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ABSTRACT

Malnutrition, particularly undernutrition, is a major problem for most low and
middle-income countries. For several years, health professionals have recom-
mended improving daily diets and continuous nutritional education as the solu-
tion to malnutrition and maximising a healthy life. More specifically, malnutri-
tion is often reversible to a certain extent if the balance between energy intake
(EI) and energy requirement (ER) can be measured accurately and maintained
accordingly. The present study tries to assess the nutritional status and evaluate
the EI and ER among the Sabar males living in the Purulia district of West Ben-
gal, India. For this cross-sectional study, 400 Sabar men aged 18-60 years were
selected. To assess their nutritional status, the anthropometric measurements of
height (cm) and weight (kg) were taken following a standard procedure. Body
mass index (BMI) was calculated, and the classification proposed by World
Health Organization (WHO) for the South Asian population was considered.
Body composition variables like Percent Body Fat (PBF), Fat Mass (FM), Fat-
Free Mass (FFM), Fat Mass Index (FMI) and Fat-Free Mass Index (FFMI) were

https://doi.org/10.12697/p0a.2024.33.1.03


https://doi.org/10.12697/poa.2024.33.1.03

48 | Kaustav Das, Souradip Basu et al.

also calculated. The 24-hour dietary recall method was used to assess the nutri-
ent intake (i.e., EI). ER was derived from the estimated total energy expenditure
(TEE) calculated from the predictive equation proposed by the Indian Council
of Medical Research (ICMR) for the Indian population. The study protocol was
approved by the institutional ethical committee. Data were collected after getting
consent from the study participants. The rate of undernutrition increased with
age and was found to be highest (56.9%) among the aged individuals (41-50
years) with an overall prevalence of 48.5%. A gradual decrease in FFM, FFMI
and a steady increase in PBF, FM, and FMI was seen with the increase in age.
Differences were observed in EI and TEE across different age groups and nutri-
tional categories. A negative energy flow was identified where TEE exceeded
El in each age and nutritional category. The high prevalence of undernutrition
demands immediate nutritional intervention. This is probably the first report
on the assessment of EI and TEE among any indigenous community living in
West Bengal, so further studies are required among other communities living in
similar or different ecological conditions for a better understanding and formu-
lation of nutritional policies with special emphasis on elderly people.
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INTRODUCTION

India is experiencing a nutrition transition where undernutrition has been
prevalent, and the cases of overweight/obesity are gradually increasing [1-4].
This condition is recognised as the double burden of malnutrition (DBM) and
is commonly found in most middle and low-income countries [5-7]. A recent
study based on 2015-16 National Family Health Survey (NFHS) data reveals
that, in India, the prevalence of underweight and overweight among adult
men (15-54 years) are almost the same (19.7% and 19.6%) and among women
(15-49 years) 22.9% and 20.6%, respectively [1]. Thus, researchers have opined
that it is the prerequisite to develop appropriate nutrition strategies considering
individualised nutritional needs to address undernutrition and overnutrition
on an urgent basis [1, 8].

Malnutrition is associated with several factors like gender, marital status,
family income, level of education, ageing, healthy lifestyle, physical activities,
unemployment, poverty, changes in dietary practice, comorbidities, access
to health care facilities, etc. and has become the most important factor for
illness and death in recent years [9-17]. For several years, health professionals
have made recommendations on improving daily diets and continuous nutri-
tional education as the solution to malnutrition in the general population and
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maximising a healthy life [18, 19]. More specifically, malnutrition is often
reversible to a certain extent if the balance between energy intake (EI) and energy
requirement (ER) can be measured accurately and maintained accordingly
[20-22]. The amount of EI mostly depends on the intake of carbohydrates
(4 kcal/g), protein (4 kcal/g), and fat (9 kcal/g). Methods like weighing of food
intake, laboratory analysis of foods, quantified 24-hour dietary recalls and food
frequency questionnaires (FFQ) are widely used to assess EI [23]. Currently, it
is reccommended that ER must be assessed by total energy expenditure (TEE)
instead of EI [24-26]. TEE consists of the energy required for vital life processes
(resting energy expenditure (REE), i.e., basal metabolic rate - BMR), the energy
expended during physical activities (energy expenditure of activity), and the
energy utilised for digesting, absorbing, and metabolising food (diet-induced
energy expenditure) [24, 25, 27-30]. Measuring TEE provides important data
to clinical practitioners to determine the amount of calorie intake specifically
for ill patients and particularly in the case of weight management after suc-
cessful weight loss [20]. The doubly labelled water (DLW) technique is proven
to be the gold standard to measure the daily TEE accurately, but this method
is complex and time-consuming, requiring highly trained technical assistance,
expensive instruments and a clinical setting [24, 30-32]. As an alternative, in-
direct calorimetry (IC) is a non-invasive technique and is considered best fitted
under appropriate clinical conditions [21, 22]. However, the use of IC is also
limited in daily practice as it is time-consuming and highly expensive [20, 21,
22, 33]. To solve this problem, several predictive equations are developed to
determine TEE in malnourished individuals and used as an alternative to IC in
clinical practice [21, 33]. Most of these predictive equations are used to estimate
TEE among hospitalised patients with special reference to older adults [21, 22,
34-47]. Studies have also revealed that TEE varies due to several factors like
age, gender, body composition, physical activity levels, climatic conditions, state
of nutrition, ethnicity, etc. and maybe some other genetic influences [48-52].
Therefore, there is no universal consensus that any one predictive equation can
be applicable to different populations with different categories of body mass
index (BMI) [48, 50, 53-54]. Most of the studies are found to be conducted in
the West particularly among white people [55-58], while studies on the Asian
population are limited [50, 59-61]. In 1985, the expert committee of the Food
and Agriculture Organization of the United Nations (FAO), the World Health
Organization (WHO) and the United Nations University (UNU) gave a pre-
dictive equation relating to body weight and corresponding BMR [24]. Here,
it is important to note that the level of physical activity (sedentary/moderate/
heavy work) and the types of food consumed can significantly influence the
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TEE, while certain factors like muscle mass, body composition, and hormonal
factors can also affect BMR [28, 30]. Following FAO/WHO/UNU'’s (1985) rec-
ommendation, the Indian Council of Medical Research (ICMR) expert group
proposed predictive equations for Indians incorporating the physical activity
level with the BMR [24, 29].

As India is the homeland for several ethnic communities living in different
geographical settings and unique for their cultural heritage, information on their
EI and ER is very much needed for proper monitoring of the health conditions
of such communities. In India, tribal people (8.6% of the total population)
[62] are the most underprivileged section and are exposed to several kinds of
malnutrition irrespective of age and gender [1, 9, 63, 64]. Sabar is one such
tribal communities living mainly in the districts of Jhargram, Purulia, Bankura,
Purba and Paschim Medinipur, etc. of the state of West Bengal, India. Tradi-
tionally, they have been forest dwellers, and their mode of subsistence is forag-
ing [9, 63, 65-67]. However, due to deforestation and the implementation of
forest protection and wildlife protection acts, they are forced to leave the jungle
and settle close to the jungle areas [67]. Previous studies have reported a high
prevalence of undernutrition [9, 63, 65, 66] and death incidents due to starva-
tion in this community [67-69]. Even a recent study by Das et al. revealed a
paradoxical result where a high prevalence of undernutrition (44.3%) is found
among adult Sabar males despite balanced nutrient intake [63]. Such kind of
findings demand further exploration. In this context, the present research was
undertaken to evaluate the nutritional status through anthropometry and ana-
lyse the EI and ER among the adult Sabar male population living in the Purulia
district of West Bengal, India. To the best of our knowledge, no such studies
have been conducted in this community or any other tribal community living
in West Bengal, India.

MATERIALS AND METHODS

In this cross-sectional study, 400 Sabar men aged 18-60 years were randomly
selected from 24 villages under seven administrative blocks in the Purulia dis-
trict of West Bengal, India. Purulia district is the westernmost district of the
state with dense forests, rivers, variegated flora and fauna [9]. As a general
exclusion criterion, individuals with any visible physical deformity or history
of major illness were excluded. In addition, individuals practising any dietary
restrictions or special dietary additions were also excluded from this study.
Their participation in the study was purely voluntary. Informed consent was
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collected. Semi-structured schedules were administered to collect information
on their food-related practices and dietary habits. The data were collected
between September 2018 and October 2022. The study received approval from
the Institutional Ethical Committee for Bio-Medical and Health Research in-
volving Human Participants of the University of Calcutta, West Bengal, India
(No. CUIEC/01/02/2022-23).

To evaluate their nutritional condition, anthropometric measurements of
height (cm) and body weight (kg) were taken following a standardised oper-
ating procedure [70]. Height and body weight were measured to the nearest
0.1 cm and 0.1 kg using Martin’s anthropometer rod and a calibrated elec-
tronic weighing machine (OMRON HN 289). These measurements were taken
from the left side, with individuals dressed as little as possible. BMI was calcu-
lated following the standard formula: BMI = Weight (kg) / Height (m)?2. The
classification based on BMI (undernutrition: BMI < 18.5 kg/m?, normal: BMI
18.5-22.9 kg/m?, overweight: BMI 23.0-24.9 kg/m?, obesity: BMI > 25.0 kg/m?)
proposed by WHO for the South Asian population was considered here to
determine the nutritional status of the studied population [71]. Further, body
composition variables like Percent Body Fat (PBF), Fat Mass (FM), Fat-Free
Mass (FFM), Fat Mass Index (FMI) and Fat-Free Mass Index (FFMI) were also
calculated [70, 72-74].

The nutrient intake was assessed by the 24-hour dietary recall method. All
the food items and beverages consumed on the previous day by the individual
were recorded in detail. An electronic digital kitchen weighing scale (SF-400)
was used to weigh the raw ingredients of any preparation. Furthermore, 12 cups
of different sizes (30-1400 ml) and 2 spoons (5 ml and 15 ml) were also used
to measure the quantity of cooked food items following the protocol used by
the National Institute of Nutrition, Hyderabad, India, in their national-level
nutrition survey [75]. After assessing the total cooked quantity of any prepa-
ration, the portion consumed by the study participant was assessed in terms of
cups, following the cup size and volume accordingly. For calculating the raw
food equivalent from individual cooked intake, a conversion factor (CF) for
any ingredient was used [CF = weight of the raw food used (g) / total cooked
quantity of that preparation (ml)] at first, then, at the second stage, the indi-
vidual intake of that ingredient (g) was recorded following the formula = CF
(that ingredient) x volume of individual cooked food consumed (ml) [75].
Following the food composition table prepared by Gopalan et al., the nutritive
values of different food items were calculated [76].
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There is currently no recommended EI for Indian adults; ER was derived
from the estimated TEE calculated and proposed by the ICMR for moderately
active men as 2710 Kcal/day [26]. Strenuous activities such as cultivation or
labour were considered as moderate work activities by ICMR [75]. As the
study participants were found to be homogenous in their regular activities,
including food habits and physical activities (primarily working in daily wage
activities, such as cultivation or labour), the Sabar men were referred to as
moderately active men in this study. It was already mentioned that the ICMR
expert committee adopted the procedure of FAO/WHO/UNU expert consul-
tation where factorial calculations were recommended to estimate the ER of
the adults [24, 29]. At first, following ICMR, the BMR of an individual was
predicted depending on body weight and age. As the study participants were
male (18-60 years), the following equations proposed by ICMR for predicting
BMR for males were considered:

a) 18-30 years: 14.5 x body weight (kg) + 645;

b) 31-60 years: 10.9 x body weight (kg) + 833 [29].

Then the energy cost was determined from different activities of an individual
(including work activity, domestic/leisure time activities and sleep duration).
From the ratio of the energy cost of an individual activity per minute to the cost
of BMR per minute, the physical activity ratio (PAR) was determined [25, 29].
PAR value for activities performed in a day was aggregated over that period to
yield the physical activity level (PAL) by the equation = total PAR-hours / total
time (24 hours) [29]. Based on the PAL values, individuals were classified into
three categories: sedentary work - 1.5, moderate work — 1.8 and heavy work —
2.3, respectively [25, 29]. Therefore, the final formula used to assess TEE was
= predicted BMR x PAL [29].

Data were analysed using the Statistical Package for Social Sciences (SPSS,
IBM) software version 26.0. Descriptive statistics were performed for all the
studied variables, including mean with standard deviation (SD) and minimum
and maximum values. The study participants were divided into four age groups:
group I (18-28 years), group II (29-40 years), group III (41-50 years), and
group IV (51-60 years) based on the 25, 50 and 75% percentile values of age.
A one-way ANOVA test was used to examine the relationship of studied vari-
ables within/between different age groups and nutritional categories. A p-value
of 0.05 was considered to be statistically significant.
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RESULTS

Table 1 shows the characteristics of the studied population where the mean
( SD) age, height, weight, PBE, FM, FFM, FMI, FFMI, and BMI of the popu-
lation were 39.37 + 12.821 years, 162.08 + 5.254 cm, 49.50 * 6.321 kg, 15.45 +
3.606%, 7.76 + 2.552 kg, 41.74 + 4.665 kg, 2.95 + .986 kg/m?, 15.87 + 1.506 kg/
m?and 18.84 + 2.197 kg/m?, respectively. A noticeable difference was observed
in mean values between EI (1659.15 + 194.887 Kcal/day) and TEE (2467.41 +
138.123 Kcal/day) in this population.

Table 1. Descriptive statistics of studied variables

Variables Mean SD Minimum Maximum
Age (years) 39.37 12.821 18 60
Height (cm) 162.08 5.254 140.5 176.0
Weight (kg) 49.50 6.321 35.0 77.1
BMI (kg/m?) 18.84 2.197 13.26 30.69
PBF (%) 15.45 3.606 7.73 30.98
FM (kg) 7.76 2.552 2.96 23.88
FFM (kg) 41.74 4.665 30.00 58.47
FMI (kg/m) 295 .986 1.19 9.51
FFMI (kg/m?) 15.87 1.506 11.60 21.18
El (Kcal/day) 1659.15 194.887 1086.28 2261.25
TEE (Kcal/day) 2467.41 138.123 2160.63 3012.10

SD = Standard Deviation; BMI = Body Mass Index; PBF = Percent Body Fat; FM = Fat Mass; FFM =
Fat Free Mass; FMI = Fat Mass Index; FFMI = Fat Free Mass Index; El = Energy Intake; TEE = Total
Energy Expenditure

Age group-wise distribution of the studied population based on nutritional
status (BMI) showed a high prevalence of undernutrition (48.5%) (Table 2).
The prevalence of underweight participants increased with age, and the highest
frequency was found in age groups III (56.9%) and IV (55.2%). A nominal
presence of overweight participants (4.5%) was also seen.
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Table 2. Age group-wise distribution of the studied population based on nutritional

status (BMI)
Age groups (years)
Nutritional Group | Group Il Group Il Group IV Total
status (BMI) (18-28 (29-40 (41-50 (51-60 N = 400
years) N = years) years) N years)
102 N=109 =93 N =96
Undernutrition 39(38.2) 49 (44.9) 53 (56.9) 53(55.2) 194 (48.5)
Normal 57 (55.8) 55 (50.4) 35(37.6) 41 (42.7) 188 (47.0)
Overweight 6(5.8) 5(4.6) 5(5.4) 2(2.1) 18 (4.5)

Percentages are presented in parentheses

Table 3 represents the effect of age on the studied variables of the studied popu-
lation. Generally, there was evidence of a gradual decrease in BMI, FFM, FFMI
and EI and a steady increase in PBE, FM, and FMI with the increase in age.
Weight was found consistent among age groups I and I and then reduced with
age, whereas almost similar mean values of TEE were found in four age groups.
Statistically significant mean difference was observed for all the studied vari-

ables across the age groups.

Table 3. Age group-wise distribution of the studied variables

Age Group (years)
Variables ?{gf;gl (E;SEZJI Group lII G(;c:u_z(l)v F

years) years) (41 &523;?5) years)

N=102 N=109 N =96
Height (cm) 161.67£5.18 163.04+5.17 162.49+548 161.02+5.03 2.947"
Weight (kg) 50.30+6.47 50.77+6.28 49.20+£5.98 47.49+6.08 5.491"
BMI (kg/m?) 19.22+2.10 19.07+2.03 18.67+2.43 18.31+2.13 3.558"
PBF (%) 12.11+2.65 14.72+2.46 16.56%3.0 18.77+2.56 110.878"
FM (kg) 6.23+2.18 7.60+£2.18 8.29+2.67 9.04+2.33 25.750°
FFM (kg) 44.06+4.51 43.17+4.33 40.91+3.68 38.45+3.93 36.411°
FMI (kg/m?) 2.38+0.80 2.85+0.79 3.16£1.10 3.49+0.89 27.090°
FFMI (kg/m?) 16.84+1.32 16.22+1.27 15.50+1.36 14.82+1.27 44.263"
TS e s
i

BMI = Body Mass Index; PBF = Percent Body Fat; FM = Fat Mass; FFM = Fat Free Mass; FMI =
Fat Mass Index; FFMI = Fat Free Mass Index; El = Energy Intake; TEE = Total Energy Expendi-
ture; “significant at 0.05 level
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Table 4 depicts the relationship of EI and TEE with the nutritional categories. EI
was found to be lower compared to TEE in each nutritional category. The mean
values of both EI and TEE were gradually increasing from the undernutrition to
overweight category. The result of the one-way ANOVA test expressed statisti-
cally significant mean differences for both EI (F;397 = 189.654; p < 0.05) and
TEE (F2307) = 248.869; p < 0.05) across all the nutritional categories.

Table 4. Differences in mean energy intake (Kcal/day) and total energy expenditure
(Kcal/day) among different nutritional (BMI) categories

Nutritional status (BMI)

Variables F
Undernutrition Normal Overweight
1530.523 1756.931 2024.097 .
El (Keal/day) +124.657 +150.322 +175.764 189654
2380.183 2524.343 2812.949 .
TEE (Kcal/day) +84.367 +96.708 +122.441 248.869

El = Energy Intake; TEE =Total Energy Expenditure; * Significant at 0.05 level

DISCUSSION

The study conducted among 400 adult Sabar males in the Purulia district of
West Bengal found that the participants had a higher prevalence of under-
nutrition (48.5%). It was also observed that mean BMI values decreased with
age, and the highest level of undernourishment was found among the elderly
individuals in groups III (56.9%) and IV (55.2%) (Table 2). Recent studies
have shown a global trend of increasing undernutrition among older people
compared to younger ones [77-79]. When comparing the findings with some
selected global studies conducted in recent years mainly in semi-urban areas, it
was revealed that the prevalence of undernutrition among the Sabar elderly was
much higher than in the elderly individuals of Sri Lanka (30.6%) [80], Lebanon
(7.6%) [81], China (8.0%) [82], Iran (11.5%) [83], Africa (19.2%) [78], Taiwan
(20.2%), [79], Nepal (24.0%) [84], Bangladesh (26.0%) [85], and southern India
(17.9%) [86]. It is evident from different studies that, with ageing, changes occur
in body shape, size, and composition, probably due to alterations in energy
balance (positive energy balance leading to weight gain and negative balance
resulting in weight loss) [87-89]. There is also a hormonal element. Aging is
associated with less insulin action leading to less anabolism of fat and muscle
protein, and declining testosterone leading to reduced muscle mass. This is the
reason why, even in rich countries, BMI often declines after about 65 years of
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age [90, 91]. A recent study on a cohort of 8499 men and women (40-80 years)
from a Central European population revealed age-dependent alterations, in-
cluding changes in body type and anthropometric indices, indicating similar
results [88]. In India, most tribal communities reside in rural and forest areas
where the frequency of undernutrition is significantly higher across all age
groups and genders compared to their urban counterparts [92-94]. A study
by Arlappa et al. in nine states of India reported a very high prevalence of
undernutrition (61.8%) among tribal elderly males [95]. Likewise, according to
a study conducted by NNMB, 40% of tribal males were undernourished [75].
Another study among nine tribes from three states — Gujarat, Odisha and West
Bengal - reported that prevalence of undernutrition among tribal males was
32.1% [93]. The present study also revealed that the Sabars exhibited a higher
prevalence of undernutrition when compared to the Savars (38.0%) of Keonjhar,
Orissa [96], Shabars (40.3%) of Cuttack and Khurda, Orissa [97], and Sabars
of Bankura in West Bengal (46.8%) [65]. When comparing the results of the
current study with previous research conducted on other tribal communities of
West Bengal, a high prevalence of undernutrition was also found among adult
male Bhumij (52.3%), Munda (50%), Koras (51.9%), Santals (55.0%), and lower
among Oraon (46.2%), Lodhas (45.2%), and Birhor (19.4%) [92, 93, 98-102].
This may result from changes in food habits and physical activities, which were
identified as the common reasons for the increase in undernutrition in some
of the studied tribal populations [92, 93, 100]. Several studies have shown that,
in recent years, urban market centres were developed close to the habitat of
indigenous people in most of the low and middle-income countries, and these
people became exposed to the urban lifestyle and have explicitly exhibited a
broad shift in the structure of their diet and physical activities [93, 103, 104].
Alongside the significantly higher prevalence of undernutrition among Sabar
males, there was also a small proportion of individuals who were overweight
(4.5%). This may be due to the rapid economic progress in India, which has
resulted in transitions in various aspects, such as economic conditions, lifestyle,
dietary habits, reduced physical activities, etc. [105-107].

It has already been mentioned that age has a significant impact on body
composition; throughout the ageing process, several changes occur in the
body, including shifts in muscle mass, fat distribution, and bone density [89,
108-110]. Even alterations in body composition due to ageing are frequently
observed where people’s body weight does not increase with age, but body fat
increases [111, 112]. The current study observed a pattern regarding the rise
in mean values of PBF, FM and FMI with age (Table 3). This finding is consis-
tent with earlier studies indicating that PBF and FM tend to rise as individuals
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age, primarily due to the decline in FFM [89, 113]. Again, this study found a
negative association between FFM and FFMI with age, aligning with previous
global studies that have reported a decline in FFM and FFMI as age increases
[114-117]. One of the possible reasons behind such conditions is sarcopenia,
a progressive condition characterised by muscle loss, disordered energy meta-
bolism, reduced strength, and decreased functionality, which ultimately leads
to malnutrition [90, 118, 119]. Multiple risk factors have been associated with
sarcopenia, and some studies have identified excessive alcohol consumption as
one potential factor [120-124]. In the specific context of this study, excessive
consumption of alcohol from an early age among the studied population has
already been reported by Das et al. [9], which may be a possible reason behind
such a condition. Contrarily, numerous studies have also expressed the view
that the consumption of alcohol does not impact the progression of sarcopenia
[125-127]. Further in-depth research on various indigenous communities living
in diverse environments is required to substantiate this observation.

When considering EI, it is seen that the Sabar males in the present study con-
sume very few calories (1659.15+194.887 Kcal/day) compared to recommended
dietary allowances (RDA) of ICMR for moderately active men (2710 Kcal/
day) [26]. Low calorie intake was also seen among other tribes like the Soligas
(1630 Kcal/day) of Karnataka; Dubla (1540 Kcal/ day) and Worli (1350 Kcal/
day) of Central and Eastern India; Irula (1860 Kcal/ day), Paniyan (1975 Kcal/
day), and Malapandaram (1836 Kcal/ day) of South India; Nokte (1930 Kcal/
day) of North East India; and Pahariya (2210 Kcal/ day) and Koya (2380 Kcal/
day) of Eastern India (128). Even higher calory consumption than recom-
mended was seen among a few North Indian tribes, like Riang (3059 Kcal/
day) [128], Sherpa (3017 Kcal/ day) and Lepcha of Kalimpong (3571 Kcal/day)
[129]. In this context, it is to be mentioned that the balance between EI and TEE
is essential for maintaining body temperature, respiration, muscle functioning,
metabolism, and physical activity [28, 130]. Energy balance may be used as a
fundamental thermodynamics principle to demonstrate how body weight will
change over time in response to changes in EI and TEE [28, 130]. The present
study observed that all the age groups had expressed a negative energy balance
where daily TEE persistently exceeds EI (Table 3). The mean of EI showed a
steady decline. In contrast, TEE was consistent with increasing age, which indi-
cated the decrease in muscle mass relative to the total body could be wholly
responsible for the age-related declines in BMR [60, 131]. Several studies in the
last few decades showed that TEE depends on FFM and is influenced by FM,
especially by fat distribution [132, 133]. However, a few studies have shown con-
tradictory results, revealing that the decline in EE with advancing age cannot
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be totally due to changes in body composition [134, 135]. In a recent study on
tribal communities living in south Rajasthan, India, Saxena et al. [136] revealed
the presence of satiety and negative energy flow as an outcome measure to
combat household food insecurity. The idea of satiety, precisely the inhibitory
effect of dietary consumption on appetite, was conceptualized and proposed by
Blundell et al. [137]. This conceptual framework is dependent on the metabolic
effects of nutrients in the gut and intestine, which combines the physiological
events controlling appetite with the simultaneous behaviours and physiological
experiences that are integral to the eating process as well as lower calorie intake
as a key outcome [138-141]. Previous studies have shown a close association
between the higher consumption of macronutrients and satiety, where specific
high protein and carbohydrate meals induce satiety, and therefore, reduced
body weight, resulting in a negative energy balance [142, 143]. Recently, Das
et al. [63] reported satisfactory consumption of protein (57.02 + 21.21 g/day)
and fat (32.68 + 11.26 g/day) and much higher consumption of carbohydrate
(288.80 + 42.39 g/day) compared to RDA of ICMR among the Sabar males in
West Bengal. Thus, the low energy consumption among the studied population
raised the possibility that unintentional negative energy balance may be induced
by increased TEE and decreased EI and weight loss. Further, the difference
between EI and TEE was found higher among the undernourished than the
overweight or normal individuals (Table 4). So, observing the differences in
EI and TEE among different age groups as well as among different nutritional
categories, it can be concluded that there may be a direct relationship between
EI and TEE as the participants have low normal BMI, and some other factors
may cause such kind of results which needs further exploration.

CONCLUSION

This study revealed that almost half of the studied participants were under-
nourished, while a trend of increase in undernutrition cases with age was iden-
tified. Further, a decline in FFM and FFMI and an increase of PBE, FM and
FMI with age was seen. When considering EI and TEE, a negative energy flow
was found among the population where TEE exceeds EI in each age group as
well as in nutritional categories. As this is an exploratory study, further studies
are required with a larger sample size among other indigenous communities
living in similar or different ecological conditions for better understanding
and formulation of micro-level nutritional policies with special emphasis on
elderly people.



Assessment of nutritional status of the Sabars of West Bengal | 59

ACKNOWLEDGEMENTS

We would like to express our deep gratitude to all the participants for their
help, support and cooperation. We are also thankful to Paschim Banga Kheria
Sabar Kalyan Samity for all sorts of cooperation and logistical support during
fieldwork.

REFERENCES

1.

10.

Bhandari P., Gayawan E., Yadav S. (2021). Double burden of underweight and
overweight among Indian adults: spatial patterns and social determinants. Public
Health Nutr, 24(10), 2808-2822. https://doi.org/10.1017/S1368980021001634

Dutta M., Selvamani Y., Singh P, Prashad L. (2019). The double burden of malnu-
trition among adults in India: evidence from the National Family Health Survey 4
(2015-16). Epidemiol Health, 41, €2019050. https://doi.org/10.4178/epih.e2019050

Razak E, Corsi D. J., Slutsky A. S., Kurpad A., Berkman L., Laupacis A., Subra-
manian S. V. (2015). Prevalence of Body Mass Index Lower Than 16 Among
Women in Low- and Middle-Income Countries. JAMA, 314(20), 2164-2171.
https://doi.org/10.1001/jama.2015.15666

Swaminathan S., Menon P. (2020, January 4). The Double Burden of Malnutrition:
Need For Urgent Policy Action. The Hindu. https://www.thehindu.com/sci-tech/
health/the-double-burden-of-malnutrition-need-for-urgent-policy-action/arti-
cle30479202.ece

Nugent R., Levin C., Hale J., Hutchinson B. (2020). Economic effects of the double
burden of malnutrition. Lancet, 395(10218), 156-164. https://doi.org/10.1016/
S0140-6736(19)32473-0

Popkin B. M., Corvalan C., Grummer-Strawn L. M. (2020). Dynamics of the double
burden of malnutrition and the changing nutrition reality. Lancet, 395(10217),
65-74. https://doi.org/10.1016/S0140-6736(19)32497-3

World Health Organization. (2017). The Double Burden of Malnutrition: Policy
Brief. Geneva: World Health Organization.

Hawkes C., Ruel M. T., Salm L., Sinclair B., Branca E (2020). Double-duty actions:
seizing programme and policy opportunities to address malnutrition in all its forms.
Lancet, 395(10218), 142-155. https://doi.org/10.1016/S0140-6736(19)32506-1
Das K., Mukherjee K., Ganguli S., Pal S., Bagchi S. S. (2020). Age-related variations
in anthropometry, body composition and nutritional status among the adult Kheria
Sabar males of Purulia, West Bengal, India. Coll Anthropol, 44(2), 73-80.
Govind R, Rajeev ], Bhatt A. N. (2020). Malnutrition among community dwelling
older adults in a rural block area of South India. ] Family Med Prim Care, 9(12),
5982-5987. https://doi.org/10.4103/jfmpc.jfmpc_1248_20.


https://doi.org/10.1017/S1368980021001634
https://doi.org/10.4178/epih.e2019050
https://doi.org/10.1001/jama.2015.15666
https://www.thehindu.com/sci-tech/health/the-double-burden-of-malnutrition-need-for-urgent-policy-action/article30479202.ece
https://www.thehindu.com/sci-tech/health/the-double-burden-of-malnutrition-need-for-urgent-policy-action/article30479202.ece
https://www.thehindu.com/sci-tech/health/the-double-burden-of-malnutrition-need-for-urgent-policy-action/article30479202.ece
https://doi.org/10.1016/S0140-6736(19)32473-0
https://doi.org/10.1016/S0140-6736(19)32473-0
https://doi.org/10.1016/S0140-6736(19)32497-3
https://doi.org/10.1016/S0140-6736(19)32506-1
https://doi.org/10.4103/jfmpc.jfmpc_1248_20

60

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

| Kaustav Das, Souradip Basu et al.

Pefia M., Bacallao J. (2002). Malnutrition and poverty. Annu Rev Nutr, 22, 241-253.
https://doi.org/10.1146/annurev.nutr.22.120701.141104

Powell L. M., Slater S., Mirtcheva D., Bao Y., Chaloupka F. J. (2007). Food store
availability and neighborhood characteristics in the United States. Prev Med, 44(3),
189-195. https://doi.org/10.1016/j.ypmed.2006.08.008

Rahman K. M. T., Khalequzzaman M., Khan E. A, Rayna S. E., Samin S., Hasan M.,
Islam S. S. (2021). Factors associated with the nutritional status of the older popu-
lation in a selected area of Dhaka, Bangladesh. BMC Geriatr, 21(1), 161. https://
doi.org/10.1186/s12877-021-02068-2

Siddiqui E, Salam R. A., Lassi Z. S., Das J. K. (2020). The intertwined relation-
ship between malnutrition and poverty. Front Public Health, 8, 453. https://doi.
org/10.3389/fpubh.2020.00453

Soeters P, Bozzetti E, Cynober L., Forbes A., Shenkin A., Sobotka L. (2017).
Defining malnutrition: A plea to rethink. Clin Nutr, 36(3), 896-901. https://doi.
0rg/10.1016/j.clnu.2016.09.032

Sutradhar I, Gayen P,, Hasan M., Gupta R. D., Roy T., Sarker M. (2019). Eye diseases:
the neglected health condition among urban slum population of Dhaka, Bangla-
desh. BMC Ophthalmol, 19(1), 38. https://doi.org/10.1186/s12886-019-1043-z

Webb P, Stordalen G. A, Singh S., Wijesinha-Bettoni R., Shetty P, Lartey A. (2018).
Hunger and malnutrition in the 21st century. BMJ (Clinical research ed.), 361,
k2238. https://doi.org/10.1136/bm;j.k2238

Crittenden A. N., Schnorr S. L. (2017). Current views on hunter-gatherer nutrition
and the evolution of the human diet. Am J Phys Anthropol, 162, 84-109. https://
doi.org/10.1002/ajpa.23148

Péter S., Saris W. H., Mathers J. C., Feskens E., Schols A., Navis G., Kuipers E,,
Weber P, Eggersdorfer M. (2015). Nutrient Status Assessment in Individuals and
Populations for Healthy Aging — Statement from an Expert Workshop. Nutrients,
7(12), 10491-10500. https://doi.org/10.3390/nu7125547

Haugen H. A., Chan L. N,, Li E (2007). Indirect calorimetry: A practical guide for
clinicians. Nutr Clin Pract, 22(4), 377-388. https://doi.org/10.1177/01154265070
22004377

Kruizenga H. M., Hofsteenge G. H., Weijs P. J. (2016). Predicting resting energy
expenditure in underweight, normal weight, overweight, and obese adult hospital
patients. Nutr Metab, 13, 85. https://doi.org/10.1186/5s12986-016-0145-3

Neelemaat E, van Bokhorst-de van der Schueren M. A., Thijs A., Seidell J. C.,
Weijs P. J. (2012). Resting energy expenditure in malnourished older patients
at hospital admission and three months after discharge: predictive equations
versus measurements. Clin Nutr, 31(6), 958-966. https://doi.org/10.1016/j.
clnu.2012.04.010


https://doi.org/10.1146/annurev.nutr.22.120701.141104
https://doi.org/10.1016/j.ypmed.2006.08.008
https://doi.org/10.1186/s12877-021-02068-2
https://doi.org/10.1186/s12877-021-02068-2
https://doi.org/10.3389/fpubh.2020.00453
https://doi.org/10.3389/fpubh.2020.00453
https://doi.org/10.1016/j.clnu.2016.09.032
https://doi.org/10.1016/j.clnu.2016.09.032
https://doi.org/10.1186/s12886-019-1043-z
https://doi.org/10.1136/bmj.k2238
https://doi.org/10.1002/ajpa.23148
https://doi.org/10.1002/ajpa.23148
https://doi.org/10.3390/nu7125547
https://doi.org/10.1177/0115426507022004377
https://doi.org/10.1177/0115426507022004377
https://doi.org/10.1186/s12986-016-0145-3
https://doi.org/10.1016/j.clnu.2012.04.010
https://doi.org/10.1016/j.clnu.2012.04.010

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Assessment of nutritional status of the Sabars of West Bengal | 61

Ayogu R. N. B, Oshomegie H., Udenta E. A. (2022). Energy intake, expenditure and
balance, and factors associated with energy balance of young adults (20-39 years):
A retrospective cross-sectional community-based cohort study. BMC Nutr, 8(1),
142. https://doi.org/10.1186/s40795-022-00628-2

Energy and protein requirements. (1985). Report of a joint FAO/WHO/UNU Expert
Consultation. World Health Organization Technical Report Series, 724, 1-206.

Human energy requirements. Scientific background papers from the Joint FAO/
WHO/UNU Expert Consultation. October 17-24, 2001. Rome, Italy. (2005). Public
Health Nutrition, 8(7A), 929-1228. https://doi.org/10.1079/phn2005778

Indian Council of Medical Research. (2020). Nutrient requirements and recom-
mended dietary allowances for Indians: A Report of the Expert Group of the Indian
Council of Medical Research. National Institute of Nutrition. Hyderabad, India.

Heydenreich J., Kayser B., Schutz Y., Melzer K. (2017). Total Energy Expenditure,
Energy Intake, and Body Composition in Endurance Athletes Across the Training
Season: A Systematic Review. Sports Med Open, 3(1), 8. https://doi.org/10.1186/
$40798-017-0076-1

Hill J. O., Wyatt H. R., Peters J. C. (2013). The Importance of Energy Balance. Eur
Endocrinol, 9(2), 111-115. https://doi.org/10.17925/EE.2013.09.02.111

Indian Council of Medical Research. (2010). Nutrient requirements and recom-
mended dietary allowances for Indians: A report of the expert group of the Indian
Council of Medical Research. National Institute of Nutrition. Hyderabad, India.

Sinha S., Kurpad A. V., Kuriyan R. (2021). Total Energy Expenditure (TEE) of young
adults from urban South India: revisiting their daily energy requirement. Eur J Clin
Nutr, 75(5), 845-851. https://doi.org/10.1038/541430-020-00790-5

Anjana R. M., Sudha V., Lakshmipriya N., Subhashini S., Pradeepa R., Geetha
L., Bai M. R,, Gayathri R., Deepa M., Unnikrishnan R., Binu V. S., Kurpad A. V,,
Mohan V. (2015). Reliability and validity of a new physical activity questionnaire for
India. Int ] Behav Nutr Phys Act, 12, 40. https://doi.org/10.1186/s12966-015-0196-2

International Atomic Energy Agency. (2009). Assessment of Body Composition and
Total Energy Expenditure in Humans Using Stable Isotope Techniques (IAEA Human
Health Series No. 3). IAEA. Vienna. https://www.iaea.org/publications/7982/
assessment-of-body-composition-and-total-energy-expenditure-in-humans-using-
stable-isotope-techniques

Pourhassan M., Daubert D., Wirth R. (2020). Measured and Predicted Resting
Energy Expenditure in Malnourished Older Hospitalized Patients: A Cross-
Sectional and Longitudinal Comparison. Nutrients, 12(8), 2240. https://doi.
org/10.3390/nu12082240


https://doi.org/10.1186/s40795-022-00628-2
https://doi.org/10.1079/phn2005778
https://doi.org/10.1186/s40798-017-0076-1
https://doi.org/10.1186/s40798-017-0076-1
https://doi.org/10.17925/EE.2013.09.02.111
https://doi.org/10.1038/s41430-020-00790-5
https://doi.org/10.1186/s12966-015-0196-2
https://www.iaea.org/publications/7982/assessment-of-body-composition-and-total-energy-expenditure-in-humans-using-stable-isotope-techniques
https://www.iaea.org/publications/7982/assessment-of-body-composition-and-total-energy-expenditure-in-humans-using-stable-isotope-techniques
https://www.iaea.org/publications/7982/assessment-of-body-composition-and-total-energy-expenditure-in-humans-using-stable-isotope-techniques
https://doi.org/10.3390/nu12082240
https://doi.org/10.3390/nu12082240

62

34.

35.

36.

37.

38.

39.

40.

4]1.

42,

43.

44,

| Kaustav Das, Souradip Basu et al.

Ahmad A., Duerksen D. R., Munroe S., Bistrian B. R. (1999). An evaluation of
resting energy expenditure in hospitalized, severely underweight patients. Nutri-
tion, 15(5), 384-388. https://doi.org/10.1016/50899-9007(99)00068-4

Alix E., Berrut G., Boré M., Bouthier-Quintard F,, Buia J. M., Chlala A., Cledat Y,,
d’Orsay G., Lavigne C., Levasseur R., Mouzet J. B.,, Ombredanne M. P, Sallé A.,
Gaillard C., Ritz P. (2007). Energy requirements in hospitalized elderly people. ] Am
Geriatr Soc, 55(7), 1085-1089. https://doi.org/10.1111/j.1532-5415.2007.01236.x

Bhattacharya J., Currie J., Haider S. (2004). Poverty, food insecurity, and nutri-
tional outcomes in children and adults. ] Health Econ, 23(4), 839-862. https://doi.
org/10.1016/j.jhealeco.2003.12.008

Bosy-Westphal A., Eichhorn C., Kutzner D., Illner K., Heller M., Miiller M. J.
(2003). The age-related decline in resting energy expenditure in humans is due to
the loss of fat-free mass and to alterations in its metabolically active components.
J Nutr, 133(7), 2356-2362. https://doi.org/10.1093/jn/133.7.2356

Compher C., Cato R., Bader J., Kinosian B. (2004). Harris-Benedict equations do
not adequately predict energy requirements in elderly hospitalized African Ameri-
cans. ] Natl Med Assoc, 96, 209e14.

Flancbaum L., Choban P. S., Sambucco S., Verducci J., Burge J. C. (1999). Com-
parison of indirect calorimetry, the Fick method, and prediction equations in esti-
mating the energy requirements of critically ill patients. Am J Clin Nutr, 69(3),
461-466. https://doi.org/10.1093/ajcn/69.3.461

Fraipont V., Preiser J. C. (2013). Energy estimation and measurement in criti-
cally ill patients. JPEN J Parenter Enteral Nutr, 37(6), 705-713. https://doi.
org/10.1177/0148607113505868

Fredrix E. W,, Soeters P. B., Deerenberg I. M., Kester A. D., von Meyenfeldt M. E,
Saris W. H. (1990). Resting and sleeping energy expenditure in the elderly. Eur
] Clin Nutr, 44(10), 741-747.

Judges D., Knight A., Graham E., Goff L. M. (2012). Estimating energy require-
ments in hospitalized underweight and obese patients requiring nutritional sup-
port: a survey of dietetic practice in the United Kingdom. Eur J Clin Nutr, 66(3),
394-398. https://doi.org/10.1038/ejcn.2011.211

Melzer K., Laurie Karsegard V., Genton L., Kossovsky M. P, Kayser B., Pichard C.
(2007). Comparison of equations for estimating resting metabolic rate in healthy
subjects over 70 years of age. Clin Nutr, 26(4), 498-505. https://doi.org/10.1016/j.
clnu.2007.05.002

Parker E. A., Feinberg T. M., Wappel S., Verceles A. C. (2017). Considerations When
Using Predictive Equations to Estimate Energy Needs Among Older, Hospitalized
Patients: A Narrative Review. Curr Nutr Rep, 6, 102-110. https://doi.org/10.1007/
s13668-017-0196-8


https://doi.org/10.1016/s0899-9007(99)00068-4
https://doi.org/10.1111/j.1532-5415.2007.01236.x
https://doi.org/10.1016/j.jhealeco.2003.12.008
https://doi.org/10.1016/j.jhealeco.2003.12.008
https://doi.org/10.1093/jn/133.7.2356
https://doi.org/10.1093/ajcn/69.3.461
https://doi.org/10.1177/0148607113505868
https://doi.org/10.1177/0148607113505868
https://doi.org/10.1038/ejcn.2011.211
https://doi.org/10.1016/j.clnu.2007.05.002
https://doi.org/10.1016/j.clnu.2007.05.002
https://doi.org/10.1007/s13668-017-0196-8
https://doi.org/10.1007/s13668-017-0196-8

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Assessment of nutritional status of the Sabars of West Bengal | 63

Segadilha N. L. A. L., Rocha E. E. M., Tanaka L. M. S., Gomes K. L. P., Espi-
noza R. E. A., Peres W. A. F. (2017). Energy Expenditure in Critically Ill Elderly
Patients: Indirect Calorimetry vs Predictive Equations. JPEN J Parenter Enteral
Nutr, 41(5), 776-784. https://doi.org/10.1177/0148607115625609

Siervo M., Bertoli S., Battezzati A., Wells J. C., Lara J., Ferraris C., Tagliabue A.
(2014). Accuracy of predictive equations for the measurement of resting energy
expenditure in older subjects. Clin Nutr, 33(4), 613-619. https://doi.org/10.1016/j.
clnu.2013.09.009

DeLany J. P. (2013). Energy requirement methodology. In A. M. Coulston,
C. J. Boushey, M. Ferruzzi (Eds.), Nutrition in the Prevention and Treatment of
Disease (pp 81-83). New York: Academic Press.

Joseph M., Gupta R. D., Prema L., Inbakumari M., Thomas N. (2017). Are Pre-
dictive Equations for Estimating Resting Energy Expenditure Accurate in Asian
Indian Male Weightlifters? Indian ] Endocrinol Metab, 21(4), 515-519. https://doi.
org/10.4103/ijem.IJEM_563_16

Soni H., Kacker S., Saboo N., Buttar K., Jitender (2020). Measurement of Resting
Energy Expenditure with Indirect Calorimetry and Predictive Equations in Healthy
Young Adults: A Cross-sectional Study. J Clin Diagn Res, 14(7), 9-12. https://doi.
org/10.7860/JCDR/2020/43680.13881

Speakman J. R, Selman C. (2003). Physical activity and resting metabolic rate. Proc
Nutr Soc, 62(3), 621-634. https://doi.org/10.1079/PNS2003282

Weinsier R. L., Schutz Y., Bracco D. (1992). Re-examination of the relationship
of resting metabolic rate to fat-free mass and to the metabolically active compo-
nents of fat-free mass in humans. Am J Clin Nutr, 55(4), 790-794. https://doi.
org/10.1093/ajcn/55.4.790

Almajwal A. M., Abulmeaty M. (2019). New Predictive Equations for Resting
Energy Expenditure in Normal to Overweight and Obese Population. Int ] Endo-
crinol, 2019, 5727496. https://doi.org/10.1155/2019/5727496

Soares M. J., Francis D. G., Shetty P. S. (1993). Predictive equations for basal meta-
bolic rates of Indian males. Eur J Clin Nutr, 47, 389-394.

Harris J. A., Benedict E. G. (1918). A Biometric Study of Human Basal Metabolism.
Proc Natl Acad Sci USA, 4(12), 370-373. https://doi.org/10.1073/pnas.4.12.370
Mifflin M. D,, St Jeor S. T., Hill L. A., Scott B. J., Daugherty S. A., Koh Y. O. (1990).
A new predictive equation for resting energy expenditure in healthy individuals.
Am ] Clin Nutr, 51(2), 241-247. https://doi.org/10.1093/ajcn/51.2.241

Nelson K. M., Weinsier R. L., Long C. L., Schutz Y. (1992). Prediction of resting
energy expenditure from fat-free mass and fat mass. Am J Clin Nutr, 56, 848-856.
https://doi.org/10.1093/ajcn/56.5.848


https://doi.org/10.1177/0148607115625609
https://doi.org/10.1016/j.clnu.2013.09.009
https://doi.org/10.1016/j.clnu.2013.09.009
https://doi.org/10.4103/ijem.IJEM_563_16
https://doi.org/10.4103/ijem.IJEM_563_16
https://doi.org/10.7860/JCDR/2020/43680.13881
https://doi.org/10.7860/JCDR/2020/43680.13881
https://doi.org/10.1079/PNS2003282
https://doi.org/10.1093/ajcn/55.4.790
https://doi.org/10.1093/ajcn/55.4.790
https://doi.org/10.1155/2019/5727496
https://doi.org/10.1073/pnas.4.12.370
https://doi.org/10.1093/ajcn/51.2.241
https://doi.org/10.1093/ajcn/56.5.848

64

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

| Kaustav Das, Souradip Basu et al.

Schofield W. N. (1985). Predicting basal metabolic rate, new standards and review
of previous work. Hum Nutr Clin Nutr, 39(1), 05-41.

Dasgupta R., Venkatesan P, Goyal A., Wickramanayake A., Chaithanya Murthy K.,
Inbakumari M., Hawkins M., Thomas N. (2018). The lack of validity of predictive
equations for calculating resting energy expenditure in Asian Indian patients with
type 1 and type 2 diabetes mellitus. Indian J Physiol Pharmacol, 62(3), 314-319.

Joseph P, Leong D., McKee M., Anand S. S., Schwalm J. D., Teo K., Mente A.,
Yusuf S. (2017). Reducing the Global Burden of Cardiovascular Disease, Part 1: The
Epidemiology and Risk Factors. Circ Res, 121(6), 677-694. https://doi.org/10.1161/
CIRCRESAHA.117.308903

Shimokata H., Kuzuya E (1993). Nihon Ronen Igakkai Zasshi, 30(7), 572-576.
https://doi.org/10.3143/geriatrics.30.572

Census of India. (2011). Population Census 2011. Office of the Registrar General
and Census Commissioner. New Delhi, Government of India. https://censusindia.
gov.in/nada/index.php/catalog/43018

Das K., Mukherjee K., Ganguli S., Pal S., Bagchi S. S. (2021). The association
between Somatotype and Nutritional Status: a cross-sectional study among the
adult Sabar males of Purulia, West Bengal, India. Int ] Anthropol Ethnol, 5(5).
https://doi.org/10.1186/s41257-021-00046-5

Das K., Mukherjee K., Ganguli S., Bagchi S. S. (2022). Dietary intake and nutritional
status of the adult Kheria Sabar males of West Bengal, India. Ecol Food Nutr, 61(3),
367-384. https://doi.org/10.1080/03670244.2021.2018310

Dhargupta A., Goswami A., Sen M., Mazumder D. (2009). Study on the effect of
socio-economic parameters on the health status of the Toto, Santal, Sabar, and
Lodha tribes of West Bengal, India. Stud Tribes Tribals, 7(1), 31-38.

Ghosh M., Bhandari S., Bose K. (2018). Anthropometric characteristics and nutri-
tional status of adult Sabars of Bankura District, West Bengal. Hum Biol Rev, 7(1),
71-83.

Gupta S. (2011). ‘Paschim Banga Kheria Sabar Kalyan Samiti, Puruliya, West
Bengal, India: Case study of an NGO’s role in poverty alleviation. Int ] Rural
Manage, 7(1-2), 149-158. https://doi.org/10.1177/0973005212459835

Guha A. (2016, July 15). Should Lodhas become Hindus then? FORWARD Press.
https://www.forwardpress.in/2016/07/lodhas-living-among-inhuman-indians/

Press Trust of India. (2018, December 5). After 7 deaths, Bengal govt to provide
nutritious food to Sabars, Lodhas. Business Standard. https://www.theweek.in/wire-
updates/national/2018/12/05/cal6-wb-tribal-food.html

Nandi C. (2019, May 2). Development, ‘unfulfilled’ promises to decide fate of can-
didates in Tribal Bengal. Outlook. https://www.outlookindia.com/national/india-
news-development-unfulfilled-promises-to-decide-fate-of-candidates-in-tribal-
bengal-news-329684


https://doi.org/10.1161/CIRCRESAHA.117.308903
https://doi.org/10.1161/CIRCRESAHA.117.308903
https://doi.org/10.3143/geriatrics.30.572
https://censusindia.gov.in/nada/index.php/catalog/43018
https://censusindia.gov.in/nada/index.php/catalog/43018
https://doi.org/10.1186/s41257-021-00046-5
https://doi.org/10.1080/03670244.2021.2018310
https://doi.org/10.1177/0973005212459835
https://www.forwardpress.in/2016/07/lodhas-living-among-inhuman-indians/
https://www.theweek.in/wire-updates/national/2018/12/05/cal6-wb-tribal-food.html
https://www.theweek.in/wire-updates/national/2018/12/05/cal6-wb-tribal-food.html
https://www.outlookindia.com/national/india-news-development-unfulfilled-promises-to-decide-fate-of-candidates-in-tribal-bengal-news-329684
https://www.outlookindia.com/national/india-news-development-unfulfilled-promises-to-decide-fate-of-candidates-in-tribal-bengal-news-329684
https://www.outlookindia.com/national/india-news-development-unfulfilled-promises-to-decide-fate-of-candidates-in-tribal-bengal-news-329684

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Assessment of nutritional status of the Sabars of West Bengal | 65

Lohman T. G., Roche A. E, Martorell R. (1988). Anthropometric Standardization
Reference Manual. Human Kinetics Books.

World Health Organization. (2020). WHO fact sheets for malnutrition. World Health
Organization.

Deurenberg P., Weststrate J. A., Seidell J. C. (1991). Body mass index as a measure of
body fatness: age- and sex-specific prediction formulas. Br ] Nutr, 65(2), 105-114.
https://doi.org/10.1079/BJN19910073

Heymsfield S. B., Wang Z. M., Withers R. T. (1996). Multicomponent molecular
level models of body composition. In A. F. Roche, S. B. Heymsfield, & T. G. Lohman
(Eds.), Human Body Composition (pp. 129-147). Human Kinetics.

Vanltallie T. B., Yang M. U,, Heymsfield S. B., Funk R. C., Boileau R. A. (1990).
Height-normalized indices of the body’s fat-free mass and fat mass: potentially
useful indicators of nutritional status. Am J Clin Nutr, 52(6), 953-959. https://doi.
org/10.1093/ajcn/52.6.953

National Nutrition Monitoring Bureau. (2009). Diet and nutritional status of tribal
population and prevalence of hypertension among adults. Report on second repeat
survey. NNMB Technical Report No. 25. National Institute of Nutrition.

Gopalan C,, Sastri B. V. R., Balasubramanian, S. C. (2007). Nutritive value of Indian
Foods. National Institute of Nutrition.

Bernstein M., Munoz N. (2012). Position of the Academy of Nutrition and Dietetics:
Food and nutrition for older adults: Promoting health and wellness. ] Acad Nutr
Diet, 112(8), 1255-1277. https://doi.org/10.1016/j.jand.2012.06.015

Jésus P., Guerchet M., Pilleron S., Fayemendy P, Maxime Mouanga A., Mbelesso
P, Preux P. M., Desport J. C. (2017). Undernutrition and obesity among elderly
people living in two cities of developing countries: Prevalence and associated fac-
tors in the EDAC study. Clin Nutr ESPEN, 21, 40-50. https://doi.org/10.1016/].
clnesp.2017.05.007

Poda G. G., Hsu C. Y,, Rau H. H., Chao J. C. (2019). Impact of socio-demographic
factors, lifestyle and health status on nutritional status among the elderly in Taiwan.
Nutr Res Pract, 13(3), 222-229. https://doi.org/10.4162/nrp.2019.13.3.222

Vijewardane S. C., Balasuriya A., Myint P. K., Johnstone A. M. (2022). Determinants
of undernutrition and associated factors of low muscle mass and high fat mass
among older men and women in the Colombo District of Sri Lanka. Geriatrics,
7(2), 26. https://doi.org/10.3390/geriatrics7020026

Boulos C., Salameh P, Barberger-Gateau P. (2016). The AMEL study, a cross-sec-
tional population-based survey on aging and malnutrition in 1200 elderly Lebanese

living in rural settings: Protocol and sample characteristics. BMC Public Health,
16, 138-143.


https://doi.org/10.1079/BJN19910073
https://doi.org/10.1093/ajcn/52.6.953
https://doi.org/10.1093/ajcn/52.6.953
https://doi.org/10.1016/j.jand.2012.06.015
https://doi.org/10.1016/j.clnesp.2017.05.007
https://doi.org/10.1016/j.clnesp.2017.05.007
https://doi.org/10.4162/nrp.2019.13.3.222
https://doi.org/10.3390/geriatrics7020026

66

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

| Kaustav Das, Souradip Basu et al.

Han'Y,, Li S., Zheng Y. (2009). Predictors of nutritional status among community-
dwelling older adults in Wuhan, China. Public Health Nutr, 12(8), 1189-1196.
https://doi.org/10.1017/S1368980008003686

Mokhber N., Majdi M., Ali-Abadi M., Shakeri M., Kimiagar M., Salek R.,
Moghaddam P. A,, Sakhdari A., Azimi-Nezhad M., Ghayour-Mobarhan M.,
Soluti S. (2011). Association between Malnutrition and Depression in Elderly
People in Razavi Khorasan: A Population Based-Study in Iran. Iranian ] Public
Health, 40(2), 67-74.

Ghimire S., Baral B. K., Callahan K. (2017). Nutritional assessment of community-
dwelling older adults in rural Nepal. PLoS One, 12(2), e0172052. https://doi.
org/10.1371/journal.pone.0172052

Ferdous T., Kabir Z. N., Wahlin A, Streatfield K., Cederholm T. (2009). The multi-
dimensional background of malnutrition among rural older individuals in Bangla-
desh - a challenge for the Millennium Development Goal. Public Health Nutr,
12(12), 2270-2278. https://doi.org/10.1017/5S1368980009005096

Krishnamoorthy Y., Vijayageetha M., Kumar S. G., Rajaa S., Rehman T. (2018).
Prevalence of malnutrition and its associated factors among elderly population in
rural Puducherry using mini-nutritional assessment questionnaire. ] Family Med
Prim Care, 7(6), 1429-1433. https://doi.org/10.4103/jfmpc.jfmpc_22_18

Buffa R., Succa V., Garau D., Marini E., Floris G. (2005). Variations of somatotype
in elderly Sardinians. Am ] Hum Biol, 17(4), 403-411. https://doi.org/10.1002/
ajhb.20141

Frenzel A., Binder H., Walter N., Wirkner K., Loeffler M., Loeffler-Wirth H. (2020).
The aging human body shape. NPJ Aging Mech Dis, 6, 5. https://doi.org/10.1038/
s41514-020-0043-9

St-Onge M. P,, Gallagher D. (2010). Body composition changes with aging: the
cause or the result of alterations in metabolic rate and macronutrient oxidation?
Nutrition, 26(2), 152-155. https://doi.org/10.1016/j.nut.2009.07.004

Campbell T. M., Vallis L. A. (2014). Predicting fat-free mass index and sarcopenia
in assisted-living older adults. Age (Dordr), 36(4), 9674. https://doi.org/10.1007/
s11357-014-9674-8
McIntosh E. I, Smale K. B, Vallis L. A. (2013). Predicting fat-free mass index and
sarcopenia: a pilot study in community-dwelling older adults. Age (Dordr), 35(6),
2423-2434. https://doi.org/10.1007/s11357-012-9505-8
DasS., Bose K. (2015). Adult tribal malnutrition in India: An anthropometric and
socio-demographic review. Anthropol Rev, 78(1), 47-65. https://doi.org/10.1515/
anre-2015-0004

Kshatriya G. K., Acharya S. K. (2016). Triple burden of obesity, undernutrition,
and cardiovascular disease risk among Indian tribes. PLoS One, 11(1), e0147934.
https://doi.org/10.1371/journal.pone.0147934


https://doi.org/10.1017/S1368980008003686
https://doi.org/10.1371/journal.pone.0172052
https://doi.org/10.1371/journal.pone.0172052
https://doi.org/10.1017/S1368980009005096
https://doi.org/10.4103/jfmpc.jfmpc_22_18
https://doi.org/10.1002/ajhb.20141
https://doi.org/10.1002/ajhb.20141
https://doi.org/10.1038/s41514-020-0043-9
https://doi.org/10.1038/s41514-020-0043-9
https://doi.org/10.1016/j.nut.2009.07.004
https://doi.org/10.1007/s11357-014-9674-8
https://doi.org/10.1007/s11357-014-9674-8
https://doi.org/10.1007/s11357-012-9505-8
https://doi.org/10.1515/anre-2015-0004
https://doi.org/10.1515/anre-2015-0004
https://doi.org/10.1371/journal.pone.0147934

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Assessment of nutritional status of the Sabars of West Bengal | 67

Biswas S., Hansda C. K., Singh N., Malla V. R., Pal A. K. (2022). Determinants of
nutritional status among scheduled tribe women in India. Clin Epidemiol Global
Health, 17, 101119. https://doi.org/10.1016/j.cegh.2022.101119

Arlappa N., Balakrishna N., Brahmam G. N, Vijayaraghavan K. (2005). Nutri-
tional status of the tribal elderly in India. ] Nutr Elder, 25(2), 23-39. https://doi.
org/10.1300/j052v25n02_03

Bose K., Chakraborty E, Bisai S., Khatun A., Bauri H. (2006). Body mass index
and nutritional status of adult Savar tribals of Keonjhar District, Orissa, India. Asia
Pac J Public Health, 18(3), 3-7. https://doi.org/10.1177/10105395060180030201

Chakrabarty S., Bharati P. (2010). Adult body dimension and determinants of
chronic energy deficiency among the Shabar tribe living in urban, rural and
forest habitats in Orissa, India. Ann Hum Biol, 37(2), 149-167. https://doi.
0rg/10.3109/03014460903234742

Bisai S., Bose K. (2012). Critical nutritional stress among adult tribal populations of
West Bengal and Orissa, India. Nat Prec. https://doi.org/10.1038/npre.2012.7068.2

Das S., Debsharma B., Bose K. (2013). Adiposity and health status among adult
male Mundas and Oraons of Paschim Medinipur, West Bengal, India. ] Anthropol.
https://doi.org/10.1155/2013/324264

Das S., Bose K. (2014). Anthropometric assessment of nutritional status of adult
Hill Kherias of Purulia district, West Bengal. In A. K. Sinha & K. Sharma (Eds.),
Human Ecology in an Era of Globalization and Urbanization: Anthropological
Dimension (pp. 381-390). New Delhi: Serials Publications PVT. Ltd.

Ghosh M., Bose K. (2015). Assessment of undernutrition among male Bhumijs
of West Bengal, India: A comparison of body mass index and mid-upper arm
circumference. Hum Biol Rev, 4(2), 140-149.

Ghosh S., Malik S. L. (2007). Sex differences in body size and shape among Santhals
of West Bengal. Anthropologist, 9(2), 143-149. https://doi.org/10.1080/09720073.2
007.11890992

Cheema A., Adeloye D., Sidhu S., Sridhar D., Chan K. Y. (2014). Urbanization

and prevalence of type 2 diabetes in Southern Asia: A systematic analysis. ] Glob
Health, 4(1), 010404. https://doi.org/10.7189/jogh.04.010404

Misra A., Khurana L. (2008). Obesity and the metabolic syndrome in developing
countries. J Clin Endocrinol Metab, 93, S9-S30. https://doi.org/10.1210/
jc.2008-1595

Bharali N., Mondal N., Singh K. N. (2017). Prevalence of undernutrition, over-
weight and obesity among Nyishi tribal women of Arunachal Pradesh, Northeast
India. Hum Biol Rev, 6(1), 63-78.

Gouda]J., Prusty R. K. (2014). Overweight and obesity among women by economic
stratum in urban India. ] Health Popul Nutr, 32(1), 79-88.


https://doi.org/10.1016/j.cegh.2022.101119
https://doi.org/10.1300/j052v25n02_03
https://doi.org/10.1300/j052v25n02_03
https://doi.org/10.1177/10105395060180030201
https://doi.org/10.3109/03014460903234742
https://doi.org/10.3109/03014460903234742
https://doi.org/10.1038/npre.2012.7068.2
https://doi.org/10.1155/2013/324264
https://doi.org/10.1080/09720073.2007.11890992
https://doi.org/10.1080/09720073.2007.11890992
https://doi.org/10.7189/jogh.04.010404
https://doi.org/10.1210/jc.2008-1595
https://doi.org/10.1210/jc.2008-1595

68 | Kaustav Das, Souradip Basu et al.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Venkatrao M., Nagarathna R., Majumdar V., Patil S. S., Rathi S., Nagendra H.
(2020). Prevalence of Obesity in India and Its Neurological Implications: A Multi-
factor Analysis of a Nationwide Cross-Sectional Study. Ann Neurosci, 27(3-4),
153-161. https://doi.org/10.1177/0972753120987465

Caso G., McNurlan M. A., Mileva I, Zemlyak A., Mynarcik D. C., Gelato M. C.
(2013). Peripheral fat loss and decline in adipogenesis in older humans. Meta-
bolism, 62(3), 337-340. https://doi.org/10.1016/j.metabol.2012.08.007

Schwartz R. S., Shuman W. P,, Bradbury V. L., Cain K. C., Fellingham G. W., Beard
J. C., Kahn S. E., Stratton J. R., Cerqueira M. D., Abrass I. B. (1990). Body fat
distribution in healthy young and older men. J Gerontol, 45(6), M181-M185.
https://doi.org/10.1093/geron;j/45.6.m181

Shimokata H., Tobin J. D., Muller D. C., Elahi D., Coon P. J., Andres R. (1989).
Studies in the distribution of body fat: I. Effects of age, sex, and obesity. ] Gerontol,
44(2), M66-M?73. https://doi.org/10.1093/geronj/44.2.m66

Alley D. E., Ferrucci L., Barbagallo M., Studenski S. A., Harris T. B. (2008). A
research agenda: the changing relationship between body weight and health in
aging. ] Gerontol A Biol Sci Med Sci, 63(11), 1257-1259. https://doi.org/10.1093/
gerona/63.11.1257

Macek P, Terek-Derszniak M., Biskup M., Krol H., Smok-Kalwat J., Gozdz S., Zak
M. (2020). Assessment of Age-Induced Changes in Body Fat Percentage and BMI
Aided by Bayesian Modelling: A Cross-Sectional Cohort Study in Middle-Aged
and Older Adults. Clin Interv Aging, 15,2301-2311. https://doi.org/10.2147/CIA.
S277171

JafariNasabian P, Inglis J. E., Reilly W,, Kelly O. J., Ilich J. Z. (2017). Aging human
body: changes in bone, muscle and body fat with consequent changes in nutrient
intake. ] Endocrinol, 234(1), R37-R51. https://doi.org/10.1530/JOE-16-0603

Atlantis E., Martin S. A., Haren M. T., Taylor A. W., Wittert G. A., Florey Adelaide
Male Aging Study (2008). Lifestyle factors associated with age-related differences
in body composition: the Florey Adelaide Male Aging Study. Am J Clin Nutr, 88(1),
95-104. https://doi.org/10.1093/ajcn/88.1.95

Kyle U. G., Genton L., Hans D., Karsegard L., Slosman D. O., Pichard C. (2001).
Age-related differences in fat-free mass, skeletal muscle, body cell mass and
fat mass between 18 and 94 years. Eur ] Clin Nutr, 55(8), 663-672. https://doi.
org/10.1038/sj.ejcn.1601198

Obisesan T. O., Aliyu M. H., Bond V., Adams R. G., Akomolafe A., Rotimi C. N.
(2005). Ethnic and age-related fat free mass loss in older Americans: the Third
National Health and Nutrition Examination Survey (NHANES III). BMC Public
Health, 5, 41. https://doi.org/10.1186/1471-2458-5-41


https://doi.org/10.1177/0972753120987465
https://doi.org/10.1016/j.metabol.2012.08.007
https://doi.org/10.1093/geronj/45.6.m181
https://doi.org/10.1093/geronj/44.2.m66
https://doi.org/10.1093/gerona/63.11.1257
https://doi.org/10.1093/gerona/63.11.1257
https://doi.org/10.2147/CIA.S277171
https://doi.org/10.2147/CIA.S277171
https://doi.org/10.1530/JOE-16-0603
https://doi.org/10.1093/ajcn/88.1.95
https://doi.org/10.1038/sj.ejcn.1601198
https://doi.org/10.1038/sj.ejcn.1601198
https://doi.org/10.1186/1471-2458-5-41

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Assessment of nutritional status of the Sabars of West Bengal | 69

Sonati J. G., Modeneze D. M., Vilarta R., Maciel E. S., Boccaletto E. M. (2011).
Body weight as an indicator of fat-free mass in active elderly women. Maturitas,
68(4), 378-381. https://doi.org/10.1016/j.maturitas.2011.01.007

Cruz-Jentoft A. J., Bahat G., Bauer J., Boirie Y, Bruyére O., Cederholm T., Cooper C.,
Landi E, Rolland Y., Sayer A. A., Schneider S. M., Sieber C. C., Topinkova E., Vande-
woude M., Visser M., Zamboni M., Writing Group for the European Working
Group on Sarcopenia in Older People 2 (EWGSOP2), and the Extended Group
for EWGSOP2 (2019). Sarcopenia: revised European consensus on definition and
diagnosis. Age ageing, 48(1), 16-31. https://doi.org/10.1093/ageing/afy169

Rosenberg I. H. (2011). Sarcopenia: Origins and clinical relevance. Clin Geriatr
Med, 27(3), 337-339. https://doi.org/10.1016/j.cger.2011.03.003

Castillo E. M., Goodman-Gruen D., Kritz-Silverstein D., Morton D. ],
Wingard D. L., Barrett-Connor E. (2003). Sarcopenia in elderly men and
women: the Rancho Bernardo study. Am ] Prev Med, 25(3), 226-231. https://doi.
org/10.1016/50749-3797(03)00197-1

Kim S. M., Rifkin S., John S. M., Jacob K. S. (2013). Nature, prevalence, and risk
factors of alcohol use in an urban slum in southern India. Natl Med ] India, 26,
203-209.

Kwon Y. ], Lim H.J., Lee Y. ], Lee H. S., Linton J. A., Lee J. W,, Kang H. T. (2017).
Associations between high-risk alcohol consumption and sarcopenia among
postmenopausal women. Menopause, 24(9), 1022-1027. https://doi.org/10.1097/
GME.0000000000000879

Lau E. M., Lynn H. S., Woo J. W,, Kwok T. C., Melton L. J., 3rd (2005). Prevalence
of and risk factors for sarcopenia in elderly Chinese men and women. ] Gerontol
A Biol Sci Med Sci, 60(2), 213-216. https://doi.org/10.1093/gerona/60.2.213

Yoo J.I,Ha Y. C, Lee Y. K., Hana-Choi, Yoo M. J., Koo K. H. (2017). High preva-

lence of sarcopenia among binge drinking elderly women: a nationwide population-
based study. BMC geriatr, 17(1), 114. https://doi.org/10.1186/s12877-017-0507-3

Boffetta P, Garfinkel L. (1990). Alcohol drinking and mortality among men
enrolled in an American Cancer Society prospective study. Epidemiology, 1(5),
342-348. https://doi.org/10.1097/00001648-199009000-00003

Kannel W. B,, Ellison R. C. (1996). Alcohol and coronary heart disease: The
evidence for a protective effect. Clin Chim Acta, 246(1-2), 59-76. https://doi.
org/10.1016/0009-8981(96)06227-4

Steffl M., Bohannon R. W, Petr M., Kohlikova E., Holmerova I. (2016). Alcohol
consumption as a risk factor for sarcopenia — a meta-analysis. BMC geriatr, 16,
99. https://doi.org/10.1186/s12877-016-0270-x

Sen Gupta P. N. (1980). Food consumption and nutrition of regional tribes of India.
Ecol Food Nutr, 9(2), 93-108. https://doi.org/10.1080/03670244.1980.9990587


https://doi.org/10.1016/j.maturitas.2011.01.007
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.cger.2011.03.003
https://doi.org/10.1016/s0749-3797(03)00197-1
https://doi.org/10.1016/s0749-3797(03)00197-1
https://doi.org/10.1097/GME.0000000000000879
https://doi.org/10.1097/GME.0000000000000879
https://doi.org/10.1093/gerona/60.2.213
https://doi.org/10.1186/s12877-017-0507-3
https://doi.org/10.1097/00001648-199009000-00003
https://doi.org/10.1016/0009-8981(96)06227-4
https://doi.org/10.1016/0009-8981(96)06227-4
https://doi.org/10.1186/s12877-016-0270-x
https://doi.org/10.1080/03670244.1980.9990587

70 | Kaustav Das, Souradip Basu et al.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Basu A., Mukhopadhyay S., Majumdar P. P,, Roy S. K., Mukhopadhyay B.,
Bharati P, Gupta R. (1987). Food practices in contrasting populations: An anthro-
pological study of Sherpas, Lepchas, Oraons and Mahishyas of West Bengal. Soc
Sci Inf, 26(4), 847-868. https://doi.org/10.1177/053901887026004007

National Research Council (US) Committee on Diet and Health. (1989). Diet and
Health: Implications for Reducing Chronic Disease Risk. National Academies Press
(US).

Basolo A., Bechi Genzano S., Piaggi P., Krakoff J., Santini F. (2021). Energy
Balance and Control of Body Weight: Possible Effects of Meal Timing and Cir-
cadian Rhythm Dysregulation. Nutrients, 13(9), 3276. https://doi.org/10.3390/
nul3093276

Lihrmann P. M., Herbert B. M., Neuhauser-Berthold M. (2001). Effects of fat mass
and body fat distribution on resting metabolic rate in the elderly. Metabolism,
50(8), 972-975. https://doi.org/10.1053/meta.2001.24871

Neuhduser-Berthold M., Herbert B. M., Lihrmann P. M., Siiltemeier A. A., Blum
W.E, Frey J., Hebebrand J. (2000). Resting metabolic rate, body composition, and
serum leptin concentrations in a free-living elderly population. Eur ] Endocrinol,
142(5), 486-492. https://doi.org/10.1530/eje.0.1420486

Krems C., Lihrmann P. M., Strassburg A., Hartmann B., Neuhéuser-Berthold M.
(2005). Lower resting metabolic rate in the elderly may not be entirely due to
changes in body composition. Eur J Clin Nutr, 59(2), 255-262. https://doi.
org/10.1038/sj.ejcn. 1602066

Lihrmann P. M., Edelmann-Schafer B., Neuhauser-Berthold M. (2010). Changes
in resting metabolic rate in an elderly German population: Cross-sectional and
longitudinal data. ] Nutr Health Aging, 14, 232-236. https://doi.org/10.1007/
s12603-010-0055-4

Saxena A., Amin A., Mohan S. B., Mohan P. (2021). Food Insecurity in Tribal
High Migration Communities in Rajasthan, India. Food Nutr Bull, 41(4), 513-518.
https://doi.org/10.1177/0379572120967163

Blundell J., Rogers P, Hill A. (1987). Evaluating the satiating power of foods: Impli-
cations for acceptance and consumption. In J. Colms, D. A. Booth, R. M. Pangborn,
& O. Raunhardt (Eds.), Food Acceptance and Nutrition (pp. 205-219). London:
Academic Press.

Amin T., Mercer J. G. (2016). Hunger and satiety mechanisms and their potential
exploitation in the regulation of food intake. Curr Obes Rep, 5(1), 106-112. https://
doi.org/10.1007/s13679-015-0184-5

Carreiro A. L., Dhillon J., Gordon S., Higgins K. A., Jacobs A. G., McArthur B. M.,
Redan B. W, Rivera R. L., Schmidt L. R., Mattes R. D. (2016). The Macronutrients,
Appetite, and Energy Intake. Annu Rev Nutr, 36, 73-103. https://doi.org/10.1146/
annurev-nutr-121415-112624


https://doi.org/10.1177/053901887026004007
https://doi.org/10.3390/nu13093276
https://doi.org/10.3390/nu13093276
https://doi.org/10.1053/meta.2001.24871
https://doi.org/10.1530/eje.0.1420486
https://doi.org/10.1038/sj.ejcn.1602066
https://doi.org/10.1038/sj.ejcn.1602066
https://doi.org/10.1007/s12603-010-0055-4
https://doi.org/10.1007/s12603-010-0055-4
https://doi.org/10.1177/0379572120967163
https://doi.org/10.1007/s13679-015-0184-5
https://doi.org/10.1007/s13679-015-0184-5
https://doi.org/10.1146/annurev-nutr-121415-112624
https://doi.org/10.1146/annurev-nutr-121415-112624

Assessment of nutritional status of the Sabars of West Bengal | 71

140. Chambers L., McCrickerd K., Yeomans M. R. (2015). Optimizing foods for satiety.
Trends Food Sci Technol, 41(2), 149-160. https://doi.org/10.1016/j.tifs.2014.10.007

141. Forde C. G. (2018). Measuring satiation and satiety. In A. Gaston, P. Varela (Eds.),
Methods in Consumer Research: Alternative Approaches and Special Applications
(Vol. 2, pp. 152-172). Duxford, United Kingdom: Woodhead Publishing.

142. Pesta D. H., Samuel V. T. (2014). A high-protein diet for reducing body
fat: Mechanisms and possible caveats. Nutr Metab, 11(1), 53. https://doi.
org/10.1186/1743-7075-11-53

143. Soenen S., Westerterp-Plantenga M. S. (2008). Proteins and satiety: Implications
for weight management. Curr Opin Clin Nutr Metab Care, 11(6), 747-751. https://
doi.org/10.1097/MCO.0b013e328311a8c4

Adderess for correspondence:

Koel Mukherjee

Physical Anthropology Division, Anthropological Survey of India,
North East Regional Centre, Shillong 793024, India.

E mail: koelanthro@gmail.com


https://doi.org/10.1016/j.tifs.2014.10.007
https://doi.org/10.1186/1743-7075-11-53
https://doi.org/10.1186/1743-7075-11-53
https://doi.org/10.1097/MCO.0b013e328311a8c4
https://doi.org/10.1097/MCO.0b013e328311a8c4
mailto:koelanthro@gmail.com



