food
nutrient contents, e.g., proteins [20], but never all three dimensions at the same time. Thus,
they appear insufficiently holistic and still too reductionist to reach a strong impact on
global health.

For this purpose, we elaborated through an empirico-inductive approach [21] based
on foresight scenarios for protecting global health at horizon 2050, and also based on
validated dietary patterns for preventing chronic diseases [19], a holistic and simple index
to characterize the relationship between diet and global health, i.e., the 3V index for Vrai
(Real, not UPFs mimicking real foods), Végétal (Vegetal) and Varié (Varied, if possible
organic, local and/or seasonal) foods [19]. Within the framework of an ideal 3V index,
quantitatively, worldwide, a precautionary UPFs threshold would account for no more than
approximately 15% of calories (1-2 servings/day, Real metric) and animal foods (from all
sources) for an optimum of approximately 15% calories (2-3 servings/day, Vegetal metric),
and weekly at least 35 different real foods (among the main food groups), as previously
described [19]. Such thresholds allow for meeting and improving all nutritional needs [19].
All three metrics are linked to global health and are interconnected, so if one of the three
dimensions is not fully addressed, the diet moves away from the target of sustainable
global health. For example, replacing animal foods with ultra-processed plant-based meat
substitutes [22] or consuming organic UPFs, such as industrially processed ready-to-eat
meals or bakery products, among others [23], will not necessarily lead to substantial
improvement in global health. The 3V index also implies that meeting or improving
nutritional needs (Vegetal and Varied metrics) is not sufficient to prevent chronic diseases
(such as obesity, type 2 diabetes, hypertension or hepatic steatosis) if the food matrix
environment of the nutrients and calories (Real metric) is too highly degraded [24], notably
by a high level of processing applied to vegetal foods (e.g., highly refined grains, sugar
sweetened beverages, or industrial sweets and desserts) [25] or ultra-processing [11,26,27],
as reported in the Chinese [28] and French [29] diet transitions, where nutritional adequacy
is insufficient to prevent high level of chronic disease prevalence. Finally, the 3V index does
not aggregate the three dimensions in only one score but are considered separately.

Therefore, the healthy and sustainable diet derived from the 3V index corresponds
to a diet rich in minimally-processed and varied plant-based foods [19]. Thus, contrary
to the EAT-Lancet dietary pattern that proposes quantities by food group to reach global
sustainability [6], the holistic 3V index only defines three generic dimensions that govern the
diet-global health relationship [19,29], and that can be adapted according to the specificities
of each region or countries worldwide. Applied to the transition of dietary patterns in
emerging countries, this index, easy to learn by consumers, and health and public policy
professionals, makes it possible to better target the development of a healthy and sustainable
diet. Therefore, the 3V index is not a diet but a holistic indicator that tells to look not only at
the quantity of consumed calories and the adequacy of nutrient needed to prevent chronic
diseases but also to look at the importance of calorie quality /source, expressed by the Real
and, secondarily, Vegetal metrics.
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In this way, the 3V index allows for the assessment of the health and sustainability
potentials of a dietary pattern trajectory over time. In France, considered a developed
country, the dietary pattern is far from optimum in regard to the 3V index, with UPF
and animal foods accounting for 35 and 36% of the daily calorie consumption in adults,
respectively, as well as the presence of some nutrient deficiencies in 2015 [29]. This can
be attributed to the high level of UPFs available in French supermarkets/hypermarkets,
with UPFs accounting for 69 percent of industrially processed foods (IPFs) [30], as well as
the purchasing habits of regular hypermarket customers for whom shopping carts were
evaluated, revealing that foods in the shopping cart contained 61 and 41% UPFs and animal
calories, respectively [31]. In emerging countries, UPF sales are rapidly growing, reaching a
calorie share of approximately 25% in the Brazilian diet in 2018 [32] and 19% in the Chinese
diet in 2019 [28]. More precisely, in China, it was observed that the dietary pattern is
moving substantially away from a beneficial 3V index, i.e., from the 15% optimal animal
and UPF caloric intake [19]. Due to the very large Chinese population, this may have
potential deleterious impacts on global health.

Another vast emerging country, with approximatively the same number of individuals
as China (1.37 billion in 2019), is India. Still, contrary to China, it is characterized by a signif-
icant percentage of vegetarians (30—40% of the overall population [33]). Consequently, the
trend of evolution of the quality of the Indian diet with regard to human and environmental
health is of the utmost importance, because with China this makes up 36% of the world’s
population. Thus, if the diet of more than a third of the world’s population shifts towards
less healthy and unsustainable dietary patterns, this will have very negative consequences
for global health. Measuring this trend, notably during the last thirty years, is therefore
crucial. The 3V rule, very holistic and encompassing the three dimensions of global health,
is very suitable for this type of ecological analysis. The One Health approach also includes
human health and therefore the prevalence of chronic diseases in India. Notably, between
the 1990s and 2010s, the prevalence of overweight and obesity has doubled in India, to-
gether with a constant and regular increase in the consumption of highly industrialized
and junk foods [4].

Therefore, the main objective of this ecological study was to assess the evolution of
the overall Indian dietary pattern from 1990 to 2019, the period encompassing the last
nutrition transition, through the lens of the 3V index and to relate these observations to the
prevalence trajectories of main chronic diseases.

2. Materials and Methods

The rational for the three metrics used in this study has been previously and compre-
hensively detailed with all affiliated references [19].

To measure the adequacy of the Indian dietary pattern to the 3V index during the
1990-2019 period, animal-based foods (Vegetal metric for the vegetal /animal calorie ratio)
and UPF (Real metric) calorie percentages were mandatory. For the ‘Varied” dimension, the
evolution of the different consumed food groups’ shares and the adequacy to the nutrient
needs (i.e., based on the Recommended Dietary Allowances, RDAs) [34] were considered
as two indicators indirectly reflecting the food diversity of the Indian dietary pattern.
Then, correlations between the ‘Real” and “Vegetal” metrics (calorie quality and source) and
the prevalence or mortality rates of chronic diseases during the 1990-2019 period were
calculated. For all these calculations, data were first extracted from web databases, and
secondarily, when data were lacking, from some original articles.

2.1. Data Sources and Collection

To target the overall Indian population, the main sources of data for food group and
animal-based food intakes (g/day and calorie/day) were extracted from OECD.Stats [35],
Our World in Data [36], FAOSTAT [37], Helgilibrary.com and Commoditiescontrol.com
web databases. Contrary to national surveys data which can be subjected to recall bias and
may be concerned by a specific target group or population, data from these web platforms
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(i.e., not scholarly databases) allows analyses on overall consumption trends over time; and
are therefore better adapted to ecological studies.

Then, from these platforms, thirteen food groups could have been selected: cereals,
fruits, vegetables, legumes, pulses and tubers, meats (beef, sheep, and poultry), dairy
products, eggs, fish and seafood, nuts and seeds, spices and condiments, sugars, and oils
and fats. To avoid duplicates, total dairy product and plant oil consumptions, as retrieved
from the OECD.Stats web databases, were corrected by those already included in the IPF
group, i.e., dairy products and plant oil marketed in formal retail channels [38].

Food composition data were collected from the Indian Food Composition Tables [39],
created with the most recent data supplied by the Department of Food Science and Technol-
ogy from Pondicherry University (total: n = 8618 different foods, including IPFs). The data
on prevalence percentages and/or mortality rates of chronic diseases, i.e., hypertensive
heart diseases, ischemic heart disease, stroke, obesity, type 2 diabetes, liver diseases, cancers,
upper digestive tract diseases, and hemoglobinopathies /hemolytic anemias were retrieved
from “The Lancet GBD” [40], “Perspective Monde” [41], “Our World in Data” [36], and
“IDF Diabetes Atlas” [42] databases.

When data were lacking from web databases, they were extracted from original articles
or review papers about India and its nutrition transition through the ISI Web of Science
database, with the topic fields and combined Boolean operators as follows:

[“Animal product* OR processed food*” OR “Chronic disease*”] AND [“Consump-
tion* OR intake* OR sale*”] AND [“India*”], and the affiliated keywords or synonyms for
each lexical field.

Then, the results obtained from both sources (web databases and original articles) were
compared to already published results derived from Indian epidemiological or ecological
studies based on different representative national surveys at different years (e.g., India
study (PODIS) [43], India Human Development Survey [44] or Urban and Rural survey in
2016 and 2012 [45]).

2.2. Data Formatting according to the 3V Index

For the Real metric, due to the lack of data for UPF consumption in India, only data
on IPFs were retrieved (considering that all IPFs are not UPFs). IPFs were defined “as
substances extracted and purified from unprocessed or minimally processed foods (e.g., vegetable oils)
and industrially produced ready-to-eat or ready-to-heat food products resulting from the processing
of several food substances (e.g., snack bars). This is a deliberately broader definition than the ‘UPF’
category”, and concerned product vector categories for sugar, fat, and salt consumption
for the years 1999, 2006, 2012, and 2017, i.e., oils and fat, fruit/vegetable juices, frozen
processed foods, dried processed foods, dairy, confectionery, biscuits, chilled processed
foods, carbonated soft drinks, baked goods and other processed foods [38]. Baker et al.
sourced data for IPF from Euromonitor International Passport Global Market Information
Database [38]. The ideal Real metric considers not to exceed 15% UPF calorie daily.

Meats, dairy products, eggs, fish, and seafood were all considered 100% animal-
based foods for the Vegetal metric. Concerning mixed products found in IPFs, which are
combinations of vegetal and animal ingredients, a median animal calorie percentage was
assessed from the main recipes found in each IPF category, as previously detailed [28,29,31].
The ideal Vegetal metric considers not to exceed 15% animal calorie daily.

The Varied metric is indirectly expressed as (1) the change in the calorie shares ac-
counted for by the primary food groups and (2) the evaluation of the supply of macro- and
micronutrients and fiber, and the corresponding adequacy with regard to the Indian RDAs
for adults—after averaging for males and females [34], based on food group quantities
consumed and the median food group composition [39]. To say it differently, the Varied
metric here is simply evaluated through an improvement in nutritional needs and a more
equitable distribution of consumption of the main food groups.
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2.3. Data Calculations and Statistical Analyses

The basis of the calculations was the average calorie intake (kcal/day/capita) during
the 1990-2019 period calculated for the main food groups consumed. When it was necessary
to convert grams to kcal, we used all ‘as eaten’ food products within each food group from
the updated Indian database [39]. After checking the normality of the data distribution
(Shapiro-Wilk's test, non-significant) within a given food group, the nonparametric median
calorie content for one gram of each food group was determined (Table 1).

Table 1. Median calorie content of main food groups.

Food Groups Calorie/g !
Eggs (n=5)2 1.54
Meats (n = 1071) 2.05
Fishes and seafood (n = 188) 1.36
Dairy (n = 136) 0.81
Fruits (n = 359) 0.60
Vegetables (1 = 360) 0.30
Cereals (n = 53) 2.65
Tubers (n = 121) 0.93
Legumes (n = 237) 1.14
Nuts and seeds (n = 132) 5.74
Qils and fats (n = 105) 8.84
Spices and condiments (1 = 64) 2.84
Table sugar (n = 1) 3.98
IPF (n = 5184) 2.77

1 Median calorie contents within each food group were based on all ready-to-eat foods as retrieved from the
Indian database in 2021 [39]. 2 Number of ready-to-eat foods considered for the calculation of the median calorie
content. It corresponds to the number of available foods (not including IPF) from the Indian database in 2021.
Abbreviation: IPF, Industrially Processed Foods, as defined by Baker et al. [38].

Food groups were relatively homogeneous regarding food items that compose them,
limiting the bias of calculations first based on the median calorie content of each food
group (Table 1).

For the Real metric, we first considered the total amount of IPFs consumed in 1999,
2006, 2012 and 2017 (kg per capita) [38]. For the missing data during the 1990-2019 period,
IPF data were extrapolated from these four years based on the best fitted equation for the
years 1999, 2006, 2012 and 2017, i.e., “Consumption (g/day/capita) = 2 x 10~41e(0.0488xyear)~
(R? = 1). For the Vegetal metric, data regarding the consumption of animal food groups
were expressed in g/day or in kg/year/capita and were more rarely expressed in calories.
Therefore, when necessary, data were converted into calories to determine the median
percentages of calories consumed for each animal group (Table 1). For these first two
metrics, the total calories from animal and IPF sources were reported concerning the total
daily consumed calories, yielding daily animal and IPF calorie percentages (%).

For the Varied metric, we first calculated the percentage of calories accounted for
by the selected thirteen main food groups and IPFs. Secondly, according to the Indian
RDA [33] and the median amounts of macro- and micronutrients in each of these fourteen
food groups (as evaluated from the Indian food database [39]), we also evaluated the RDA
adequacy (%) during the 19902019 period for fiber, free sugars (maximum 10% of total
calorie intake), each micronutrient (vitamins, minerals and trace elements: see the number
of ‘as eaten’ foods considered within each food group in Table 1) and the evolution of the
protein, carbohydrate, and lipid calorie percentages.

To measure the evolution of chronic disease prevalence through the lens of the 3V
index during the 1990-2019 period, they were correlated with total calorie intake (i.e.,
calorie quantity), animal food, and IPF calorie shares (%) (i.e., calorie quality). The best-
fitted models/equations were identified for each correlation (i.e., those with the highest
coefficient of determination, R?).
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Due to the non-significant result for Shapiro-Wilk’s test, showing a non-normal distri-
bution of the data (SPAD 9.1 software©, Coheris, Suresnes, France), median values were
always used in this study (e.g., median calorie and nutrient contents for food groups).
All correlation analyses and searches for equations were realized with Excel software
(Microsoft Office 2016©, Redmond, Wash., DC, USA).

3. Results
3.1. Sources of Calorie Intakes

Total calorie intake increased from 1726 to 2266 kcal/day/capita between 1990
and 2019, i.e., +24%, with a slight decrease between 2001 and 2005, from 1965 to
1948 kcal/day/capita (Table 2).

This increase was mainly due to the rise in IPFs, sugar, oils and fats, fish and seafood,
and dairy products consumptions, while cereal consumption decreased from 1122 to
1071 kcal/day/capita (i.e., —4.5%) (Figure 1). Consumption of plant-based foods slightly
increased for nuts and seeds, legumes, pulses and tubers, fruits and vegetables, while spice
and condiment consumption slightly decreased.
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Figure 1. Changes in calorie intake by food group during the 1990-2019 period.

During this same period, animal and IPF intake regularly increased from 15.1 to 24.3%
(exceeding the 15% animal calorie threshold of the Vegetal metric) and from 3.6 to 11.6%
(remaining under the 15% UPF calorie threshold of the Real metric) of calories consumed,
respectively (Table 2), and these two data were highly correlated with each other according
to a polynomial curve (R? = 0.94; Figure 2). The most significant variation was the decrease
in the calories consumed from cereals (—18%) (Table 2).

These changes in calorie shares by food groups expressed in the evolution of macronu-
trient calorie shares from 1990-2019 are as follows: calories from lipids almost doubled
from 13 to 25%, while calories from carbohydrates decreased from 72 to 62%, and protein
calories slightly decreased from 14.4 to 13.3% but remained stable between 1991 and 2019
at approximately 13% (Figure 3). Regarding calories from protein, vegetal protein calories
decreased by 2.4%, while animal protein calories increased by 1.3% (Figure 3).
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Table 2. Evolution of the total calories and calorie percentages by food group and calorie type during the 1990-2019 period.

Years 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Total calories (kcal/day/capita) 1726 1749 1786 1810 1825 1825 1844 1841 1859 1865 1940 1965 1936 1933 1952
% total calories
Cereals 65.0 64.6 63.5 63.1 62.6 62.2 61.8 61.3 60.8 60.4 57.7 57.6 56.9 57.1 56.5
Nuts and seeds 0.0 0.0 14 1.3 1.3 1.2 1.3 1.1 1.1 0.8 0.7 0.9 0.7 0.9 0.8
Sugar 8.4 8.5 8.4 8.4 8.5 8.6 8.7 8.8 8.9 9.0 8.7 8.7 9.5 8.7 9.1
Meats 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Legumes 2.7 2.7 2.5 2.4 2.4 2.4 2.3 2.3 2.2 2.2 19 1.8 2.0 2.0 19
Fish and seafood 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.9 0.9 0.9 0.9
Eggs 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4
Dairy 11.6 11.4 11.3 11.2 11.3 11.5 115 11.5 114 11.6 15.2 15.1 15.1 15.2 15.0
Pulses and tubers 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.8 0.6 0.7 0.7 0.7 0.7 0.6 0.7
Fruits 2.6 2.6 2.7 3.0 3.1 2.9 3.1 3.2 34 3.4 3.0 3.0 29 3.1 3.2
Vegetables 2.5 2.3 2.2 2.4 24 2.5 24 2.2 2.6 2.8 2.7 2.9 2.5 2.4 2.3
Spices and condiments 0.8 0.8 0.7 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.8 0.8 0.8
Oils and fats 0.0 0.7 0.7 0.7 0.8 0.8 0.9 1.1 1.1 1.1 1.0 0.9 0.9 0.9 1.1
IPF 3.6 3.7 3.9 4.0 4.2 4.4 4.6 4.8 5.0 5.3 5.3 55 5.9 6.2 6.5
Animal 15.1 15.1 15.0 15.0 15.2 154 15.6 15.8 15.8 16.0 19.6 19.6 19.7 20.0 20.0
Years 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Total calories (kcal/day/capita) 1948 1982 2026 2053 2042 2061 2092 2092 2093 2132 2161 2190 2217 2242 2266
% total calories
Cereals 55.8 54.8 53.2 52.8 529 52.2 51.8 51.4 51.0 50.3 49.7 48.8 48.3 479 47.2
Nuts and seeds 0.9 1.0 1.0 1.0 0.8 0.8 0.7 0.9 0.8 0.7 0.6 0.7 0.7 0.7 0.7
Sugar 8.5 9.0 10.0 10.0 94 8.9 94 94 9.8 10.0 9.5 9.5 94 94 9.4
Meats 0.8 0.8 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9
Legumes 19 1.9 1.8 1.7 1.7 2.1 2.1 2.1 1.6 15 2.5 2.6 2.6 2.6 2.6
Fish and seafood 1.0 1.0 0.9 1.1 1.0 1.0 0.9 1.0 1.1 1.1 1.1 1.2 1.2 1.2 1.3
Eggs 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.7
Dairy 15.2 15.2 15.3 15.2 154 15.5 15.6 15.7 154 15.6 15.9 16.1 16.2 16.4 16.6
Pulses and tubers 0.8 0.7 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Fruits 3.3 3.6 3.7 4.0 4.0 4.2 4.0 41 4.4 4.5 4.3 4.3 4.3 4.2 4.2
Vegetables 2.7 2.7 2.8 2.8 2.8 3.1 3.2 3.0 3.1 3.1 2.9 2.9 2.9 2.7 2.6
Spices and condiments 0.9 0.8 0.8 0.8 0.8 0.6 0.6 0.3 0.3 04 0.3 04 04 04 0.5
Oils and fats 1.1 1.1 1.1 1.1 1.1 1.3 1.1 1.0 1.0 1.1 1.1 1.1 1.1 1.0 1.0
IPF 6.8 7.0 7.2 7.5 7.9 8.2 8.5 8.9 9.3 9.6 10.0 10.3 10.7 111 11.6
Animal 20.3 20.5 20.6 20.8 21.1 21.4 21.5 21.9 21.8 22.1 22.6 23.1 234 23.9 24.3

Note: For each column (year) the total of food groups is 100% (animal calories not included); Animal calories included all animal sources, i.e., “Meats”, “Fish and seafood”, “Eggs”,
“Dairy”, and a part of “Oils and fats” and “IPF” (see Methods for mixed products in IPF).
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Figure 2. Correlations between percentages of calories from animal food and industrially processed
food during the 1990-2019 period. Fitted curve was chosen based on the highest R?.
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3.2. The Varied Metric: Adequacy according to the RDA

In 1990, there were significant deficiencies in fiber, calcium, iron, magnesium, potas-
sium, zinc and copper, as indicated by negative percentage differences to the RDA. Still,
adequate intake according to the RDA improved for fiber and all minerals and trace el-
ements between 1990 and 2019 (Figure 4a). However, in 2019, fiber, iron, magnesium,
potassium, zinc, and copper were still below the RDA. In 2007, free sugar consumption
exceeded 10% of the total calorie intake and reached +18% in 2019 (Figure 4a).
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Figure 4. The adequacy of the diet with regard to the RDA for adults (%) for (a) fiber, minerals and
trace elements and (b) vitamins during the 1990-2019 period. A negative percentage difference to the
RDA indicates a deficiency.
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Concerning the twelve vitamins, important deficiencies were observed in 1990 for all
vitamins (from —30% to —81% RDA, as indicated by negative percentage differences to
the RDA) except for vitamin Bl (thiamine), vitamin B3 (niacin), and vitamin B9 (folates)
(Figure 4b). From 1990 to 2019, adequacy according to the RDA improved for all vitamins,
but the consumption of vitamin B6 (pyridoxine, —46% RDA), vitamin A (retinol, —63%
RDA)), vitamin E (—35% RDA), vitamin D (—64% RDA) and vitamin C (—39% RDA)
remained insufficient in 2019 (Figure 4b).

Therefore, despite an improvement in the adequacy to RDA (Figure 4) and also in
the diversity of the different consumed food groups (Table 2), the Varied metric remains
insufficiently addressed.

3.3. Chronic Disease Prevalence and Mortality Rates versus Real and Vegetal Metrics

During the 1990-2019 period, overweight, obesity, and type 2 diabetes prevalence
increased from 7.3 to 15.4%, from 0.9 to 3.9%, and from 3.4 to 12.7%, respectively (Figure 5).
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Figure 5. Associations between total calorie intake (kcal/day/capita) and the prevalence of over-
weight, obesity and type 2 diabetes during the 1990-2019 period. Fitted curves were chosen based on
the highest R? (overweight percentage includes obesity). All symbols for obesity, overweight and
type 2 diabetes prevalence correspond to the years from 1990 (left hand side) to 2019 (right hand side
of the figure).

Except for type 2 diabetes prevalence, which was positively correlated with animal
food calorie intake according to a power curve (R2 = 0.82, Figure 6a), these increases were
all significantly and positively correlated with total (Figure 5), animal food (Figure 6a), and
IPF (Figure 6b) calorie intake according to polynomial curves (R? > 0.92).

Except for mortalities due to upper digestive tract diseases, haemoglobinopathy
and hemolytic anemia, all other mortality rates increased during the 1990-2019 period
(Figure 7a,b). Mortality rates of ischemic heart disease, type 2 diabetes and total cancers
more than doubled during this period, and mortality rates for hypertensive heart disease,
stroke and liver diseases increased approximately 1.6-1.8 fold (Figure 7a,b). Overall,
cardiovascular disease mortality increased from 12.7 to 24.8%. More specifically, type 2
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diabetes, liver diseases, obesity, stroke and ischemic heart disease mortality increased with
increases in animal food (Figure 7a) and IPF (Figure 7b) calorie intake.
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Figure 6. During the 1990-2016 period, percentages of (a) industrially processed food calorie shares
and (b) animal calorie shares and the prevalence of overweight, obesity and type 2 diabetes (%).
Fitted curves were chosen based on the highest R?. All symbols for obesity, overweight and type 2
diabetes prevalence correspond to the years from 1990 (left hand side) to 2019 (right hand side of
the figure).
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4. Discussion
4.1. Data from Web Databases versus Published Data

The bases of calculations for the Real and Vegetal metrics are the total, food group,
animal, and IPF calorie intake. Therefore, first, it is essential to compare and discuss our
data about calorie intake with those already published by sources other than web databases,
e.g., Indian national food surveys:

Despite some differences in absolute consumed calorie values (kcal/day/capita), the
relative increase in total calorie intake, with a slight decrease between 2001 and 2005, is
quite overall in agreement with previous data. Notably, declining calorie consumption
was noted in India between 1983 and 2005, whereas real expenditures and incomes in-
creased [46-51]. This has been called the “calorie consumption puzzle” [47,48,50]. For
Duh and Spears, “Several explanations have been offered for this puzzling phenomenon,
including movements in relative prices, impoverishment of a large section of rural India,
diversification of food consumption, decline in calorie needs and a squeeze of the food
budget.” [48]. Eli and Li proposed another explanation that may be complementary to
the previous: “When caloric needs vary substantially, lower caloric intake can actually
correspond to an increase in welfare as it frees up resources for higher food quality and
non-food expenditures” [50]. A slight decrease in calorie intake of approximately 1.5%
was also observed based on National Sample Survey Office data between 1993-1994 and
2011-2012 (from 2109 to 2076 kcal/day) [52], of —4.5% between 1993-1994 and 2011-2012,
i.e., from approximately 2200 to 2100 kcal/day [53], and to similar extent by others [54,55],
while we observed a slight decrease of approximately —0.9% only between 2001 and 2005,
with an average intake of 2092 kcal/day in 2011-2012. However, for Smith, “the measured
calorie decline is incomplete collection of data on food consumed away from peoples’
homes, which is widespread and rapidly increasing”, suggesting a possible increase calorie
intake due to more IPFs purchased outside home [56] that accounted for India’s “missing”
calories [57].

In the Indian national food survey based on the 2016 Urban Survey and the 2012 Rural
survey, an average of 2000 kcal/day was reported considering both rural and urban areas,
with a protein/lipid /carbohydrate caloric ratio of approximately 13/20/67 [45]. In our
study, we found an increase from 2092 to 2190 kcal/day from 2012 to 2016, and an average
ratio of 13/25/62, i.e., with a 5% increase in calorie intake from lipids, which is similar to
the National Sample Survey Office data showing approximately 11/21/69 in 2011-2012
and a 5% increase in calorie intake from lipids from 1993-1994 [52,58]. In our study, protein
consumption remained stable and that of lipids regularly increased to the detriment of
carbohydrates, as previously observed [51], mainly due to increased consumption of dairy,
oils, fats, and IPFs. Regarding protein types, animal protein intake increased from 13.8 to
22.0 g/day in our study (i.e., +37.3%), whereas a 29.2% increase was reported in another
study, i.e., from 8.6 to 12.1 g/day [59]. The discrepancy is mainly due to the higher dairy
intake in our study [35].

Concerning calorie consumption by food group, our results in 2011-2012 are overall in
good agreement with those reported by the National Sample Survey Organization (NSSO)
of India in 2011-2012 [60], with 51.6 and 52.5% of calories obtained from cereals, 8.7 and
10.5% of calories obtained from IPFs, 0.8 and 1.0% of calories obtained from nuts and seeds,
3.1 and 4.0% of calories obtained from vegetables, and < 1% of calories obtained from
fish/seafood, eggs and meats. The decreases in cereal calorie intake (—13%) and the increase
in fruit (+105%), vegetable (+47%) and milk (+91%) calorie intakes from 1990-2016 in our
study were also previously observed (i.e., —9%, +112%, +86% and +70%, respectively), with
no significant evolution in meat calorie intake in either analysis [49]. Finally, the increase
in sugar consumption from 146 to 213 kcal/day between 1990 and 2018 agrees with that
previously reported between 1990 and 2018 of 180 to 230 kcal/day, which also included
other sweeteners [49].

More generally, our results support the previous conclusions that the overall Indian
diet has shifted away from high consumption of cereals to a higher consumption of dairy,
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IPFs and added sugars, but “progress on micronutrient-rich food groups such as fruits,
vegetables, meat, and egg has been worryingly slow” [61]. The projected Indian diet in
2025-2026 might follow these tendencies with higher intakes of fruits, vegetables, dairy
products, and sugar and stable intakes of cereals, pulses and meats [62].

Therefore, our results obtained from web databases are in rather good agreement with
previously published data from Indian national surveys, supporting our calculations for
evaluating the IPF and animal calorie shares (%).

4.2. Caloric Intake, Overweight/Obesity and Type 2 Diabetes Prevalence

Daily total caloric intake in India has increased by approximately 31% in thirty years
but remained below the recommended intake of 2420 kcal/day for moderate activity in
2019 [34]. However, overweight/obesity and type 2 diabetes prevalence and cardiovascular
disease mortality continue to increase, especially the prevalence of diabetes, which reached
10% in 2019. Obesity prevalence remains relatively low (3.9% in 2016) compared with
other emerging countries, such as Brazil (20.1% in 2016) [63] and China (6.2% in 2016) [28].
Therefore, explanations for this increased prevalence must include factors other than solely
increased total calorie intake. We therefore propose to find these explanations in the level
of adequacy—or not—to the 3V index.

4.3. Adequacy according to the 3Vs Index
4.3.1. Metric 1: Minimum of 85% of Calories from Real Foods

The IPF calorie share increased from 3.6% in 1990 to 11.6% in 2019. Limited data
are available for India concerning UPF consumption. The only human study was car-
ried out in 1,030 adolescents in Delhi and reported a mean energy intake from UPFs of
16.2% [64]. Other data were based on sales in 2013 and 2019 and amount to approxi-
mately 6.7 kg/capita [65] and 11.7 kg/capita [14], respectively, i.e., approximately 51 and
89 kcal/day, corresponding to only 2.4 and 3.9% of total calories in 2013 and 2019, re-
spectively. However, the UPF compounding annual growth rate is among the highest
worldwide and is estimated to be near 10% between 2009 and 2019 [14]. In addition, it has
been recently shown that urban households spend more on IPFs and consume more food
away from home than rural households [66]. Therefore, the growing rate of urbanization
in India might lead to still higher intakes of IPFs—and consequently UPFs—in the near
future, with approximately 34% of Indian people living in urban areas in 2019 [49,67].

However, IPF intake appears too low to have contributed, even if partly, to the regular
increases in overweight, obesity, and type 2 diabetes prevalence. Instead, this may be partly
explained by the high level of cereal consumption, generally refined cereals such as white
rice and breads, together with a regular increase in added sugar intake. Indeed, in India, rice
may constitute up to 76% of all consumed cereals [68]. For better shelf life, unrefined cereals
were progressively replaced by highly refined cereals, notably beginning in the 1980s [69].
A significant increase of 17% in type 2 diabetes prevalence was previously reported during
the period 1984-2003 among US adults consuming refined rice (i.e., >5 servings/week
versus <1 serving/month) [68]. Conversely, with the consumption of brown rice, the risk
was significantly decreased by 11% (i.e., >2 servings/week versus <1 serving/month) [70].
In 2012, a similar conclusion was reached with a 55% higher risk of developing type 2
diabetes in the highest category of white rice intake than in the lowest category in Asian
populations [71]. Consequently, it has been suggested to replace “refined grains, such as
polished white rice, with brown/minimally polished rice as measures to reduce the risk of
type 2 diabetes/CVD epidemic in India” [72].

Beyond the increase in IPF consumption and the high level of white rice and sugar
intake, the parallel increase in physical inactivity in the Indian population, as a result of
rapid urbanization and globalization, may also partly contribute to the increased prevalence
of overweight and type 2 diabetes [58]; in 2016, on average 16 and 46% of Indians had a
low-intensity physical activity and were not working, respectively [73].
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4.3.2. Metric 2: 85% of Calories from Plants

The animal calorie share increased from 15.1 to 24.3% between 1990 and 2019 but to
a lesser extent than in China, i.e., from 9.5 to 30.0% [28]. This increase in India is mainly
due to greater consumption of dairy products (+5% calorie share) and animal-based IPFs
(+3.6%) but not meats. The increase from 235 to 368 animal kcal/day between 1990 and
2010 (+57%) was different from that previously reported, i.e., from approximately 150 to
220 between 1990 and 2010 (+47%) [49]. The difference between the two sources was mainly
due to the data supplied by OECD.Stats used in this study [35], which reported a higher
consumption of milk and added the consumption of fresh dairy products (mainly yogurts
and other fermented milks) that was not mentioned in national Indian surveys. Notably,
Indians regularly consume several traditional dairy-based recipes, e.g., ghee (clarified
butter), raitas (yogurt salads with vegetables or fruits), desserts (e.g., milk rice with spices),
pastries (khoya, a paste of condensed milk), tchai (tea with milk), milk coffee with spices,
lassi (a traditional yogurt drink), buttermilk and rose milk [74].

As for IPFs, increases in animal calories are also significantly associated with increases
in overweight, obesity and type 2 diabetes prevalence. However, because the increase in
animal calories was primarily attributed to dairy products rather than red and processed
meat, this association should not be interpreted as implying that dairy is to blame. Dairy
products are generally not linked to obesity [75], type 2 diabetes [76], or cardiovascular
diseases [77], with yoghurt and other fermented milks even being shown to be potentially
protective [78]. These concomitant changes are therefore probably only fortuitous.

4.3.3. Metric 3: Variety of Real Foods

While adequacy according to the RDA improved between 1990 and 2019, numerous
micronutrient deficiencies were observed in 2019, primarily for vitamin B6, retinol, vitamin
E, vitamin C, iron, copper and zinc. For vitamin D, the apparent deficiency is observed
worldwide because sun exposure through solar ultraviolet radiation is not considered, only
food intakes [79,80]. Additionally, deficiencies in iron (anemia), retinol, vitamin C and zinc
have often been reported in India, together with niche deficiencies in specific populations,
such as copper in pregnant women and adult tribal populations [34,81,82]. Vitamin B6
deficiency is also more localized [83]. However, previously reported deficiencies in vitamin
B12 and folate [83] were not observed in our study. Concerning vitamin E, the Expert
Group of Indian Council of Medical Research concluded in 2020 that “no relevant studies
in apparently healthy individuals could be identified by systematic search of studies on
vitamin E and K intake in Indians using PubMed search engine” [34].

4.4. Limitations of the Study

The first limitation of our study is its ecological design using data from web databases.
These platforms sometimes provide total and food group calorie intakes somewhat dif-
ferent from those reported by national Indian surveys. The main observed differences
were that data from web databases indicate higher dairy consumption and lower cereal
consumption. This suggests that data from web databases do not reflect exactly the same
level of consumption by food group as Indian surveys or other epidemiological studies
carried out in the field, sometimes in specific populations, and based on food frequency
questionnaires. At this point, one cannot conclude which data are the most robust and
should be preferred. However, the relative results and tendencies of the evolution of food
group calorie shares are quite similar between both data sources.

Another limitation is that because of the ecological nature of this study, there may be
differences in dietary patterns between Indian regions [73,84] or even ethnic groups based
on religious beliefs and/or traditional culinary habits; obviously, data from web databases
do not allow for exploration of these differences. However, the variability between North,
Central, Northeast, South, West and East India is not so large concerning food group
contribution to calorie intake, especially in rural regions (with more variability in urban
regions) [73].
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5. Conclusions

This study is the first to relate the consumption of IPF and animal calories to the
evolution of chronic disease prevalence and mortality during the 1990-2019 period in India
and suggesting that calorie quality appears to matter more than calorie quantity or nutrient
intakes to explain these current evolutions. As regards to the 3V rule, it also shows that the
overall Indian dietary pattern is slowly, progressively and potentially moving away from
healthiness and sustainability.

Indeed, the improvement in RDA adequacy do not appear to prevent increases in
the prevalence of overweight/obesity and type 2 diabetes or increased mortality from
cardiovascular diseases, showing that this nutritional metric is insufficient to prevent
chronic diseases, as observed in China [28]. The types of evolution observed in the present
study and related to animal and IPF calories, strongly suggest that intakes of these foods
will likely continue to increase and that the Indian population will progressively move
away from the Real and Vegetal metrics, while improving the Varied metric. As a result,
obesity [85], type 2 diabetes [86], and hepatic steatosis (commonly known as “soda” or
“junk food” disease) [87] are expected to continue to rise, and the Indian dietary pattern
will shift away from healthiness and sustainability. To approach the 3V index, the Indian
dietary pattern observed in 2019 should therefore improve in regard to the Varied rule
while stopping the increase in animal-based food and IPF calorie intakes, especially UPF
intake (notably, in Asia, the UPF sale growth rate is among the highest worldwide, i.e.,
>100% [64]), replacing refined cereals with wholegrain [88] and limiting sugar consumption.
The overall Indian dietary pattern is therefore undoubtedly at a crossroads.

As perspectives, the 3V index appears as a holistic and straightforward indicator to
evaluate the evolution of the whole quality of a defined dietary pattern, whatever the
country considered. Concerning Indjia, it indicates that only improving the adequacy to
the nutrient needs (RDA) is insufficient to stay healthy and to prevent chronic diseases.
Consequently, the 3V index also appears as a relevant conceptual framework to develop
protective diets according to regional or country agronomic characteristics.
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