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ABSTRACT

Aim: This study aims to evaluate the nutritional status and socio-demographic factors affecting college
students in Bankura, West Bengal, India.

Methods: A cross-sectional study was conducted with 220 college students selected through simple
random sampling with proportional allocation. Nutritional status was assessed using World Health
Organization cutoff points for underweight and overweight. Statistical analyses included Student’s t-test,
ANOVA for continuous variables and chi-square for categorical data with significance set at p<0.05.
Further analysis applied Dunnett's post hoc test for specific group comparisons.

Results: Among students aged 18-22, 27.3% were underweight and 10.9% were overweight. Binary
logistic regression revealed that per capita income was significantly associated with chronic energy
deficiency. The model showed significance underscoring a double burden of malnutrition linked to socio-
demographic factors.

Conclusion: The study highlights a high prevalence of underweight and overweight status among
college students with socio-demographic factors. Family income has a significant role in chronic energy
deficiency. This study underscores the need for targeted nutritional interventions in this population.
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Introduction

The coexistence of undernutrition alongside
overnutrition across various levels, from individual to
international, is referred to as the double burden of
malnutrition (DBM). This contemporary public health
challenge arises from the consequences of nutritional
transition (1). Addressing malnutrition in all its forms
is a primary objective outlined in the UN Decade of
Action on Nutrition (2). Globally, approximately 462
million adults are underweight while more than 1.9
billion adults aged 18 and above are overweight or
obese (3). Overnutrition, characterized by dietary
excess leading to issues such as overweight, obesity,
and non-communicable diseases (NCDs), and
undernutrition, marked by deficiencies in energy and
micronutrients resulting in conditions like stunting,
wasting, and anemia, have traditionally been viewed
as separate concerns. Undernutrition remains a
significant cause of ill health and premature mortality
among children and adolescents in developing
countries (4,5). Malnutrition burdens a substantial
portion of this nation's population, particularly
affecting its youngest members. The trend aligns with
observations in other developing countries (6).

However, the emerging concept of the DBM,
recognized by the WHO in 2017, highlights the reality
that overnutrition and undernutrition often coexist
within individuals, households and populations due to
shared underlying drivers (7). The distribution of
DBM varies significantly across different national
contexts and socioeconomic strata, although this
diversity has not been exhaustively investigated. For
instance, low- and middle-income countries (LMICs)
within the lowest-income quartile are more prone to
experiencing population-level DBM compared to
those in the middle- and high-income quartiles.
Household-level DBM is the least prevalent in LMICs
with both the lowest and highest levels of gross
domestic product (8).

Through the Sustainable Development Goals, the
global community aims to reduce malnutrition in all
forms, including overweight and obesity, by 2030.
However, achieving this goal in the next few years is
highly unlikely due to slow progress in 2018, 2.01
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billion adults were overweight and obese globally
(9,20). Addressing the Double Burden of Malnutrition
(DBM) is a crucial focus for intervention and action
aimed at achieving the goal of eradicating all
appearances of malnutrition (11). Generally,
according to several studies conducted in global
countries, the prevalence of DBM ranged from 5.6%
to 49.8% (12-16). As economic prosperity flourishes
across various regions such as China, India, Pakistan,
and Indonesia, there's a concomitant increase in the
prevalence of overweight and obesity. Notably, these
countries are among the top 10 globally with the
highest populations grappling with obesity (17).

The economic and medical consequences of DBM
in the Asia-Pacific countries are significant.
Malnutrition has resulted in marked losses in gross
national product for Asian countries (18).
Simultaneously, the negative impact of the increasing
prevalence of obesity is also rising (19). Urbanization,
poorly managed diet and lifestyle, obesity and related
NCDs have escalated. The risks of adverse health
outcomes, including serious cardiometabolic diseases
and certain types of cancers are increasing (3).
Reducing the Double Burden of Malnutrition (DBM)
is a critical aspect of improving health outcomes in the
Asia-Pacific region. This study aims to evaluate the
nutritional status, socio-demographic characteristics
and related influencing factors among college students
in Bankura, West Bengal, India.

Methods

The study was approved by the Institutional
Research Ethics Committee of Bankura University on
24 August 2023 based on a meeting held on 16 August
2024. Potential participants were provided with a
comprehensive explanation of the study's significance,
and only those students who provided written consent
were enrolled in the study. Measures were taken to
ensure the absolute preservation of participants'
anonymity throughout the study process.

A community-based cross-sectional study was
conducted from November 2023 to January 2024
among 220 college students aged 18-22 years residing
in the Bankura district and its surrounding areas.
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Inclusion  criteria
competent, emotionally stable, and physically healthy

encompassed  mentally
young adult college students within the specified age
range. Participants with prevalent health conditions
such as diabetes, hypertension, or chronic infectious
diseases were excluded from the study.

The minimal estimated sample size was calculated
using the standard formula: n=(z?pg)/d?>. The
calculation {(1.962x0.162x0.838)/ (0.082)} was based
on 16.2 % of prevalence (P) of underweight at the age
of 18-25 years according to the recent report of the
fifth National Family Health Study (NFHS-5)
conducted during 2019-2021 in India, where z=1.96,
g=p-1 and the desired precision (d) was +5 (20). Thus,
the estimated sample size was 208 with a dropout rate
of 5% was 2109.

Anthropometric measurements were meticulously
performed by trained professionals using standardized
techniques (21). Height was measured in centimeters
using Martin’s anthropometric rod with precision to
the nearest 0.10 cm. Participants stood erect on a flat
surface, ensuring their heads were positioned in the
Frankfort horizontal plane. Weight was recorded in
kilograms while participants stood motionless on a
digital body composition monitor manufactured by
Omron. Waist circumference (WC) was measured in
centimeters at the midpoint between the iliac crest and
the lower margin of the ribs. Participants maintained a
standing position with their feet together during this
measurement. Hip circumference (HC) was measured
in centimeters at the highest point of the buttocks, with
participants wearing minimal clothing (22). Both WC
and HC were assessed using a non-stretchable
measuring tape without applying compression to the
skin. Errors in measurements were diligently
monitored to ensure adherence to acceptable limits
(23). Anthropometric indices such as waist-to-hip ratio
(WHR), waist-to-height ratio (WHtR), percentage of
body fat (PBF), conicity index (Cindex), total body
water (TBW), fat mass (FM), fat-free mass (FFM), fat
mass index (FMI), fat-free mass index (FFMI), body
adiposity index (BAI) and a body surface index
(ABSI) were calculated using standard formulas are
shown in Table 1 (24-32).

Table 1. Anthropometric indices used in the study

Formula References

BMI  Weight (kg)/Height? (m) Park 2005
(24)

WHR  Waist circumference (cm)/Hip WHO 2008
circumference (cm) (25)

WHtR Waist circumference (cm)/Height Peng et al.

(cm) 2015 (26)

PBF  1.20xBMI (kg/m?) + 0.23xage Deurenberg et

(years) - 10.8xsex [Female=0, al. 1991 (27)
Male=1] - 5.4

Clndex WC (cm)/ [0.109xV {Weight Valdez et al.
(kg)/Height (m)}] 1993 (28)

TBW  For Male = 2.447- (0.09156xAge Ghosh et al.
in year) + (0.1074xHeight in cm) 2018 (29)

+ (0.3362xBody Weight in kg).

For Female = -2.097 +

(0.1069xheight in cm) +

(0.2466xweight in kg)

FM PBF/100xBody Weight (kg) Kyle et al.
2004 (30)
FFM  Body Weight (kg) - Fat Mass (kg) Kyle et al.
2004 (30)
FMI  FM/ Height?(m) Ranasinghe at
al. 2015 (31)
FFMI  FFM/(Height?(m) Ranasinghe at
al. 2015 (31)
BAI [{Hip circumference (m)}/ Bergman et

{Height (m) x VHeight (m)}] — 18 al. 2011 (32)
ABSI  WC/ (BMI¥3xHY?) Krakauer et
al. 2012 (33)

BMI- Body Mass Index, WHR- Waist to Hip Ratio, WHtR-Waist to
Height Ratio, PBF- Percentage of Body Fat, Cindex- Conicity
Index, TBW- Total Body Water, FM- Fat Mass, FFM- Fat Free
Mass, FMI- Fat Mass Index, FFMI- Fat Free Mass Index, BAI-
Body Adiposity Index, ABSI- A Body Shape Index

Nutritional  status was evaluated using
internationally accepted World Health Organization
BMI (kg/m?) guidelines (33). The following cut-off
points were used: Chronic energy deficiency
(CED)/Underweight: BM1<18.4; Normal: BMI1=18.5 -
24.9; Overweight: BMI>25.0.

The process of sample selection and the
development of meticulously crafted questionnaires
played a crucial role in this research endeavor. These
aspects not only elucidated the entire methodology but
also significantly influenced the responses obtained.
The evaluation of socioeconomic status (SES) was
using the revised Kuppuswamy
socioeconomic status scale (34). The authors devoted
careful attention to the creation of a standardized
guestionnaire, strategically designed to hold direct

conducted

relevance and significance within the societal context.
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Selected respondents actively participated in
interviews, during which data were collected regarding
various socioeconomic circumstances of the college
students.

IBM SPSS Statistics 25 (2017, IBM Corporation,
USA) was used for the statistical analysis. The
anthropometric measurements were calculated for
gender- and age-group-specific (18, 19, 20, >20 years)
means and standard deviations of 220 college students.
Continuous variables were analyzed using Student’s t-
test or analysis of variance (ANOVA) while
applicable, and the chi-square test was used to analyze
categorical variables. If the F value was significant
(p<0.05), Dunnet’s post hoc test was performed to
determine the differences between the pairs of means.
Statistical results were considered to be significant
at p<0.05. The correlation coefficient was calculated
to examine correlations between intra-parameters of
anthropometric and sociodemographic measurements
and the correlation matrix was developed using the
“corrplot” package of R software (version 3.1.4). The
empirical curve was developed with MINITAB 21
(2020, Minitab LLC, USA) statistical software.

Bibliometric analysis was used to do a literature
review on the double burden of malnutrition using the
Scopus database. The search strategy algorithms were
TITLE-ABS-KEY (double-burden-of-malnutrition)
AND (EXCLUDE (PUBYEAR, 2024)) AND
(LIMIT-TO (DOCTYPE, “ar”)) AND (LIMIT-TO
(PUBSTAGE,  “final”)) AND  (LIMIT-TO
(SRCTYPE, “j”)) AND (LIMIT-TO (LANGUAGE,
“English”)).

Results

The mean weight and height of the study group
were 53.06£11.12 kg and 159.54+8.61 cm,
respectively. The mean BMI of the studied group was
20.74+3.79 kg/m?. WC and HC were 73.03+9.55 cm,
and 87.97+7.30 cm respectively. WHR and Clndex
were 0.89+0.06 and 1.16+0.10, respectively. WHtR
was 0.82+0.06. PBF, TBW, and BAI were 19.08+6.30,
31.73+6.82 liter, and 25.77+0.10 respectively. FM,
FFM, FMI, FFMI, and ABSI were 10.22+4.51 kg,
42.84+9.19 kg, 4.08+1.95, 16.66+2.29, and 0.07+0.00,
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respectively (Table 2).

Table 2. Descriptive statistics of the socio-demographic-
economic and anthropometric
Parameters Mean+SD 95% ClI

Age (years) 20.00+1.07 19.86-20.14
Family Monthly 15618.02+21224.87 12797.77-18438.28

Income (Rs.)

Per Capita 3749.91+5884.08  2968.06-4531.76
Income (Rs.)

Height (cm) 159.54+8.61 158.40-160.69
Weight (kg) 53.06+11.12 51.58-54.54
BMI (kg/m?) 20.74+3.49 20.28-21.21
WC (cm) 73.03+9.55 71.76-74.30
HC (cm) 87.97+7.30 87.00-88.94
WHR 0.89+0.06 0.82-0.84
WHtR 0.82+0.06 0.82-0.83
PBF (%) 19.08+6.30 18.24-19.93
Cindex 1.16+0.10 1.15-1.18
BAI 25.77+0.10 25.24-26.31
FM (kg) 10.22+4.51 9.62-10.82
FFM (kg) 42.84+9.19 41.62-44.05
TBW (lit) 31.7346.82 30.82-32.64
FMI (kg/m?) 4.08+1.95 3.82-4.33
FFMI (kg/m?) 16.66+2.29 16.36-16.97
ABSI 0.07+0.00 0.07-0.07

BMI- Body Mass Index, WHR- Waist to Hip Ratio, WHtR-Waist to
Height Ratio, PBF- Percentage of Body Fat, Cindex- Conicity
Index, TBW- Total Body Water, FM- Fat Mass, FFM- Fat Free
Mass, FMI- Fat Mass Index, FFMI- Fat Free Mass Index, BAI-
Body Adiposity Index, ABSI- A Body Shape Index

Anthropometric parameters were significantly
correlated with the sociodemographic parameters. A
weak positive correlation was found between Per
Capita Income (PCI) and BMI (r=0.153; p<0.05) and
SES and BMI (r=0.201; p<0.01). FM was also
correlated with SES (r=0.230; p<0.01). The
correlation matrix is shown in Fig. 1.
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increasing age in both males and females but
significance was noted among only the females. Age

Figure 1. Correlation matrix of anthropometric indices with

sociodemographic parameters.
BMI- Body Mass Index, WHR- Waist to Hip Ratio, WHtR-Waist to Height

difference in the ABSI (F=3.155; p<0.05) was found
only in females. Additionally, the PBF (F=2.973;

Ratio, PBF- Percentage of Body Fat, Cindex- Conicity Index, TBW- Total

Body Water, FM- Fat Mass, FFM- Fat Free Mass, FMI- Fat Mass Index,

FFMI-

Shape Index, PCI- Per Capita Income, SES- Socioeconomic Status

p<0.05) and ABSI (F=3.155; p<0.05) for males were
significantly lower compared to females. Age
differences were noted among all the anthropometric
indices except WHR and ABSI.

Fat Free Mass Index, BAI- Body Adiposity Index, ABSI- A Body

Table 3. Effect of age and gender on the anthropometric parameters of college students

Male Female
18 years 19 years 20 years >20 years Age F 18 years 19 years 20 years  >20 years Age F
combined combined

N 21 27 35 19 102 24 36 35 23 118

Height 169.94+4.96° 163.46+6.74° 166.02+6.35° 166.36+4.73° 166.21+6.25° 4.718** 154.08+5.18 153.97+6.75 153.86+5.65 153.08+4.99 153.79+5.74 0.149
Weight 61.17+9.93° 56.56+10.85" 58.80+10.30° 60.53+10.85° 59.01+10.47° 0.928 44.77+8.52 48.32+10.54 48.35+6.88 49.96+9.02 47.93+8.91 1.467
BMI 21.15+3.15* 21.07£3.35 21.26+3.03 21.79+3.35 21.29+3.16* 0.210 18.85+3.40 20.33+3.99 20.44+2.82 21.45+4.45 20.28+3.71 2.028
wC 74.33+8.06 73.65+9.22 74.13+8.73 77.53+8.83 74.68+8.73° 0.852 72.13+10.01 71.88+10.41 70.76+8.69 71.97+11.79 71.62+10.03 0.120
HC 91.5745.90 88.74+6.84 89.97+6.19° 91.08+6.52 90.18+6.36° 0.932 84.91+6.59 86.25+8.43 86.30+7.15 86.59+7.94 86.06+7.54 0.238
WHR  0.81+0.05° 0.83+0.06 0.82+0.06  0.85+0.05 0.83+0.06 1.797 0.85+0.07 0.83+0.07 0.82+0.06 0.83+0.08 0.83+0.07 0.830
WHtR  0.44+0.05 0.45+0.06 0.45+0.05 0.47+0.05 0.45+0.05> 1.157 0.47+0.06 0.47+0.07 0.46x0.06 0.47+0.08 0.47+0.07 0.138
PBF 13.44+3.79° 13.56+4.01° 14.01+3.64° 14.92+3.99° 13.94+3.81° 0.620 21.51+4.09 23.46+4.81 23.85+3.41 25.29+5.32 23.54+4.51 2.973*
Cindex 1.14+0.06> 1.15+0.07 1.14+0.07 1.18+0.06 1.15+0.07° 1.631 1.23#0.12 1.18+0.13 1.16+0.10 1.16+0.13! 1.18+0.12 2.206
BAI 23.37+2.88° 24.50+3.06° 24.10+2.77° 24.444252Y 24.12+2.82° 0.726 26.48+4.03 27.21+4.42 27.30+4.18 27.83+4.97 27.21+4.35 0.376
FM 8.56+3.65 8.05+3.88° 8.57+3.68° 9.42+4.06® 8.59+3.77° 0.487 9.95+4.06 11.7945.61 11.73+3.22 13.0745.11 11.64+4.64 1.849
FFM  52.61+6.45° 48.51+7.27° 50.23+6.84° 51.11+6.96° 50.43+6.95° 1.465 34.83+4.62 36.54+5.38 36.62+3.91 36.89+4.12 36.28+4.59 1.041
TBW  39.37+3.66° 37.14+4.12° 38.15+3.97¢ 38.40+4.03° 38.18+3.98° 1.274 25.41+2.33 26.28+2.99 26.27+1.98 26.59+2.15 26.16+2.43 1.046
FMI 2.96+1.24°  2.99+1.42° 3.09+1.25° 3.38+1.41° 3.09+1.31° 0.423 4.19+1.68 4.95+2.31 4.97+1.41 5.65+2.37 4.94+2.00 2.160
FFMI  18.20+1.91¢ 18.09+1.95° 18.17+1.79° 18.41+1.96° 18.20+1.86° 0.116 14.66+1.74 15.37+1.74 15.474+1.43 15.80+2.10 15.34+1.75 1.842
ABSI 0.075+ 0.004 0.076+0.004 0.075+0.004 0.076+0.004* 0.075+0.004 1.309 0.083+0.009 0.078+0.008 0.076+0.006 0.076+0.009 0.078+0.008 3.155*

Level of significance in Sexual dimorphism as a (p<0.05); b (p<0.01); ¢ (p<0.001) and age difference as *p<0.05; **p<0.01; ANOVA (F value) followed
by Dunnett post hoc test significance level #p<0.001;BMI- Body Mass Index, WHR- Waist to Hip Ratio, WHtR-Waist to Height Ratio, PBF- Percentage of
Body Fat, Cindex- Conicity Index, TBW- Total Body Water, FM- Fat Mass, FFM- Fat Free Mass, FMI- Fat Mass Index, FFMI- Fat Free Mass Index, BAI-
Body Adiposity Index, ABSI- A Body Shape Index
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The analysis revealed a discernible correlation
between sociodemographic and economic indices and
the BMI among the participants under study, as
depicted in Fig. 2. Among the studied population, the
majority of them (156 that is 70.91%) belong to a
lower socioeconomic group (Group V) and the rest (64
that is 29.09%) belong to the middle socio-economic
group (Group IV) according to revised Kuppuswamy’s
socio-economic status. In the case of PCI majority of
the students (167 that is 75.91%) belong to PCI>Rs.
1001.00 and the rest (53 which is 24.09%) belong to

PCI<Rs. 1001.00. Notably, individuals classified as
underweight accounted for a higher proportion
(31.41%) within the lower SES category (y>= 5.63;
p>0.05). Furthermore, a substantial portion (43.40%)
of students falling under the lower PCI category (<Rs.
1001.00) were identified as underweight (x>=9.75;
p<0.01). Additionally, the mean BMI values for males,
females, and both sexes combined were calculated as
21.23+3.16 kg/m?, 20.28+3.72 kg/m?, and 20.75+3.75
kg/m? respectively.

0/6.28 A

0/6.28

B 0/6.28 C

Age (Years)

4.71 1.57 4.71 1.57 4.71 1.57
3.14 3.14
Bubble Plot of BMI vs Age D Empirical CDF of BMI E
Bubble size: SES
Female 100
35 Male
80
F
~ 30 ’ PCI
o~ & d ; <Rs. 1001.00
g & 60 il & >=Rs. 1001.00
2 g : .
= 25 < Mean StDev N
=l < 40 1942 3018 53
=S = 2117 3541 167
20 i
15 0
18 1 20 2 22 10 15 20 25 30 35

BMI (kg/m2)

Figure 2. Effect of demographic and socioeconomic indices on BMI of the college students. Circular Descriptives Plots of
the BMI (kg/m?) for (A) Female, (B) Male, (C) Sex combined. Bubble plot of BMI (kg/m?) and Age (years) (D) and Empirical

CDF of BMI in different PCls (E).

The study delved into exploring the ramifications
of PCI on a spectrum of anthropometric indices,
elucidating noteworthy correlations between income
levels and metrics. These findings eloquently under-
score the profound impact of economic determinants
on physical health indicators. Moreover, the study
observed a discernible disparity in PCI concerning
various anthropometric parameters (Fig 3). For
instance, among individuals with PCI less than Rs.
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1001.00, WHR and CIndex were notably higher in
females (p<0.01), while in males, BMI exhibited a
higher propensity (p<0.01) among those with PCI
equal to or greater than Rs. 1001.00. These findings
accentuate the nuanced interplay between economic
status and physical health metrics, manifesting in
gender-specific variations within different income
brackets.
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Figure 3. Effect of PCI on the anthropometric parameters of male and female college students. It denotes the mean+SD of
different anthropometric and sociodemographic parameters with gender.

Analysis of the dataset unveiled a substantial
correlation between socio-demographic-economic
conditions and nutritional status, as depicted in Figure
4. Notably, a significant age-specific association with
DBM was identified (x?=9.530; p<0.05). Among the
students, those aged 19 years exhibited a higher
prevalence of DBM, accounting for 43.66% compared
to other age groups, while 20-year-old students
appeared to be at a lower risk. Furthermore, female
students demonstrated a higher prevalence of DBM at
41.53%. Interestingly, DBM was found to be more
prevalent among individuals belonging to lower PCI
(<Rs. 1001.00) and lower SES groups, constituting
49.06% and 40.38% respectively. However, no
statistically significant associations were observed
between DBM and gender, PCI, or SES.

Discussion

In this study, anthropometric parameters and
sociodemographic ~ factors  were  significantly
correlated. The weak positive correlation between
BMI and both PCI and SES suggests that individuals
with higher income or socioeconomic status may have
a slightly higher BMI. This study aligns with McLaren
(35), who found that higher socioeconomic status is
linked to higher BMI because of better access to
resources like healthy food and physical activity
options. The correlation between FM and
socioeconomic status further supports the notion that
factors may influence body
composition. This finding is consistent with previous
research indicating that individuals with lower

socioeconomic

socioeconomic status may face barriers to maintaining
a healthy weight due to factors such as limited access
to nutritious foods, higher stress levels, and fewer
opportunities for physical activity (36).
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Figure 4. Effect of socio-demographic-economic condition on nutritional status

The findings of the statistical analyses conducted
in this study shed light on notable sex-related
distinctions and  age-related  differences in
anthropometric parameters. These results provide
valuable insights into how gender and age can
influence various aspects of body composition. The
observed significant difference in average height
between males and females is consistent with well-
established biological differences. On average, males
tend to be taller than females due to genetic and
hormonal factors (37). This finding validates existing
literature on sexual dimorphism in human stature. The
lower PBF and ABSI values observed in males
compared to females align with known differences in
body composition between genders. Males typically
have lower percentages of body fat and different fat
distribution patterns compared to females, which can
be attributed to hormonal and physiological
differences (38). The significant differences observed
in BMI, WHR, and Cindex between males and females
aged 18 years suggest age-related variations in body
composition within each gender. These findings may
reflect differences in growth patterns, hormonal
changes, or lifestyle factors between males and
females during adolescence (39).
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The study revealed a significant correlation
between SES and BMI, with individuals classified as
underweight being more prevalent in lower SES
categories. Similar findings have been reported in
previous emphasizing the impact of
socioeconomic factors on nutritional status and body
composition (40). These results highlight the
importance of addressing socioeconomic inequalities
in health promotion efforts to improve overall well-
being. Significant correlations were observed between
PCI and various anthropometric parameters, indicating
the profound influence of economic determinants on
physical health indicators. The substantial portion of
underweight individuals among those with lower PCI
levels highlights the association between poverty and
malnutrition, a well-documented phenomenon in
public health literature (41). Additionally, disparities
in anthropometric parameters such as WHR and
Clindex based on PCI levels further emphasize the
nuanced interplay between economic status and body
composition. Employing binary logistic regression,
the study demonstrated a robust association between
PCI and CED, indicating that lower income levels are
associated with a higher risk of nutritional
deficiencies.

research,
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This finding is consistent with previous research
highlighting the socioeconomic gradient in health
outcomes, including nutritional status and food
insecurity (42). The findings of this study underscore
the importance of addressing socioeconomic
disparities in health promotion strategies and policy
interventions. Targeted efforts aimed at improving
access to nutritious food, education, and employment
opportunities are crucial for mitigating the adverse
effects of poverty on health outcomes (43). Future
research should continue to explore the mechanisms
underlying the relationship between socioeconomic
factors and anthropometric indices to inform more
effective interventions and policies. Results shed light
on the complex interplay between various factors
influencing DBM and underscore the importance of
addressing socio-economic determinants of nutritional
status. Individuals belonging to PCI and lower SES
groups were found to have a higher prevalence of
DBM. Specifically, 49.06% of individuals with PCI
less than Rs. 1001.00 and 40.38% of those in the lower
SES group engaged in DBM (44). These findings
underscore the influence of socioeconomic factors on
dietary behaviors and nutritional status. Limited

access to nutritious foods, financial constraints, and
environmental factors associated with lower
socioeconomic status may contribute to unhealthy
dietary patterns and DBM. A significant age-specific
association with DBM was identified, with individuals
aged 19 years exhibiting a higher prevalence compared
to other age groups (p<0.05). Specifically, 43.66% of
19-year-old students were found to engage in DBM,
while 20-year-old students appeared to be at a lower
risk. This observation aligns with previous research
indicating that dietary habits may vary across different
stages of adolescence and young adulthood (45).
Different studies throughout different zones of India
also validate our findings. The highest prevalence of
underweight (46.52%) was reported from the Panvel
district of Maharashtra and the lowest (6%) from
Chandigarh (46,47). Similarly, the highest prevalence
of overweight/obesity (29%) was reported from
Punjab and the lowest (4.43%) from Nagpur (48,49).
The present study revealed that among the college
students of the Bankura district of West Bengal,
27.27% and 10.91% are underweight and
overweight/obese respectively. The results from

different studies are summarised in Table 4 (48-60).

Table 4. Zone wise prevalence of underweight and overweight/obesity of India

Zone State Place Age (years) Underweight  Overweight/ References
Obesity

Northern  Punjab Sgrdimsar 17-19 18 29 Kaur et al. 2015 (49)
Punjab Chandigarh  18-24 6 15 Naveen et al. 2021 (47)
Delhi Delhi 18-21 13.7 11.7 Chhabra et al. 2006 (51)
Haryana Karnal 18-24 13.66 11.66 Kaur 2021 (52)

Eastern Bihar Samastipur  18-24 13.66 11.66 Priya et al. 2020 (53)
Bihar Arrah 20-24 9.68 20.39 Pandit et al. 2014 (54)
West Bengal ~ Medinipur 18-20 19.27 20.57 Mandal et al. 2011 (55)
West Bengal  Bankura 18-22 27.27 10.91 Present Study

Western Maharashtra Panvel 18-23 46.52 4.54 Prabhakar et al. 2020 (47)
Maharashtra Nagpur 15-21 30.37 4.43 Ashwita et al. 2018 (50)
Gujrat Ahmedabad 18-23 43.4 18.8 Solanki et al. 2023 (56)

Southern  Telangana Sainikpuri 18-22 17.44 16.92 Sai Padma et al. 2016 (57)
Tamil Nadu Coimbatore  18-25 15 43.9 Hasani and Geetha 2022 (58)

Central Uttar Pradesh  Prayagraj 18-23 14 18 Pal et al. 2020 (59)
Uttar Pradesh  Allahabad 18-22 13.3 10 Gupta and Gupta 2018 (60)
Chhattisgarh ~ Raipur 18-26 23 13 Joglekar et al. 2016 (61)
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Factors such as increased autonomy in food
choices and peer influences during this transitional
period can contribute to variations in dietary behaviors
among individuals of different ages. Moreover, DBM
was found to be more prevalent among individuals
belonging to lower PCl (<Rs. 1001.00) and SES
groups, constituting 49.06% and 40.38%, respectively.
These findings underscore the impact of
socioeconomic factors on dietary behaviors and
nutritional status. Due to lack of having to nutritious
foods, financial constraints, and environmental factors
associated with lower socioeconomic status may
contribute to unhealthy dietary patterns and DBM
among adult populations (61). Employing a binary
logistic regression through a forward stepwise (Wald)
approach within CED, Gender, PCI and SES the
analysis revealed a robust and statistically significant
association between PCI and CED (Wald = 8.804;
p<0.01). The model itself exhibited substantial

significance (y = 8.630; p<0.01), with Cox and Snail
R? indicating a modest explanatory power of 0.038.
The odds ratio (OR) indicates that females have almost
double the risk of CED compared to males with
OR=1.904 (95% CI: 1.030-3.520) and the relative risk
(RR)=1.605 (95% Cl: 1.014-2.542) with y*=4.284;
p<0.05. The odds ratio for PCI <Rs. 1001.00 compared
to >Rs. 1001.00 is 2.694 (95% CI: 1.400-5.183),
indicating that individuals with PCI <Rs. 1001.00 have
2.694 times higher odds of having CED compared to
those with PCI >Rs. 1001.00 with RR=1.959 (95% CI:
1.289-2.977) and ?=9.151; P<0.01. The OR for the
lower SES group compared to the middle SES group
is 2.206 (95% CI: 1.061-4.588), indicating that
individuals in the lower SES group have 2.206 times
higher odds of having CED compared to those in the
middle SES group with a RR=1.828 (95% CI: 1.017-
3.282) with y?=4.628; p<0.05.
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Figure 5. Bibliometric analysis. It shows the keyword-wise network analysis (A), three field plots of authors, countries
and keyword plus (B), the total number of documents produced in the world from 2004-2023 (C), and country-wise citation

per document (D).
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A bibliometric analysis of 1008 published articles
in national and international journals over the last 20
years (2004-2023) sheds light on the significance of
the double burden of malnutrition among adult
students globally (Fig 5). The analysis included a
network analysis of authors” keywords, with a
criterion of at least five keywords per article. Results
revealed 45 distinct keywords clustered into eight
groups, with notable terms including ‘malnutrition’,
‘double  burden  of
malnutrition, and ‘underweight’.

Among the countries contributing to the research
landscape, the United States of America emerged with
the highest number of published documents,
accounting for 112 articles. Following closely, India
secured the fourth position with 44 articles. However,
when considering citation per document (CPD) as a
measure of impact, Algeria ranked first with 75 CPD,
while India was positioned 62" with 9.14 CPD. The
variation in publication output and citation impact
across countries reflects differences in research
priorities, funding availability, and academic
infrastructure. While countries like the United States
lead in terms of publication volume, others like

‘overweight’,  ‘obesity’,

References

Algeria demonstrate high citation impact relative to
their publication output. This may indicate the quality
and impact of research originating from these regions.

Conclusion

This study highlights the pressing issue of
malnutrition among college students in Bankura, West
Bengal revealing a notable dual challenge of
undernutrition and overweight within this population.
The findings emphasize the complex influence of
socioeconomic factors on students’ nutritional health
with income emerging as a significant determinant of
energy sufficiency. Addressing this issue requires a
multi-faceted approach such as health education
programs focused on nutrition awareness and lifestyle
choices are essential to promote balanced diets and
healthier habits among students. In addition,
enhancing  socio-economic  support can  be
instrumental in tackling chronic energy deficiencies.
Together, these efforts can play a vital role in fostering
a healthier student community and mitigating the
broader impact of malnutrition on young adults’ well-
being and future potential.
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