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Stature Estimation Potentials among Nigerian Igbos
and Ibibios Residing in Rivers State, Nigeria
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AssTRACT: Both inner (ICD) and outer canthal distances (OCD) are some examples of facial parameters
often applicable in forensic anthropology as these differ among ancestries. Despite numerous reports
on stature estimation using various facial parameters across several ancestries and ethnic groups
including those of Nigeria, paucity of literature on the potentials of ICD and OCD in the estimation
of stature among global populations, including Nigeria, remain evident. Thus, the present study
was carried out to fill this gap for two Nigerian ethnic groups, the Igbos and Ibibios. A total of 300
adults of 18 years and above (150 Igbos and 150 Ibibios) comprising 75 males and 75 females each
were randomly selected. The ICD and OCD were measured between the medial canthi and lateral
canthi of the palpebral fissures of the two eyes, respectively using a transparent metric rule. Stature
(height) was measured using a stadiometer using a standardized method. From the results, the mean
heights for the combined population of males and females were 180.57+0.74 cm and 175.28+0.65 cm
respectively. The differences between sexes for height were statistically significant (p<0.05) while there
was no ethnic difference in heights of both ethnic groups observed. The present study showed that
the mean ICD in males and females were 3.31 cm and 3.35 cm respectively. The Ibibio males had
mean ICD of 3.32 cm compared to 3.29 cm in their females. However, ICD values of Igbos showed
a higher mean in females (3.42 cm) compared to males (3.30 cm). The average OCD in males for both
ethnic groups were slightly higher compared to females. Significant correlations between ICD, OCD,
and stature were observed in both males and females while linear regression equations for stature

Original article
© by the author, licensee Polish Anthropological Association and University of Lodz, Poland
creative This article is an open access article distributed under the terms and conditions of the
@commons Creative Commons Attribution license CC-BY-NC-ND 4.0
(https://creativecommons.org/licenses/by-nc-nd/4.0/)

Received: 18.12.2024; Revised: 10.02.2025; Accepted: 21.02.2025



https://doi.org/10.18778/1898-6773.88.1.01
https://orcid.org/0000-0002-1780-8992
https://orcid.org/0009-0002-6833-1220
https://orcid.org/0000-0002-6306-279X
https://creativecommons.org/licenses/by-nc-nd/4.0/

2 Gabriel Sunday Oladipo, Emmanuel Afolabi, Bukola Blessing Johnson et al.

estimation were derived. For males, it was as follows; Stature = 23.65(ICD) + 102.177, and Stature
= 3.44(0OCD) + 140.932. For females, it was thus, Stature = 4.38(ICD) + 160.575, and Stature =
2.83(0OCD) + 143.518. Conclusively, there were strong associations between both canthal parameters
and height in both sexes irrespective of ethnic differences.

Key worps: canthal distance, stature, estimation, Ibibios, Igbos, anthropology

Introduction

The identification of individuals using
the anthropometry of the human face
remains an integral part of biological
anthropology. The concept of facial an-
thropometry in anthropology deals with
the measurement of physical compo-
nents of human face in relation to their
racial and ethnic differences (Jahansha-
hi 2012; Darkwah et al. 2018). Both the
inner canthal distance (ICD) and outer
canthal distance (OCD) of the canthi
(the corners of the eyes where the upper
and lower eyelids meet) are important
facial measurements that are applica-
ble in both anthropological and forensic
studies (Oladipo et al. 2011; Yadav et al.
2019; Bahsi et al. 2021). Furthermore,
the understanding of the variations be-
tween sexes and ancestries in the as-
sessments of canthal anthropometry
could be applied in reconstructive and
cosmetic surgeries that usually involve
carrying out surgical procedures that are
aimed at correcting deformities and en-
hancing facial aesthetics (Raschke et al.
2013; Bouhadana et al. 2022; Celikoyar
et al. 2022). Currently, it is generally
accepted that there are morphological
differences based on several literature
on variations in canthal anthropometry
among ethnic groups in Nigeria (Osun-
woke et al. 2010; Anibor et al. 2014;
Ogoun et al. 2021), and between ances-
tries globally (Yadav et al. 2019; Bahsi
et al. 2021; Radha and Srinivasan 2021;
Bouhadana et al. 2022; Ndombolo et al.
2024).

Together with sex, age and ancestry,
the estimation of stature is a key biolog-
ical means of identification in humans
(Oladipo et al. 2015; Cunha and Ube-
laker 2020). Despite the generalization
of knowledge among anthropologists
that support the accuracy and reliability
of long bones as the most suitable body
components for predicting stature across
different racial populations (Cunha and
Ubelaker 2020), the application of soft
tissues in stature prediction has been
gaining momentum in recent times.
The profiling of unidentifiable human
remains by forensic anthropologists
to estimate stature using soft-tissue
craniofacial measurements has become
a common practice by various research-
ers in the field of biological anthropolo-
gy (de Acuerdo and de la Cabeza 2015;
El-Kelany et al. 2015; Yadav et al. 2019;
Bashar et al. 2024). It is worthy of note
that there are limited studies on the pre-
diction of stature using canthal anthro-
pometry in non-Negroid populations,
and there are arguably none that has
been studied using a Nigerian popula-
tion. In estimating stature from canthal
anthropometry, individuals can be pos-
itively identified especially in forensic
cases where soft tissue remains are in-
complete.

In south-southern Nigeria, some
of the residents that live in the multi-
lingual city of Port Harcourt (which is
in Rivers State) are of Igbo and Ibibio
ethnic extractions as the city is bor-
dered by Imo and Akwa-Ibom states,
respectively. Arguably regarded as the
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most populated region within southern
Nigeria, Rivers State is not without its
challenges that are usually associated
with crimes, such drug abuse, human
trafficking, and other forms of social
vices (Abiodun et al. 2017; Joab-Peter-
side et al. 2021). These vices could in
turn lead to deaths of victims found
in such crime scenes thereby posing
unique difficulties to local security
agencies in trying to identify discovered
victims. In high profile forensic cases,
local anthropologists are consulted by
these security agencies to assist in the
forensic identification of the discovered
victims — which could be challenging
as well due to the lack of forensic da-
tabases in the region. Also, in line with
studies done by Gao et al. (2024), and
Chalkis et al. (2024), surgical outcomes
could be affected by anatomical differ-
ences in eyelid shape, orbital structure,
and overall facial proportions across
different racial populations and these
variations could in turn impact the
selection of techniques and aesthetic
consequences in oculoplastic surgeries.
The current study was done to inves-
tigate the stature estimation potentials
of outer and inner canthal distances
among Nigerian Igbos and Ibibio adult
populations residing in Port Harcourt,
Rivers state.

Materials and Methods

A total of 300 adults (150 Ibibios and
150 Igbos) were randomly selected for
this study and were limited exclusively
to adults of Madonna University, Ele-
le Campus in Rivers State of Nigeria.
Minimum sample size was determined
using Fisher’s formula for infinite popu-
lation or population larger than 10,000
(Cocharan 1963). The subjects were

from Ibibio and Igbo ethnic origins of
Nigeria by both parents and genealogies
and were between the age of 18 and 30
years. Subjects with outside age range of
18 and 30 years, those with any form
of facial anomalies, prior facial surger-
ies and those from heterogeneous par-
ents were excluded. Subjects were se-
lected in line with the Declaration of
Helsinki research ethics protocols for
human research. Ethical clearance was
obtained from the Research Ethics Com-
mittee of the University of Port Har-
court Teaching Hospital, Port Harcourt
(with registration number NHREC/UP-
THREC/03/2023 and protocol number,
UPTH/ADM/90/S.11/VOL.XI1/1722).
All subjects gave their informed con-
sent, and their personal information
were kept confidential.

The measurement of inner canthal
distance [ICD] and outer canthal dis-
tance [OCD| were carried out with the
aid of transparent meter rule and record-
ed in centimeters (cm). The distance be-
tween the lateral canthi of the right and
left eyes gave the outer canthal distance
while the distance between the medial
canthal of the right and left eyes gave the
inner canthal distance [Figurel]. Height
(stature) was measured with the aid of
a stadiometer and recorded in cm. Sub-
jects were barefooted (thin socks were
also allowed). Subjects were asked to
stand on the base of the stadiometer in
an erect position. The heels were placed
together and arms relaxed at the sides.
The head board of the stadiometer was
adjusted to the top of the head (vertex)
and readings were taken from the cal-
ibrations of the stadiometer. 2] All the
measurements were performed twice and
average of the two scores were used for
precision purpose. Reading was taken to
two decimal places.
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Fig.1. Measurement of inner and outer canthal distances [Oladipo et al. 2011, page 15|

Statistical Analyses

Raw data collected from the subjects
were recorded in a Microsoft Excel 2019
version and analyzed using the Statis-
tical Package for Social Sciences (SPSS
version 20.0). Differences between sex-
es and ethnic groups in canthal distances
and heights were determined using the
independent sample t-test while test of
association was done with the aid of Pear-
son’s correlation and regression analyses.
Confidence interval was set at 95%.

Results

The results of the various analyses are pre-
sented in table 1 to 8. In the general pop-
ulation [Table1], males had a mean height
of 180.57+0.74 cm while females had
a mean height of 175.28+0.65 cm. The

mean ICD in males was 3.31+0.02 cm
while in females it was 3.35+0.02 cm.
The mean OCD was 11.52+0.04 cm in
males and 11.23+0. 04 cm in females.

Using independent sample t-test to
compare the above variables between
males and females, it was observed that
there was a statistically significant dif-
ference in the mean height of males and
females (p<0.05) with males showing
significantly higher value than females.
Also, there was a statistically significant
difference between the mean OCD of
males and females (p<0.05) with males
showing higher mean OCD than fe-
males. However, no significant difference
was observed between the mean ICD of
males and females (p>0.05).

Table 2 contains the results of the eth-
nic comparison of Height, OCD and ICD
between Igbos and Ibibios. The mean
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heights of the Igbo and Ibibio subjects were
177.87+0.69 ¢cm and 177.98+0.76 cm
respectively. Those of ICD were 3.36=+
0.17 cm and 3.31%+0.12 cm respectively
while the mean OCD for Igbos and Ibibios
were 11.39+0.04 cm and 11.36=0.04 cm
respectively. It is worthy of note that the
difference in the mean heights of the Ig-
bos and Ibibios were not statistically sig-
nificant (p>0.05). Also, the mean OCD
in the Igbos and Ibibios were not statisti-
cally significant (p>0.05). However, there
was a statistically significant difference
between the mean ICD of the Igbos and
the Ibibios (p<0.05) with Igbos showing
higher mean value.

Table 3 to 6 show the descriptive
statistics for height, ICD and OCD of
Igbo males and females, Ibibio males and
females, Igbo males and Ibibio males
and Igbo and Ibibio females respectively.
Regression products of the correlation of
height and ICD and OCD are shown in ta-
ble 7 and 8. It can be observed that Pearson

R value for the correlation between height
and ICD in males is 0.507. This correla-
tion is statistically significant (p<0.05).
Although the correlation between height
and OCD in males with R value 0.172 is
weak, it is however statistically significant
(p<0.05). On the other hand, no signif-
icant correlation was observed between
ICD and height (R=0.121, p>0.05). In
females, there was a weak but statistically
significant correlation between OCD and
height (R=0.200 p<0.05).

On carrying out the linear regression
to obtain the linear relationship between
height, OCD and ICD in females, the
Pearson constant (C) which indicates
the Constant value in a linear equation
and the slope (R coefficient) was obtained
as shown in table 7. The derived equa-
tions follow the linear equation y = mx+c
and are represented in table 8. This could
be used to determine the height of males
and females when the ICD and OCD is
measured accurately.

Table 1. Independent T-test Analysis on Height, ICD and OCD in Males and Females

Variables Min (cm) Max (cm) Mean (cm) P-value
Height
Male 157 194 180.57+0.74 0.001
Female 157 194 175.28+0.65
ICD
Male 3.0 3.7 3.31+x0.02 0.06
Female 3.0 4.0 3.35+0.02
OCD
Male 10.5 12.0 11.52+0.04 0.001
Female 10.0 12.7 11.23+0.04
P-value is significant at 0.05 when comparing the means of the different parameters
Table 2. Independent T-test on Height, ICD and OCD of the Igbos and Ibibios
Variables Min (cm) Max (cm) Mean (cm) P-value
Height
Igbo 157 195 177.87+0.69 0.91
Ibibio 160 195 177.98+0.76




6 Gabriel Sunday Oladipo, Emmanuel Afolabi, Bukola Blessing Johnson et al.
Table 2. (cont.)
Variables Min (cm) Max (cm) Mean (cm) P-value
ICD
Igbo 3.0 4.0 3.36x0.17 0.03
Ibibio 3.0 3.7 3.31+0.12
OCD
Igbo 10.0 12.7 11.39+0.04 0.58
Ibibio 10.5 12.5 11.36=0.04
P-value is significant at 0.05 when comparing the means of the different parameters
Table 3. Descriptive Statistics of Height, ICD and OCD of the Igbo Males and Females
Sex N Minimum Maximum Mean Sg?jg;i
Male Height (cm) 75 160.00 195.00 180.40 9.41
ICD (cm) 75 3.00 3.50 3.30 0.17
OCD (cm) 75 10.50 12.00 11.48 0.44
Female Height (cm) 75 157.00 194.00 175.35 6.54
ICD (cm) 75 3.00 4.00 3.42 0.24
OCD (cm) 75 10.00 12.70 11.30 0.61
Table 4. Descriptive Statistics of Height, ICD and OCD of the Ibibio Males and Females
Sex N Minimum Maximum Mean [S)gi?jégi
Male Height (cm) 75 162.00 195.00 180.75 8.62
ICD (cm) 75 3.00 3.70 3.32 0.21
OCD (cm) 75 10.50 12.00 11.55 0.46
Female  Height (cm) 75 160.00 194.00 175.21 9.26
ICD (cm) 75 3.00 3.60 3.29 0.19
OCD (cm) 75 10.50 12.50 11.17 0.52
Table 5. Descriptive Statistics of Height, ICD and OCD of Igbo males and Ibibio males
Ethnicity N Minimum Maximum Mean St;rjljégi
Igbos Height (cm) 75 160.00 195.00 180.40 9.41
ICD (cm) 75 3.00 3.50 3.30 0.17
OCD (cm) 75 10.50 12.00 11.48 0.44
Ibibios Height (cm) 75 162.00 195.00 180.75 8.62
ICD (cm) 75 3.00 3.70 3.32 0.21
OCD (cm) 75 10.50 12.00 11.55 0.46
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Table 6. Descriptive Statistics of Height, ICD and OCD of Igbo and Ibibio Females

Ethnicity N Minimum Maximum Mean ]i?rriljtaigi
Igbos Height (cm) 75 157.00 194.00 175.35 6.54
ICD (cm) 75 3.00 4.00 3.42 0.24
OCD (cm) 75 10.00 12.70 11.30 0.61
Ibibios Height (cm) 75 160.00 194.00 175.21 9.26
ICD (cm) 75 3.00 3.60 3.29 0.19
OCD (cm) 75 10.50 12.50 11.17 0.52

Table 7. Correlation Statistics for the of OCD, ICD and Height in Males and Females Subjects

Variables r R? R Coefficient R Constant p-value
Male
ICD 0.507 0.257 23.65 102.177 0.001
OCD 0.172 0.300 3.44 140.963 0.03
Female
ICD 0.121 0.015 4.38 160.575 0.01
OCD 0.200 0.040 2.83 143.518 0.01

Key: r = Pearson correlation coefficient, R* = coefficient of determination

Table 8. Linear Regression Equations for the Esti-
mation of Height from ICD or OCD in Male
and Females

Sex Variable Regression Formula
Male ICD Y = 23.65(x) + 102.177
0OCD Y = 3.44(x) + 140.932
Female ICD Y = 4.38(x) + 160.575
OCD Y = 2.83(x) + 143.518

Note: Y = Height (cm), x = ICD (cm) or OCD (cm)

Discussion

It is true that the understanding of the
anatomy of the human face brings to
light a myriad of applications in the sub-
ject fields of ophthalmic, reconstructive,
and plastic surgeries, as well as anthropo-

metric evaluations in both forensic and
biological identification. As stated earlier,
the anthropometric profiling of human
subjects by various anthropologists to es-
timate stature (height) using soft-tissue
craniofacial measurements has become
a common practice by various research-
ers in the field of biological anthropolo-
gy (de Acuerdo and de la Cabeza 2015;
El-Kelany et al. 2015; Yadav et al. 2019;
Bashar et al. 2024). However, this study
is arguably the foremost research that
has been done with regards to the rela-
tionship between stature, inner (ICD)
and outer canthal distances (OCD) for
any given Nigerian population.

The present study showed that the
mean ICD in males and females were
3.31 cm and 3.35 cm respectively, while
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the mean OCD in males and females
were 11.52 cm and 11.23 cm, respect-
ively. A related study done to evaluate the
ICD in a Saudi population reported from
their results that the mean ICD when
the sexes were combined was 3.03 cm
(ranging from 2.22 c¢cm to 3.78 cm),
with a mean ICD of 3.11 cm for males,
and a mean ICD of 2.96 cm for females
(Hamid et al. 2021). Earlier, a research
by Ozturk et al. (2006) on a Turkish
population found that the males and fe-
males had a mean ICD of 3.07 cm and
3.03 cm, respectively, while El-Sheikh
et al. (2010) reported mean ICD values
for a Sudanese population to be slightly
higher compared to this present study to
be 3.34 cm and 3.24 cm for their males
and females, correspondingly. Further-
more, studies done using different south
Asian populations by Adhikari et al.
(2016), and Igbal et al. (2024) both re-
vealed similar findings to the present
study results on Ibibio population that
the males had higher ICD values in asso-
ciation with the female subjects. Within
Nigeria, Oladipo et al. (2011) had earlier
reported from a survey of 800 partici-
pants from Ibibio ethnic group that the
ICD of males and females were 3.52 cm
and 3.36 cm, respectively — which is in
line with the present study that showed
that the Ibibio males had a mean ICD of
3.32 c¢cm while their female counterparts
had a mean of 3.29 cm. However, the
ICD values of the Igbo population in this
present study showed a higher mean for
the females (3.42 c¢cm) compared to the
male counterparts (3.30 cm).

As seen in this study, the average
OCD in males for both ethnic groups
were slightly higher compared to the fe-
male counterparts. These results were
in accordance with the studies done
among certain ethnicities in Nigeria by

Oladipo et al. (2009), Osunwoke et al.
(2010), and Anibor et al. (2014). How-
ever, in comparisons to other racial pop-
ulations, the OCD was higher as the
mean OCD for a studied population
by Rajput et al. (2022) was 9.23 cm for
males and 7.31 cm for females while
another related study done by Srivasta-
va et al. (2023) using an Indian popu-
lation noted from their results that the
mean OCD was 8.23 cm for males and
7.22 cm for females. Furthermore, simi-
lar research done to evaluate OCD using
both Indian and Nepalese undergraduate
students (Adhikari et al. 2016) revealed
that the males had respective high-
er OCD values (9.49 ¢cm and 9.35 cm)
in association with the female subjects
(9.13 cm and 9.15 c¢cm) — which agrees
with the current study despite reporting
higher values in comparison to the south
Asian subjects. It could be explained that
a host of diverse factors such as changes
in lifestyle and dietary habits have had
a direct relation to human growth and
development over the years and these
factors, which are generally popula-
tion-specific, can affect the morphology
and morphometry of the faces among the
studied ethnicities.

Suffice it to say that despite that there
are some works that has been done to
estimate stature (height) using selected
facial and nasal parameters (Kumar and
Chandra 2006; Kalia et al. 2008; Agni-
hotri et al. 2011; Wankhede et al. 2012),
it has proven to be a challenge to come
across studies that have used periorbital
(or canthal) parameters to predict stature
talk less of a Nigerian population. The
applications of both ICD and OCD in
stature prediction were shown to be rel-
evant in this study as there were signifi-
cant relationships between both canthal
parameters and height in both sexes ir-
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respective of ethnic differences using the
Pearson correlation. These study obser-
vations were followed up by deducing lin-
ear regressions for estimating the height
in males and females based on the meas-
ured ICD and OCD values. Although
this study was able to establish the sig-
nificant relationships between stature,
ICD and OCD, the researchers recognize
that these observations do not make up
for a possible generalization of the total
population of Nigerian Igbos and Ibibios
due to the limited sample size.

Conclusion

The study concluded that there were
significant differences in both sexes de-
spite no ethnic differences in terms of
stature, ICD and OCD. Also, there were
strong associations between both canthal
parameters and height in both sexes ir-
respective of ethnic differences. These
study values could assist local ophthal-
mic, reconstructive, and plastic surgical
practitioners who practice in both ethnic
regions in managing surgical issues re-
lated to the human face. Also, this study
could enable local anthropologists and re-
searchers to digress further on analysing
the applications of canthal anthropome-
try in the prediction of stature across dif-
ferent ethnicities in Nigeria, thereby add-
ing to the growth of physical and forensic
anthropology in the country.
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AssTrRACT: Background: The crucial adolescent period demands greater nutritional needs along with physical
maturity where overweight can lead to sensitivity towards body image. Excessive appearance concern
results in faulty eating habits and complementary behavioral approaches known as eating disorders (ED).

Aim: Due to inconsistencies in prior information regarding ED on Bengalee adolescent females, the
cross-sectional study was conducted on Bengalee school females of rural and urban areas of North 24
Parganas district with the insights of prevalence, anthropometric parameters and risk factors of ED.

Method: The study design consisted of self-reported surveys using standardized questionnaires (Eating
disorder examination questionnaire-28; Body shape questionnaire-34) to determine ED, body dissatisfaction
(BD), meal skipping (MS) and objective assessments of anthropometric parameters of 396 students aged
13-19 years. Statistical analysis was conducted to interpret the findings.

Result: 14.39% ED and 44.95% BD cases were found in this community with significantly high BMI-
for-age (BAZ), hip circumference and subscale values of ED questionnaire among ED participants. After
chi-square and binary logistic regression analysis regular MS was found to be the strongest predictor of ED
accounting for 14% likelihood of ED followed by fear-of-weight-gain (4.48%) and excessive exercise (3.88%).

Conclusion: The findings highlight a complex interplay of psychological and social factors contributing
to ED. Regular MS emerged as the strongest predictor of ED, reflecting an unhealthy coping strategy driven
by psychological stressors such as fear of weight gain, excessive exercise and BD. Influence of cultural norms
on body image cannot be avoided. Our findings will help healthcare practitioners in designing identification
treatment procedures and diet plans in a holistic way during further investigation of ED.
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Introduction

Adolescence is a period of key develop-
mental changes including biological, psy-
chological, social, and cognitive trans-
formation. This period also involves
emotional regulation and independency
generation that impose the passion of
self-regulatory manifestations (Silvers
2022). Brain restructuring and pubertal
maturation make sensitive to social en-
vironment, psychological distress and
long-term unhealthy dietary habits along
with nutritional risks (Sisk and Gee
2022; Shawon et al. 2023). Additionally,
sedentary lifestyle and rapid alteration in
dietary behavior, resulting from globali-
zation are increasing obesity prevalence
among adolescents (Bauman 2023). Ad-
iposity is determined during intrauter-
ine phase, but after birth, favorable con-
ditions further contribute to positive
weight gain (Orsso et al. 2020). Child-
hood obesity may promote early puber-
tal maturation (Shalitin and Yablonski
2022), depression, anxiety, low self-es-
teem, body weight dissatisfaction (BWD)
and irregular dietary habits (Tsekoura et
al. 2021); whereas this early development
among females can increase the concern
on body image (Sicilia et al. 2024). Ge-
netic and biological interplay during obe-
sity contributes to weight stigmatization
and behavioural risk patterns, emphasiz-
ing the likelihood of psychological com-
plications and ED circumstances (House
et al. 2022; Lister et al. 2023).

The multifaceted dimensions of Eat-
ing disorders (ED) are emerging as a glob-
al health concern (Prnjak et al. 2022; Yu
and Muehleman 2023); characterized by
faulty eating habits (restrictive or bing-
ing), mostly present with complemen-
tary behaviors like misuse of laxatives,
self-vomiting and intense exercise (Val et

al. 2022; Aranda et al. 2023). Body dis-
satisfaction (BD), the negative self-per-
ception towards current and desired
physical appearance stands as a central
and crucial accelerator for the onset and
maintenance of ED, resulting in a num-
ber of detrimental outcomes. American
Psychiatric Association 2013 included
body image in diagnostic criteria of ED
by DSM-V but comprehensive investi-
gation is still lacking (Lantz et al. 2018;
Prnjak et al. 2022; Feng et al. 2023). Eat-
ing disorders are becoming increasingly
common in Western Asia (Alfalahi et al.
2021), especially among females with
high body mass index (BMI), disguising
the primary symptoms, due to the estab-
lished norms of beauty concept, putting
their life into danger (Gil et al. 2023).
Recent prevalences among adolescents
include 8.9% in China (Li et al. 2022),
38.3% in India (Ganguly et al. 2018),
9.62% in Taiwan (Chen et al. 2023).
This indicates inconsistency in current
research among Indian adolescents,
making the detection of ED in a commu-
nity sample as an urgent and challenging
task, as skilled supervision is needed to
ensure accurate diagnosis.

Presently, community investigations
for ED and BD use standardized question-
naires relying on recall by the individual
to answer the questions. As per DSM-IV
criteria, the behavioral symptoms should
be present for at least twice in a week in
the last 3 months to be categorized as ED
(Almutairi et al. 2023). Thus, communi-
ty-based investigations are needed to un-
derstand the changing behavioral patterns
and prevent malnutrition earlier.

The present study was conducted on
adolescent females of North 24 Parganas
district of West Bengal, addressing incon-
sistencies in cross-sectional information
and aiming to focus the lack of progress in
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research in India to cover some objectives,
including determining the prevalence of ED
and BD in rural and urban area, comparing
anthropometric parameters between ED
and control group, and exploring the asso-
ciation of ED with various parameters and
the possible risk factors of ED.

Materials and methods

A cross-sectional study was conducted
in North 24 Parganas district West Ben-
gal from May 2022 to January 2023 us-
ing zone-wise distribution of schools, in
sub-divisions. It aimed at quantitative es-
timation of nutritional parameters among
diverse students of similar age and men-
tality. Divergence and concentration of
heterogenous group of students in schools
make it an ideal place of data collection.
The district concurrently includes urban
and rural areas with the highest density of
population per square km area. It is even-
tually impacted by the customs and cul-
ture of Kolkata which surrounds it to the
west (Brief industrial profile 2023).

The study was initiated by obtain-
ing ethical clearance from Institutional
Ethics Committee (IEC) for Research on
Human Subjects (approval no. WBSU/
IEC/30/05) in accordance with the ‘Eth-
ical Guidelines for Biomedical Research
on Human Subjects’ of Indian Council of
Medical Research (ICMR) revised version
of 2006. In view of deficit in prior infor-
mation about adolescent population size
or prevalence rate of ED in the district,
sample size was determined from the fol-
lowing Cochran (1975) formula (Singh
and Masuku 2014)

Z'pq

eZ

n, =

[n,= sample size, Z is the area under the
acceptance region in a normal distribu-

tion curve which is 1.96 at 95% confi-
dence interval, p= estimated proportion
of an attribute in a population, g = (1-p)
e = level of precision +5%]|

(1.96)*-0.5(1-0.5)
ny=——"—"—"5>"""
(0.05)

A 10% margin was added to the
sample size computation to account for
anticipated non-responses resulting in
a target sample size of 424 people. From
list of schools, 96 females and coeduca-
tional schools were randomly selected
from rural and urban areas of the district.
52 schools granted permission and were
recruited for the study.

In the next step, researchers explained
the importance and procedure of the study
to class IX-XII students and their guard-
ians with inclusion criteria such as age
(13-19 years), females, unmarried, cultur-
al trend (Bengalee), physiological condition
(apparently healthy and free from any other
diseases), place of residence (residing at re-
spective rural or urban setting since birth);
collected informed consent declaring their
purposeful interest and used a random
selection lottery method to gather nine
students from each school from the list of
willing participants using a mix of self-re-
ported surveys and objective assessments.

Eating disorder was detected using
‘Eating Disorder Examination Question-
naire-6.0’ as per Fairburn et al. 2014,
avalidated tool consisting of 28 questions
divided into four subscales (restraint, eat-
ing, weight, and shape scale) with global
score >=4 is recommending ‘ED’ (Cart-
er et al. 2001) and rests are ‘control’. BD
was measured using ‘Body Dissatisfac-
tion Questionnaire-34’ (BSQ-34) com-
prising of 34 questions on 6 point Lik-
ert scale. Higher score indicates higher
body image concern and the value >80 is
considered to have BD (Laporta-Herrero

=384.16 = 385



16 Shaonee Saha, Reetapa Biswas

et al. 2016). The informed consent and
questions were translated into Bengalee
and further tested for clarity and authen-
ticity and described thoroughly to the
participants before the survey interview.

A pilot study was conducted on a 10%
sample of the total estimated sample size
in the same area to ensure validity and re-
liability of the questionnaires. Cronbach’s
alpha values were 0.94 and 0.98 respec-
tively for EDE-Q and BSQ-34 that al-
lowed usage of these tools for this survey.

Then the study proceeded with anthro-
pometric assessments. Standing height
and weight were measured with stadiome-
ter and digital weighing machine with bare
foot, minimum clothing at flat surface and
2 hours after eating (Das 2016). Age-wise
BMI-z-score (BAZ) was calculated using
WHO Anthro Plus’ Software which uses
the WHO 2007 Growth reference (Bharga-
va et al. 2020) and classified accordingly.
The BAZ curve obtained from the software
was included in result portion. The linear
diameter of waist and hip were measured
using non stretching measuring tape to
determine waist-hip ratio (WHR) by ap-
portioning the waist by hip circumference.
Waist circumference (WC) was taken be-
tween the lowest part of rib cage and upper
part of iliac crest. The widest part of hip
bone was rounded to note hip circumfer-
ence (HC) (Bacopoulou et al. 2015). WHR
is a crucial measure of fat movement and
potential health risks. Waist-to-height ra-
tio (WHtR) was also calculated. Skinfold
thickness at three sites (thigh, suprailiac
and triceps) were measured by Harpenden
skinfold calipers to obtain body density
by Jackson-Pollock formula (Jackson et
al. 1980) and used for BFP calculation by
Siri equation (Mohammadi and Shakerian
2010). To avoid error value, all the anthro-
pometric measurements were taken thrice
and the mean value was taken.

To observe meal skipping (MS) ten-
dency, each individual was asked re-
garding their consumption of food and
drink in a day with help of 24 hours
recall questionnaire. This process was
continued for 7 days (Locks et al. 2022;
Meshram et al. 2024). It was further
confirmed by separately asking about it
in terms of never’, ‘sometimes’, and ‘reg-
ular’. Participants were asked about how
many of them skipped any of three major
meals in a day in past week. If someone
skipped at regular basis or atleast 6 days
then termed as ‘regular meal skipper’.
If the skipping frequency was less than
6-7 days then ‘sometimes meal skipper’
and others were taken as mever’ to skip
meals (Zahrah et al. 2023). Weight man-
agement practice was investigated with
emphasis on exercise in any form. Type
of exercise done to control weight gain
was recorded as ‘moderate’ and ‘exces-
sive’, and they were compared with in-
dividual having ‘no’ exercise habit (CDC
guideline). Fear-of-weight-gain (FWG) re-
sponse was collected from EDE-Q.

After gathering all relevant data, some
responses were eliminated, such as stu-
dents from other cultural background,
previously diagnosed with any issues like
PCOS, diabetes, thyroid, anemia, anxie-
ty, depression, missing/ incomplete data,
non-cooperative, living in mess/ hostel,
changed their residence any time before
the study etc. to maintain data homogen-
eity. The ultimate sample structure was
formed with 396 adolescent females and
proceeded for statistical analysis.

Data were entered into Microsoft ex-
cel and then transferred to IBM Statistical
Packages for Social Sciences (SPSS version
24) for coding and statistical analysis.
Categorical variables such as place of res-
idence, MS, fear of weight gain, exercise
pattern was coded. BAZ, WHR, WHtR
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were made into categorical variables and
coded accordingly for chi-square analysis.
Graph and heatmap correlation matrix
were created at excel. Tables were made
into Microsoft word using table option
as per result obtained from SPSS output.
BAZ curves were obtained from WHO
Anthro plus software. Group differences
of anthropometric parameters and sub-
scale scores were obtained by performing
independent-t test. Chi-square and binary
logistic regression functions were run to
evaluate the association and contribution
of each factor on development of ED. In
logistic regression odds ratio (OR) was cal-
culated to estimate risk factors. The rela-
tionship between ED and BD in control
of anthropometric variables was evaluated
by semi-partial correlation analysis. All
statistical analysis was done at p<0.05.

Results
Table 1 shows prevalence of ED and BD ac-

cording to place. Figure 1 shows a compari-
son of ED prevalence rates of adolescents in

different Indian studies. A total of 14.39%
ED (56.14%, 43.80% from rural and urban
area respectively) and 44.95% BD (51.68%,
43.81% from rural and urban area respec-
tively) were found. Prevalence of other
studies shown in Figure 1 were taken from
Upadhyay and Mishra (2014), Babu and
Aroor (2017), Ganguly et al. (2018), Nive-
dita et al. (2018), and Dikshit et al. (2020).

Table 1. Distribution of ED and BD according to

place
Place of residence
Total
Rural Urban (n %)
(n %) (n %)
Eating disorder status
Present 32 25 57
(56.14%)  (43.80%)  (14.39%)
Absent 179 160 339
(52.80%)  (47.19%)  (85.61%)
Body perception
Dissatisfied 92 86 178
(51.68%)  (48.31%)  (44.95%)
Satisfied 119 99 218
(54.59%)  (45.41%)  (50.05%)

Allahabad

Mangalore

Howrah (W.B.)

Mysore

Prevalence of ED among adolescents in India in last 10 years

26.67%
38.30%

26.06%
Mumbai 50.10%
14.39%

Fig. 1. Comparison of prevalence of eating disorders (ED) among adolescent females in India. The figure

N24P (W.B)

shows comparison of ED prevalence rates of different parts of India (blue colored bars) in last ten years
with our study (orange colored bar). Our study found the least prevalence till now



18

Shaonee Saha, Reetapa Biswas

Table 2 shows number and percent-
age of participants in accordance to BAZ.
Among total population, 65.15% (ED=
42.10% Control= 69.03%) were in nor-
mal category, followed by 21.21% over-
weight, 8.83% obesity, 2.77% thinness,
and 1.26% severe thinness. ED category
showed higher cases of overweight and
obesity. This community represented
very few incidences of undernutrition as
overall 2.27% thinness was present both
in ED and control group and only 1.26%
severe thinness appeared in control
group. Despite restrictive eating behav-
ior and weight control approaches, BAZ
score of ED participants did not go <-3

SD, affirms inconsistency of ED with
undernutrition, but does not ensure op-
timum health status of them. The com-
parison of BAZ categories of the study
population with compared to WHO ref-
erence curve is shown in Figure 2.

Figure 2a shows the right side shift-
ing of z-score curve from WHO standard
BMI curve. Figure 2b shows scatterness
of the curve in both overweight and un-
derweight categories. The average BAZ
value was still very lower than reference
curve suggesting presence of malnu-
trition in overall population. It is visi-
ble that overweight or obesity cases are
more than undernutrition.

Table 2. Distribution of participants according to BMI z-score (BAZ) status (n=396)

BAZ status ED {n (%)} Control {n (%)} Total {n (%)}
Severe thinness (<-3SD) 0 (0%) 5(1.47%) 5(1.26%)
Thinness (<-2SD) 1(1.75%) 10 (2.95%) 11 (2.77%)
Normal (-28D to 1SD) 24 (42.10%) 234 (69.03%) 258 (65.15%)
Overweight (>1SD) 23 (40.35%) 61 (17.99%) 84 (21.21%)
Obesity (>2SD) 9 (15.79%) 29 (8.55%] 35 (8.83%)
Total 57 339 396

+ BAZ= BAZ= BMlI-for-age-z score SD= standard deviation

28 w— 00 chitd growih standasds (birth to 60 months), WHO reference 2007 (61 monthato 19 years)
wul [— Al children (a=37)

Chuldren

e - ]

Children

4 T T oo g 7 B A g

2- score

2p === WHO child growth standards (bisth to 60 months), WHO seference 2007 (61 months 1o 19 years)
wnf All children (n=339) o

Fig. 2. Comparison of high BMI-for-age (BAZ) of eating disorders (ED) and control group with a WHO ref-
erence curve. 2a shows BAZ score curve of ED group, and 2b shows BAZ score curve of control group.

The green line is the WHO curve, the red line indicates BAZ of our sample
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Table 3 shows significantly higher
value (p<0.05) of BAZ, HC, and EDE-Q
subscale scores among ED subjects. Nor-
mal BAZ category contributed to the
most significant difference, indicating

general tendency of overweight of ED
participants. For subscale variation, the
highest concern was observed in ‘shape
concern’ scale, followed by ‘weight con-
cern’, ‘eating’ and ‘restraint concern’.

Table 3. Difference in anthropometric parameters and subscale scores between ED and control group

(n=396)
ED (n= 57) Control (n= 339)
Parameters p value
Mean (* SD)
Anthropometric parameters
BAZ Total 1.09 = 1.01 0.21 £ 1.30 <0.01**
Normal 0.29 £ 0.5 -0.18 = 0.76 <0.01**
Overweight 1.47+ 0.28 1.40 £ 0.27 0.31
Obesity 2.57+0.38 2.57x0.57 0.99
BFP 27.29 = 3.93 26.58 = 4.49 NS
WC 74.80 = 12.07 72.50 = 11.20 NS
HC 92.17 = 11.18 88.72 = 11.98 0.043*
WHR 0.80 = 0.06 0.81 = 0.05 NS
Subscale scores
Restraint Scale 2.99 + 1.16 0.07 £ 1.05
Eating concern 3.16 = 1.21 0.56 = 0.77 <0.01**
Weight concern 4.59 + 1.31 1.25 = 1.22
Shape concern 5.06 = 0.78 1.53 = 1.34

+ Note= As there was no severe thinness and only one thinness subject in ED group so group difference
can'’t be performed in this case. **p<0.01, *p<0.05, NS= not significant

BAZ= BMlI-for-age-z score, BFP= body fat percentage, WC= waist circumference, HC= hip circumference,

WHR= waist-hip ratio, SD= standard deviation

Further, the association of different
variables with ED was determined by
chi-square test for independence at 5%
level of significance (p<0.05), that re-
flected a statistically strong significant
association between ED and some pa-
rameters except place of residence, age,
waist-hip ratio (WHR), and waist-to-
height ratio (WHtR). Tables 4,5,6 respec-
tively represented chi-square association
of socio-demographic, anthropometric
and lifestyle variables with ED.

Significant variables of table 4,5,6
were entered into logistic regression
model as predictor variables to observe
their likelihood on ED. Chi-square as-
sumption (p=0.922) in Hosmer-Leme-
show goodness of fit data indicates the
fitness of model at acceptable level where
the variance of predictor variables rang-
es between 27%- 48% based on Cox and
Nagelkerke R?[Table 7] and model fitness
at 90.4% |Table 8]. Regression analysis
shows significant positive association
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of BD, MS, FWG and excessive exercise  and regression analysis confirms their re-
with ED. High BAZ did not appear as lationship when other variables are pres-
a significant risk factor of ED [Table 9]. ent. Contribution of each significant var-
Chi square analysis significant variables  iable on occurrence of ED is presented in
may mislead for direct linear relationship  Figure 3.

Table 4. Association of socio-demographic variables with ED (n= 396)

ED
Parameters x* (Sig. value)
Present Absent

Place of residence

Rural 32 179
0.218 (NS)
Urban 25 160
Age (years)
13 3 11
14-16 21 146 1.17 (NS)
17-19 33 182
[NS= non-significant]
Table 5. Association of anthropometric variables with ED (n= 396)
ED
Parameters x* (Sig. value)
Present Absent
BAZ
ST 0 5
Thinness 1 10
20.405
Normal 24 234 (<0.01)*
Overweight 22 61
Obesity 10 29
WHR
Gynoid (<0.8) 24 132
0.205 (NS)
Android (>0.8) 33 207
WHtR
<0.5 32 216
1.197 (NS)
>=0.5 25 123

[BAZ= BMI z score, ST== Severe thinness, WHR= waist-hip ratio, WHtR= Waist-to-height ratio. ** sig-
nificant p<0.01; *significant p<0.05; NS= not significant]
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Table 6. Association of lifestyle behavior with ED (n=396)

ED
Parameters 1 (Sig. value)
Present Absent
BD
Present 48 130
41.47 (<0.01)**
Absent 9 209
Fear of weight gain (FWG)
Yes 42 103
39.42 (<0.01)**
No 15 236
Exercise pattern
No 33 241
Moderate 16 85 10.97 (0.004) **
Excessive 8 13
Meal skipping (MS)
Regular 23 22
Sometimes 11 13 82.86 (<0.01)**
Never 23 304
[BD= Body dissatisfaction, ** significant p<0.01]
Tabe 7. Model summary and Hosmer-Lemeshow test
Model summery H-L test
Step -2 Log Likelihood Cox and Snell R Nagelkerke R Chi-square af p value
square square value
1 200.48 0.272 0.485 3.19 8 0.922
Table 8. Model classification table
Predicted
Observed ED
Percentage Correct
Absent Present
Step 1 ED
Absent 329 10 97.1
Present 28 29 50.9
Overall Percentage 90.4
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Among all the significant variables,
‘regular’ MS increased the occurrence of
ED by 14 times (OR=14.03; 95% ClI=
5.82-33.82), followed by ‘sometimes’
MS to about 10 times (OR=10.18; 95%
CI= 3.31-31.30), with compared to ref-
erence category (no MS).

Next, significant factor was ‘fear of
weight gain’. FWG accounted for four
times increment in odds of ED (OR=4.48;
95% CI=2.09-9.62). The result for ex-
ercise pattern indicated when excessive
exercise was done, then the likelihood of
ED went around 3.8 times (OR=3.88;
95% CI=1.03-1.04); while for moderate
exercise, the odds increased at 1.9 times
(OR=1.92; 95% CI=0.85-4.36) than its
respective reference category (no).

One unit increase in BD score can
increase the probability of ED only one
time (OR=1.02; 95% CI= 1.01-1.04) and
thus, BD has very less contribution in de-
veloping ED than other variables includ-
ed in the model. Actually, MS and FWG
develop primarily which are contributing
factors of BD and BD arises at later stage.

Various studies established BD and
high BMI as significant risk factors of
ED but the concern about physique is
very specific to cultural norms and life-
style approaches and this cross-section-
al study tried to seek the strength of BD
and BAZ on development of ED among
Bengali adolescent females. Here, BD
was responsible only one time and BAZ
only 1.3 times odds on occurrence of ED.

Table 9. Association of predictor variables with ED and Odds ratio

Predicted Regression Standard  Chi-square value Odds 95% CI
variables coefficient (B) Error (SE) (Wald) value P ratio  Jower upper
BD 0.027 0.007 15.25 <0.01** 1.027 1.01 1.04
BAZ 0.278 0.164 2.877 0.09 1.32 0.95 1.80
Meal skipping - - 41.89 <0.01** - - -
Regular 2.641 0.449 36.610 <0.01** 14.03 5.82  33.82
(ref: never)
Sometimes 2.32 0.573 16.38 <0.01** 10.18 3.31 31.30
(ref: never)
FWG 1.50 0.389 14.91 <0.01** 4.48 2.09 9.62
Yes (ref: never)
Exercise - - 5.48 0.06 - - -
Moderate (ref: no) 0.656 0.417 2.46 0.11 1.92 0.85 4.36
Excessive (ref: no) 1.35 0.677 4.02 0.04* 3.88 1.03  1.04
Constant -6.02 0.73 66.94 <0.01** 0.002 - -

+ Notes: There was no missing data. Odds ratio were determined for predicted variables BD, BAZ, Meal
skipping (MS), FWG and Exercise. Dichotomous dependent variable ED was expressed as present and
absent. MS, FWG, exercise was converted into categorical variable. Categories of MS: ‘regular’- daily
at least one major meal in a day for last 7 days; ‘sometimes’- at least 3—4 days for last 7 days; ‘never’—
skip no meal in last 7 days; FWG: yes and no; Exercise: tendency to do at moderate excessive never in
a week. The individual value of BD and BAZ of each participant were included for analysis in continu-
ous scale. The significance level is denoted by **= p<0.01 *= p<0.05.

BD= body dissatisfaction, BAZ= BMI-for-age z score, FWG= fear of weight gain
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Regression equation:
Logit (P)= -6.02 + 0.02* BD + 0.27*
BAZ + 2.64* MS (regular) + 2.32* MS

(sometimes) + 1.5* FWG (yes) + 0.65*
Exercise (moderate) + 1.35* Exercise (ex-
cessive)

Regular
meal

skipping

Sometimes
meal

skipping

Fear of
weight gain

Excessive
exercise

Body
dissatisfaction

Eating
Disorder

Fig. 3. Impact of predictor factors on development of eating disorders. Effect of significant variables

on eating disorders found in our logistic analysis is shown. Regular meal skipping is the strongest

predictor, followed by sometimes meal skipping, fear of weight gain, excessive exercise and body

dissatisfaction

Among all the anthropometric vari-
ables, BAZ had the highest correlation
with ED (r=0.37 though the strength of
correlation is low). When all other vari-
ables were removed except BAZ, then the
correlation of BD reduced to 0.53 from
0.63 (model 2). In model 3, the non-sig-
nificant variables, i.e., HC and BFP were
excluded and then the correlation was
slightly increased at 0.56 (still at moder-
ate degree of correlation) due to inclusion
of WC. Increase in R? values and grad-
ual decrease of standardized coefficient

beta value from model 1-3 suggest prop-
er exclusion of the particular variables
from the model. It indicates that heavy
body weight or high BAZ and WC are the
main anthropometric factors to initiate
BD and in turn ED. The correlation ma-
trix is shown by a heatmap visual chart
(Figure 4) where the color intensity has
increased from pink to green according
to correlation coefficient. Controlling an-
thropometric parameters on BD and ED
in Analysis by Semi-partial correlation
can be seen in Tables 10-12.
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Table 10. Results from the Pearson’s correlation analysis

BD Score WC HC BFP BAZ
Pearson Correlation ED Score 0.636 0.243 0.249 0.184 0.372
Sig. (1-tailed) ED Score <0.01** <0.01** <0.01** <0.01** <0.01**

+ BD= body dissatisfaction WC= waist circumference HC= hip circumference BFP= body fat percentage
BAZ= BMI-for-age z score. **p<0.01

Table 11. Results from the step-wise exclusion of variables and part correlation analysis

Model Standardized Coefficients Beta Sig.
Zero-order Part
BD Score 0.636 <0.01** 0.636 0.636
2 BD Score 0.577 <0.01** 0.636 0.539
BAZ 0.167 <0.01** 0.372 0.156
3 BD Score 0.612 <0.01** 0.636 0.561
BAZ 0.342 <0.01** 0.372 0.226
WC -0.251 <0.01** 0.243 -0.163
Table 12. Results from the backward correlation analysis
Model Standardized Coefficients Beta Sig. Zero-order
1 (Constant) 0.001
BD Score 0.614 <0.01** 0.636
BAZ 0.367 <0.01** 0.372
wC -0.211 0.023* 0.243
HC -0.038 0.681 0.249
BFP -0.048 0.293 0.184

*+p<0.01 *p<0.05

ED score  BD score

| Weak » High ’

Fig. 4. Heatmap correlation matrix of eating disorders (ED), body dissatisfaction (BD) and anthropometric
variables. Regular (MS) is the strongest predictor, followed by sometimes MS, FWG, excessive exercise
and BD. The pink color indicates low strength of correlation and green indicates higher correlation.
Among anthropometric variables, BD has the highest correlation with ED, the color is indicated a mix-
ture of pink and green
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Discussion

The prevalence rates of BD and ED of
our study are not limited by geographi-
cal location as seen in Table 1. The study
found the least prevalence of ED among
adolescents in India till now. It is far
consistent with 13.6% of Thangaruju et
al. (Thangaraju et al. 2020) where same
questionnaire was applied on undergrad-
uate students. This variation could be
the influence of social media’s potency
to instill a western philosophy among
rural teen minds. Most importantly
these prevalence rates can act as docu-
mentation for cross-sectional motive of
addressing ED behavior among adoles-
cent school females. Body dissatisfac-
tion prevalence of our study came within
global prevalence of 19.2-83.8% in var-
ious community-based studies (Martini
et al. 2022) or 40-60% among adolescent
females where 30-60% females preferred
to follow inappropriate weight control
behaviors (Flament et al. 2015). Further
presence of overweight/obesity increased
the severity of ED due to weight stigmati-
zation and overestimation (Matthews et
al. 2022), predominantly lead to restric-
tive eating. Therefore, prior weight status
poses immense role on severity and pro-
gression of ED and metabolic functions of
the body (Jhe et al. 2023). Overweight is
identified as unacceptable weight status
that sometimes raises external pressure
of weight loss, thin-body internalization
and weight-teasing attitudes (Lin et al.
2023), drive individuals towards im-
proper lifestyle behaviors as seen in ED.
It supports the higher chances of over-
weight and obesity among them [Table
2 and Figure 2a,b]. Consistent presence
of ED symptoms such as psychometric
properties of body concern, eating and
other lifestyle behaviors are confirmed by

higher subscale values which distinguish
the people having ED from others. Signif-
icant difference suggests the presence of
symptoms did not appear by chance, but
rather developed from indigenous prac-
tices in their real lives.

Therefore, cross-sectional studies in
different countries even across regions of
a single country show variation in preva-
lence rates due to broad spectrum of cul-
tural differences, social norms, misun-
derstanding of beauty standards, genetic
adaptation, family practices of individu-
al, and questionnaire used. Though the
prevalences of BD and ED of this study
are not so alarming but still needs to be
considered seriously to take timely pre-
ventive approach.

Meal skipping and fear-of-weight-
gain tendency for intensive exercise, high
BAZ, and BD values have been found as
significant predictive risk factors of ED.
Obesity is not only the sole risk factor
of ED, as various studies have reported
the development of ED during or after
obesity treatment, indicating a complex
metabolic interplay between obesity and
psychometric allowance for ED behaviors
(McMaster et al. 2023). All these factors
are inter-related, such as FWG often trig-
gers pervasive feelings of dissatisfaction,
leading to emotional disturbance and
cognitive regulation on food intake, re-
inforcing the ED characteristics. Also,
persistent ED promotes all these factors
in reciprocal way, further increasing the
obsession and compulsive behaviors
(Nearman et al. 2024). Meal skipping can
contribute to emotional eating and un-
healthy dietary choices, resulting in bing-
ing, poor lifestyle practices, and a surge
in obesity (Zahrah et al. 2023). In this
study, MS has been found as the most
common approach, accounting for almost
10-14 times rise in occurrence of ED.
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Therefore, only the psychological freight
is not alarming, if it thrives any unscien-
tific practice in regular lifestyle then only
it can emerge the severity of ED.

The study suggests that tendency of
excessive exercise contributed to about
three times increase in risk of ED. Regular
physical exercise definitely improves over-
all quality of life but addiction may trigger
for rigid workout schedule for achieving
perfect figure. Though the study did not
analyze dietary pattern except MS, the
findings on exercise pattern and ED was
consistent with previous research, that
found significant and positive correlation
between the healthy dietary pattern with
the exercise addiction and shape concern.
Apart from dietary pattern, exercise ad-
diction among adolescents can accelerate
the risk of ED by promoting psychological
distress, sleep disturbances and body im-
age concern particularly among females.
Pubertal development of adolescence aug-
ments the physiological disillusions or BD
and vigorous exercise schedule that take
over the charge of dominating lifestyle be-
haviors for ensuring figure correction; but
actually, imposing adverse health effects.
A study also mentioned the strongest me-
diation effect of body image on exercise in-
tensity and ED. So, body image holds the
central part of exercise behavior and BD
(Ahorsu et al. 2023; Khosro et al. 2024).
BD also formed significant positive cor-
relation with ED in presence of BAZ, the
most confounding factor, while other an-
thropometric parameters were in control.
A study in Saudi Arab found moderate lev-
el of association between ED and BD when
the effect of BMI was controlled. BMI can
increase due to various causes and not al-
ways related to westernization but eventu-
ally leading the threat of ED in presence
of dissatisfaction and excessive concern on
body image (Melisse et al. 2022).

Due to cross-sectional design the study
possesses some limitations. Firstly, the
eating behaviors, body concern and meal
skipping tendency were estimated from the
responses given by the participants. So, it
was not possible to capture the recall bias, if
any, that may underreport these behaviors.
The study did not include socioeconomic
status and social factors that may influ-
ence the above behaviors. Additionally, the
changes in anthropometric measurements
over time can’t be covered at a single point
of time that lacks the information about
the unhealthy lifestyle choices whether it
appear concurrently with or prior to the on-
set of ED. The cause-relation effect of the
variables was also not established. Lastly,
the study focused on a specific adolescent
population of a district which limited the
generalizability of the findings to other ad-
olescents of the state.

Conclusion

This cross-sectional approach was under-
taken to shed light on eating-related atti-
tudes of both rural and urban adolescent
females of the district. The findings high-
light the growing sensitivity towards body
image during adolescence, where regular
MS has emerged as the strongest predic-
tor of ED, reflecting an unhealthy coping
strategy driven by psychological stressors
such as FWG, excessive exercise, and BD
and socio-cultural norms. Though ED is
a widely researched topic, this study rec-
ognized a complex interplay of psycholog-
ical and social factors in the response of
ED among Bengalee adolescent females
along with their anthropometric indices
where limited literature exists in this
context. It will undoubtedly help medi-
cal practitioners, nutritionists, and pol-
icymakers in understanding the health
implications and designing the treatment
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procedure and diet plans. In comparison
with other studies, variation exists in
prevalence rates due to differences in the
survey tool used, participants’ type, fami-
ly and social background, cultural trends,
daily habits, etc. High BAZ values among
ED participants may be a cause or conse-
quence of ED, and it needs a longitudinal
study design to determine the fact. Poor
BAZ in participants without ED detection
does not mean its absence, but suggests
frequent investigations and health care
monitoring along with the promotion of
mental awareness. However, in regard to
ED, the study focuses on the attitudes,
anthropometric status, risk factors of ED,
and lifestyle choices of young teenagers
in West Bengal’s North 24 Parganas dis-
trict, which becomes helpful information
for further investigation. At last, the study
has found gaps in understanding the ef-
fects of social media use, family, friends,
and cultural norms on body image; the
psychological spectrum and food habits
on ED; and any cause-effect pathway of
the variables in the Bengalee community.
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AssTrRACT: In humans, prenatal development of brain dispositions to sex differences in mating behavior is
difficult to study directly. Indirect prenatal markers, including dermatoglyphics, present a viable option.

In this study we tested a hypothesis that some radio-ulnar contrasts in dermatoglyphic ridge counts
could be related with human sociosexuality.

Sociosexual Orientation Inventory (SOI) data from 180 young adults, along with fingerprints of their
terminal phalanges (via hand scanning) were collected, and relationships between SOI and dermatoglyphics
were analyzed.

Typical sex differences in SOI were recorded with higher scores in males and lower in females. Among
other results we found that on the index finger lower number of triradii and cores (i.e., mostly in loop
type dermatoglyphic patterns) and radial-biased within-finger asymmetry in ridge counts typical for ulnar
loops were connected with typical sex differences in SOI (higher in males and lower in females) while in
subjects possessing an opposite dermatoglyphic arrangement — higher numbers of cores and triradii and
ulnar-biased within-finger ridge count asymmetry typical in radial loops — sex differences in SOI scores
disappeared. Recognized significant and systematic trends were mostly connected with variables derived
from dermatoglyphic features on the 2°¢ and 4 fingers.

Possible relationships with prenatal androgen causation are discussed.
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Introduction

Sociosexuality and its prenatal
dispositions
Sociosexuality has been defined as a vari-
able willingness to have sex outside the
committed pair bond (Simpson and Gan-
gestad 1991). Largely applied self-report
sociosexual inventories (Simpson and
Gangestad 1991; Penke and Asendorpf
2008) contained several items reflecting
actually performed sociosexual behavior
(number of sexual partners, one-night sex
occasions), as well as sexual desire (inter-
nal forces of sex drive and preferences,
regardless if realized or not) and attitudes
to this aspect of sexuality (mostly learned
and also culturally forced, but not neces-
sarily without innate influences). There-
fore, sociosexuality in a way reflects
a complex issue of trade-off between
quality and quantity of sexual relations
(sexual/reproductive evolutionary strat-
egies) of each subject which is essential
from evolutionary (life-history) point of
view because it can make reproductive
differentials between subjects represent-

ing different levels of sociosexuality.
Across human populations, sex dif-
ferences in sociosexuality are influenced
both by biological and social factors (Lippa
2007; 2009). While social factors of soci-
osexuality are relatively easy to study via
questionnaires in surveys, the innate part
of variation in sociosexuality is more dif-
ficult to investigate even though it is also
important (Bailey et al. 2000; Lyons et al.
2004), i.e., the variation people are pre-
disposed to from prenatal development by
their genes and/or prenatal programming,
which can, genetically or epigenetically, be
passed on to the following generations.
Predispositions to sexual behavior
in general are developed in the human
brain prenatally under an influence of

prenatal sex differentiation factors, es-
pecially the expression of genes from
sex chromosomes locally in each cell
(Arnold 2014 for review) in a combina-
tion with sex hormones produced cen-
trally by prenatal gonads and secreted to
the embryonal/fetal circulation (Cohen-
Bendahan et al. 2005 for review), see
e.g., Mitsui et al. (2016; 2019) for recent
examples. In North American adult men
and women, sociosexuality — defined as
comparison between monoamorously
vs. polyamorously behaved subjects
- was related to levels of testosterone
(van Anders et al. 2007), even though
the relationship between sociosexual-
ity and testosterone might not be so
straightforward when long term changes
during the partnerships are taken into
account (Puts et al. 2015). It is unclear,
however, how levels of prenatal testos-
terone are involved in the predisposi-
tions for adult sociosexuality. Results
of testing relationships between 2D:4D
ratio — as a putative marker of prenatal
testosterone — with sexually dimorphic
behavioral traits were not unequivocal
(Charles and Alexander 2011; DeLecce
et al. 2014; Wong and Hines 2016).

Sex differences in dermatoglyphics
and relationships to behavior
There are some indications that dermato-
glyphics, initiating its development
in 10® to 11% weeks in utero (Loesch
1983:18-24; Babler 1991), could be used
as a potential indirect marker of prenatal
sexual differentiation and its prena-
tal influence on brain predispositions of
human behaviour (Bracha et al. 1991;
Fatjo-Vilas et al. 2008; Golembo-Smith
et al. 2012), including sexual behavior
and sociosexuality. The primary argu-
ment for such associations is a strong,
prenatally fixed sexual dimorphism of
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many dermatoglyphic traits (Schwidetz-
ky and Jantz 1979; Kralik et al. 2019).

Among other sex relationships, in
the majority of human samples, genet-
ically normal males have on average
higher Total Finger Ridge Count (TFRC)
and higher hand asymmetry in the ridge
count than genetically normal females
of the same population (Kunter and
Rahl 1995). Strong negative relation-
ship between TFRC and number (dose)
of sex chromosomes has been found;
the higher number of sex chromosomes
in a genome, the lower TFRC (Penrose
1963; Alter 1965; Penrose 1967; Jantz
and Hunt 1986). However, it is not clear
whether the origin of this dimorphism is
due directly to genetic differences in each
cell or is mediated by prenatal differences
in the action of steroid sex hormones.
Nor do the results of studies of people
with normal karyotypes (male 46,XY, fe-
male 46,XX) and disorders of sexual de-
velopment, including congenital adrenal
hyperplasia (Qazi and Thompson 1971;
Borger et al. 1986), or steroid receptor
disorders such as testicular feminization
syndrome (Polani and Polani 1979), offer
a clearer view. At present, therefore, it is
not possible to say unequivocally whether
the sex differences in dermatoglyphic
traits is purely genetic in origin or caused
by prenatal differences in sex steroid hor-
mone levels, or some other mechanism
mentioned by Arnold (2014), or a com-
bination of different mechanisms. In any
case, however, associations have been
found between sexual dimorphism of
dermatoglyphic traits and certain types
of sexually dimorphic behavior.

Some studies tried to find direct rela-
tionships between dermatoglyphics and
a “sexually typical behavior” that can be
predisposed by a prenatal setting, in par-
ticular, if dermatoglyphic features or val-

ues non-typical for a given sex are found
in subjects with a sexually non-typical
behavior (Cohen-Bendahan et al. 2005).
There are no clear empirical results for
relationship between prenatal testoster-
one levels and right/left side asymmetry
in dermatoglyphic features and prena-
tal testosterone. Females have usually
more symmetrical patterns than males.
In homosexual males (Hall and Kimura
1994) more symmetrical or even left-
ward asymmetrical (i.e., more feminine)
ridge counts were found but another in-
dependent study (Mustanski et al. 2002)
did not confirm the result and neither
did the study of homosexual transsexuals
(Slabbekoorn et al. 2000). Another study
of transsexuals (Green and Young 2000)
found higher frequency of leftward asym-
metry in male homosexual transsexuals
than in control heterosexual males and
heterosexual transsexuals which is in
congruence with the expectation, but
they reported no differences between
male and female controls in directional
asymmetry in the ridge count which is
not in congruence with the expectation.
In female monozygotic twin pairs dis-
cordant in sexual orientation (Hall 2000),
lower (i.e., more feminine) ridge count
was found in lesbians than in their het-
erosexual twins which is, however, not in
congruence with supposed role of testos-
terone in sexual orientation. Addition-
ally, females with leftward ridge count
bilateral asymmetry (more typical for fe-
males than males) reached better results
in language cognitive tasks (perception,
fluency), while females with rightward
ridge count asymmetry (more typical for
males than females) were better in space
orientation and mathematical skills that
are usually on average better handled by
males (Kimura and Carson 1995; Kimu-
ra and Clarke 2001).
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To sum up, some relationships between
dermatoglyphic variations and sex devel-
opment have been found (Schwidetzky and
Jantz 1977; 1979; Krélik et al. 2019), how-
ever, empirical evidence linking dermato-
glyphics to sexuality other than sexual
identity and sexual orientation is scarce.
One cause might be an inappropriate
methodological nature of dermatoglyphic
variables used. So far distinguished, de-
fined and studied dermatoglyphic features
(ridge count, right/left directional asym-
metry) might not be sufficiently sensi-
tive to hormonal action in utero. On the
contrary, within-individual gradients in
dermatoglyphic features (e.g., between fin-
gers) might be crucial for studies of prena-
tal factors, analogically to the 2D:4D ratio
(Manning 2002). According to one piece of
supporting evidence (Kralik et al. 2019b),
sex differences in proportions of derma-
toglyphic whorl patterns increases signif-
icantly from radial to ulnar fingers, i.e.,
from the thumb to the little finger. It in-
dicates that sexes differ in dermatoglyphic
development mostly in the ulnar side of
the hand. Although not abundantly stud-
ied, radioulnar variations might be sensi-
tive both to internal (genetic) and external
(environmental) disturbances of develop-
mental processes. Radio-ulnar asymmetry
within fingers reflects the number of sex
chromosomes in the karyotype (Jantz and
Hunt 1986) and differences between radial
and ulnar fingers, e.g., differences between
ridge counts on the 1°* and the 5% finger,
are sensitive to seasonal variations during
dermatoglyphic development (Kahn et al.
2001; 2008; 2009).

Recent studies (Polcerova et al. 2022a;
2022b; Polcerovi et al. 2023) have found
that several radioulnar contrasts (nu-
merically: differences between two ridge
counts) on the right hand, involving the
radial ridge count on the 2™ finger, were

dimorphic in the same sense in all 21
study populations examined. This may
indicate that these contrasts are tar-
geted by prenatal sex differentiation fac-
tors common to all human populations
and could therefore be used as prenatal
markers of sexual differentiation, as the
2D:4D ratio is used.

Aims of the study

To our present knowledge, there are no
studies on the relationship between
dermatoglyphics and sociosexuality. The
aim of the study was to describe (innate)
sex differences in dermatoglyphic radi-
oulnar patterns on fingers and to find out
whether human sociosexuality, as meas-
ured by sociosexual orientation inven-
tory (SOI), is related to dermatoglyphics
as putative markers of prenatal sexual de-
velopment. Based on previous studies we
hypothesize that radio-ulnar contrasts in
dermatoglyphic features will be related to
variations in sociosexuality.

Materials and methods

Studied subjects
The studied sample represents 180
young adult people (mean age 23.3 years,
range from 18 to 35 years), 87 fe-
males (mean age 23.9 years) and 93 males
(mean age 22.7 years). The subjects were
mostly recruited from students of sec-
ondary schools and universities in Brno,
Czech Republic. The data were collect-
ed within the frame of a project which
was approved in advance by the Ethical
Committee for Research of our universi-
ty (protocols: EKV-2017-052 and another
one with approval letter) and all subjects
signed informed consent with their par-
ticipation in the study. A preliminary
version of this analysis was part of the
first author’s (PI.) defended dissertation.
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Sociosexual Orientation Inventory
Sociosexuality was recorded using local
language version of seven-items Sociosex-
ual Orientation Inventory — SOI (Simpson
and Gangestad 1991). The inventory is
a self-reporting questionnaire composed
of seven items. The first three items (1-3)
reflect real or perceived sociosexual behav-
ior (number of sex partners over the last 12
months, number of supposed sex partners
in the future 5 years, and number of “one-
night stands” ever) and the answers are
open. Item 4 (frequency of imagination hav-
ing sex with someone else than the current
partner) intended to reflect a hidden socio-
sexual desire and it is rated on an 8-point
ascending heterogeneous scale, from 1
(never) to 8 (at least once a day). Items
5-7 reflect sociosexual attitudes towards
casual sex (of the respondent-self and other
people/in general; all three are similar but
item 7 is formulated with reverse mean-
ing from the remaining two items) and
are rated on a 9-point Likert scale from 1
(strongly disagree) to 9 (strongly agree).
From the answers to these 7 items, the
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left hand
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right - left
asymmetry

sociosexuality score (SOI) is calculated ac-
cording to the formula SOI = (5 X item 1)
+ (1 xXitem2) + (5 X item 3) + (4 X item 4)
+ [2 X (aggregate of items 5, 6 and reverse
values of item 7)|. Despite fact that the
final SOI score represents discrete values
the scale usually represents relatively wide
range of values from a methodological-
ly given lower border to a variable upper
tail. Technical Note: In the original publi-
cation of SOI method (Simpson and Gan-
gestad 1991) the principle of combination
of the last three items of the inventory is
described by the term “aggregate”. In our
opinion, this means “sum”, in fact. How-
ever, in many studies after the original one,
other authors used a procedure of averaging
(in fact the arithmetic mean). This is prob-
ably true also for the comparative study
of many human populations by Schmitt
(2005) which involves the only available
comparative data on SOI for Czech and
Slovak populations known to us. This was
the reason we also computed the combi-
nation of the last component (attitudes) of
the SOI scores as the mean and not a sum.

BfD
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Fig. 1. Studied variables. Schematic illustration of studied positions and ridge-count variables on the hu-
man hands: right (R2 — R5) and left (L2 — L5) hand fingers, RCr (radial ridge count) and RCu (ulnar ridge
count) on each finger, WID (within-finger difference) on each finger, BfDs (between finger differences
from 2 minus 3 to 4 minus 5) on each hand, and DA (directional asymmetry, right minus left) for RCr
and RCu on each finger. The diagram of the hands corresponds to the position of how the handprints
look when both hands are printed on paper at the same time in the traditional way, or how we see our
own hands from the dorsal side when we scan them on a desktop scanner
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Dermatoglyphics
The human hands were scanned by
means of 2D flatbed scanner (one type
for the whole sample) into color TIFF
images using a method adopted for pub-
lished studies (Kralik et al. 2014; 2019a).
Since thumbs were recorded from the ra-
dial side on scans and their ulnar sides
were mostly not available, we studied
dermatoglyphic variations in the four
fingers only (24 to 5% finger).

We applied standard dermatoglyphic
methodology (Cummins and Midlo
1961) as implemented in open source
software Dermatoglyphix (Kralik et al.
2017). On fingers, all dermatoglyphic
points (cores and triradii) were identified
according to the methodology standard-
ized by Cummins and Midlo (1961) and
subsequent variables for each fingerprint
were recorded (see Figure 1 for ridge-
count variables).

Number of triradii (nT)
Number of triradii representing in raw
form a counting variable ranging from 0
to 2 (Supplementary materials Table S1)
were analyzed in the form of two cate-
gories (nT): 1 — patterns with 1 or no
triradius, 2 — patterns with 2 or more
triradii. In the sense of traditional pat-
tern classification, category 1 represents
loops, tented arches and arches, i.e., less
complicated configurations of ridges,
while category 2 represents all whorls
and composites (eventually complicated
accidentals), i.e., more complex patterns.

Number of cores (nC)
Number of cores representing in raw
form a counting variable ranging from
0 to 2 were analyzed in the form of two
categories (nC): 1 — patterns with 1 or no
core, 2 — patterns with 2 or more cores.
In the sense of traditional pattern clas-

sification, category 1 represents no-core
or simple core patterns (arches, tented
arches, loops, simple whorls and cen-
tral pockets), while category 2 represents
double whorl patters (lateral pockets and
twin-loops, eventually complicated acci-
dentals with more cores). The variable
hence represents a measure of complex-
ity in the center of the pattern.

Radial ridge count (RCr)

Radial ridge count (RCr) was recorded
as counted variable: count of ridges be-
tween the radial triradius and core, if
both present. If a pattern had no core or
triradius RCr was zero (0), if number of
cores was higher than 1, the radial core
(closer to radial triradius) was taken.
When counting ridges, endpoints (point
of core and point of triradius) were
not counted following methodology by
Holt (1951; 1961; 1979).

Ulnar ridge count (RCu)

Ulnar ridge count (RCu) was record-
ed as counted variable: count of ridges
between the ulnar triradius and core, if
both present. If a pattern had no core or
triradius RCu was zero (0), if number of
cores was higher than 1, the ulnar core
(closer to ulnar triradius) was taken. For
this and other ridge counts applied that
when counting ridges, endpoints (point
of core and point of triradius) were not
counted.

Radio-ulnar difference within fingers
(WfD)
Radio-ulnar difference of ridge counts
within each fingerprint (WfD) was es-
tablished as a difference between radial
(RCr) and ulnar (RCu) ridge count (radi-
al minus ulnar) on each finger. For both
hands eight variables were computed,
from L2.WID for the left 2™ finger to
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R5.WID for the right 5" finger similar-
ly to the approach applied in Polcerova
et al. (2022a).

Radio-ulnar difference between fingers
(BfD)

Radio-ulnar difference in ridge counts
between fingers (BfD) was computed
as a difference between ridge counts on
a radial and an ulnar (radial minus ulnar)
finger. In each body side (hand), this was
computed for each type of ridge count
(RCr, RCu) and each pair of fingers (BfDr,
BfDu).

Directional asymmetry between
respective fingers
Body side asymmetry (DA) was com-
puted as right-left difference (right minus
left) in each type of ridge count (DAr for
RCr, DAu for RCu) between respective
fingers on right and left hand.

Statistical procedures

All computations with data and statis-
tical methods were performed in the
R software (R Core Team 2019). De-
scriptive statistics were computed for
each recorded variable. Sex differences
in frequencies of triradii (nT) and cores
(nC) were tested by means of Pearson’s
Chi-squared test with Yates’ continu-
ity correction. Sex differences in ridge
counts (including derived variables)
and SOI scores were assessed by means
of two sample permutation test (with
100,000 permutes) in the R-package
EnvStats (Millard 2013). The signif-
icance of directional asymmetry was
tested by means of one sample permu-
tation test (with 100,000 permutes) of
mean DA value against zero (0).

Dermatoglyphic variables were used
as independent variables (categorical or
continuous factors) and SOI scores as

dependent variables (effects) and we test-
ed how SOI scores change in relation to
dermatoglyphic variables. To test the ef-
fects of categorial variables (nT, nC) on
SOI scores we applied two-way nonpar-
ametric analysis of variance (so called
“robust analysis of variance”, RAOV) was
applied where obligate Euclidean distance
(usual in parametric ANOVA) is replaced
by a distance called Jaeckel’s (1972) dis-
persion function based on a rank estima-
tion (Hocking 2003; Hettmansperger and
McKean 2011). This method is available
for practical usage in the R-package Rfit
(Kloke and McKean 2012).

For statistical assessment of effect
of ridge counts (RCr, RCu), and varia-
bles derived from them (WID, BfD, DA)
to SOI we used the same statistical ap-
proach. Values of each ridge count vari-
able were divided into two categories
(lower, higher) with approximately same
sample sizes and the effect of the catego-
ries (along sex category and interaction
term) was tested by means of the RAOV.
In visualization plots, mean values were
estimated as Huber M-estimator with
Wald-type confidence intervals and they
were computed in R-package rcompanion
(Mangiafico 2015).

Results

Sociosexuality Orientation Inventory
Mean SOI score values were 29.3
(SD = 178, N = 69) and 46.3
(SD = 23.8, N = 62]) for females and
males, respectively. The sex difference
was highly statistically significant (two
sample permutation test: p-value = 0).
Distribution of the values of the SOI
scores was not normal in either males or
females. For all subsequent tests we used
SOI transformed into a form of its natu-
ral logarithm (logSOI).
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Table 1. Frequencies of nT and nC for each finger and sex separately. Legend: ratio — ratio between count

of category 2 and 1 reflecting a proportion of more complex patterns, Chi.sq. — value of Chi-square sta-

tistics (degrees of freedom were always equal to 1), p-value - significance of the Chi-square test of the

proportion between the frequencies in males and females (two sided hypotheses)

nT nC
Finger Males Females Chi- p-val- Males Females Chi- p-val-
1 2 ratio 1 2 ratio S& 1 2 ratio 1 2 ratio S4 ue
L2 47 15 032 44 22 0.50 0.893 0.34 56 6 0.11 58 8 0.14 0.025 0.87
L3 47 15 032 58 11 0.19 0927 0.34 52 10 0.19 61 8 0.13 0.249 0.62
L4 44 18 041 47 21 045 0.001 097 59 3 005 61 7 0.11 0.700 0.40
L5 55 7 013 59 8 0.14 0.000 100 59 3 005 64 3 0.05 0.000 1.00
R2 41 20 0.49 46 20 043 0.012 091 56 5 009 59 7 0.12 0.026 0.87
R3 50 12 0.24 58 10 0.17 0223 064 58 4 007 65 3 0.05 0.016 0.90
R4 30 32 1.07 37 31 084 0261 061 59 3 005 64 4 0.06 0.000 1.00
R5 46 15 033 58 8 0.14 2536 0.11 55 6 011 65 1 0.02 2768 0.10

Descriptive statistics and sex
differences

Frequencies of nT and nC are available
in the Table 1, including results of tests
for differences between frequencies in
males and females. Sexes did not statis-
tically differ in frequencies of nT and nC

(except of borderline significance in nC
of R5), however values of ratio between
number of cases with complicated pat-
terns (nT=2) and more simple patterns
(nT=1) were always higher in males
than in females in each right-hand finger
(but not in the left-hand fingers). This
was not found for nC.

Table 2. Descriptive statistics and sex differences in ridge counts. Descriptive parameters and tests of sex

differences of ridge count variables (RCr, RCu) and within-finger ridge count differences (W{D) for each

finger and sex separately; N — number of cases, Mean — arithmetic mean, SD - standard deviation, Min

— minimum, Max — maximum, Med — median, Q05 — 5% quantile, Q95 — 95% quantile each finger and

sex separately; ratio — ratio between count of category 2 and 1 reflecting a proportion of more complex

patterns, Chi.sq. — value of Chi-square statistics (degrees of freedom were always equal to 1), p-value

— significance of the Chi-square test of the proportion between the frequencies in males and females

(two sided hypotheses)

Females Males
Finger N Mean SD Min Max Med Q05 Q95 N Mean SD Min Max Med Q05 Q95 gffxf p'l‘l’zl'
RCr
L2 91 716 656 0 20 6 O 18591 831 728 0 22 8 0 19 1.14 027
L3 811062687 0 24 13 0 20 891222582 0 24 13 0 20 1.61 0.10
L4 621335735 0 27 14 0 24 841589579 0 27 17 4 24 254 0.02
L5 711159 587 0 22 12 2.5 205 7813.35 4.83 0 24 14 585 21.2 1.75 0.05
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Females Males
Finger N Mean SD Min Max Med Q05 Q95 N Mean SD Min Max Med Q05 Q95 ]s;fxf p'l‘l’:l'
RCr
R2 99 7.25 637 0 20 8 0 18 92 592 656 0 21 3 0 17.5-1.33 0.16
R3 921154 587 0 24 12 20.5 901140 6.0 0 24 13 0 20.6 -0.14 0.88
R4 691439 700 0 26 16 23 801536 6.04 0 25 175 2 23 097 0.37
R5 731241 558 1 23 13 3.6 204 7913.11 443 3 22 14 6 20.1 0.70 0.39
RCu
12 91 629 791 0 26 2 0 21 91 6.78 833 0 30 2 0 21 0.49 0.69
L3 81 248 591 0 27 O 0 17 89 251 566 0 23 O 0 15.6 0.02 0.98
L4 62 402 657 0 22 O 0 179 83 347 586 0 22 O 0 16.9 -0.55 0.61
L5 70 0.76 262 0 13 O 0 62 78 063 234 0 13 O 0 5.45-0.13 0.77
R2 99 583 827 0 25 O 0 21 92 878 864 0 25 8 0 23.5 2.95 0.02
R3 92 2.10 603 0 27 O 0 18560 240 598 0 23 O 0 18.6 0.30 0.74
R4 69 443 644 0 24 O 0 16.6 80 6.04 0.00 0 24 1 0 17.1 1.60 0.15
R5 72 0.86 283 0 15 O 0 84579 1.89 420 0 16 O 0 12 1.02 0.08
WiD
L2 91 0.88 987 -24 19 0 -18 15 91 1.53 9.64 -24 22 0 -18 17 0.65 0.66
L3 81 8.14 7.43 -11 21 -3 18 89 9.72 692 -11 24 12 -3 17.6 1.58 0.15
14 62 934 7.12 -2 24 95 -1 21 8312.45 6.81 -10 27 14 1 23.7 3.11 0.009
L5 7010.73 520 0 20 11 2.45 19 78 12.72 494 -3 23 13.5 4.85 20.2 1.99 0.02
R2 99 142 936 -25 19 0 -15 16 92 -2.86 9.39 -25 19 -1.5 -19 13.5 -4.280.002
R3 92 945 6.43 22 12 -1.5 17 90 9.00 696 -5 21 10.5 -1.6 19 -0.45 0.66
R4 69 9.96 7.10 26 9 0 22.6 80 9.33 7.01 -10 23 8 0 21 -0.63 0.59
R5 721150 546 -1 23 11.5 2.55 195791123 492 1 22 11 2.9 20.1 -0.27 0.75

Descriptive statistics of ridge counts
(Table 2) showed systematically higher
values of RCr in males on the left hand
and the difference was significant on
the L4 an L5. On the right hand the sex
differences were neither systematic nor
significant. On the contrary, mean val-
ues of RCu were systematically higher
in males on the right hand and the dif-
ference was significant on the R2. On
the left hand the sex differences were
neither systematic nor significant. On
the left hand, WD mean values were

always higher in males than in females,
while on the right hand, they were al-
ways higher in females. The sex differ-
ence in WID was highest on L4 (higher
in males) and R2 (higher in females) and
significant on fourth and fifth finger of
the left hand (L4, L5) and the second fin-
ger of the right hand (R2). No significant
sex differences were found for BfD (Ta-
ble 3), except for borderline significance
for BIfDr of R2-R4 and R2-R5 difference
(higher in females) and for BfDu of R2-
R3 (higher in males).
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Table 3. Descriptive statistics and tests of sex differences in BfD. Descriptive parameters of between-finger

ridge count differences (BfD) for each finger and sex separately; for legend see Table 2

Females Males
Delrflfceg N Mean SD Min Max Med Q05 Q95 N Mean SD Min Max Med Q05 Q95 ]S)eé‘f pf
BfDr
L2-L3 70 -2.93625 -20 12 -2 -13 5 82 -4267.17 -23 13 -3 -16 4.95 -1.33 0.23
L2-L4 55 -5.64 698 -26 12 -4 -19 2.3 79 -7.677.72 -27 15 -6 -21.1 2.1 -2.03 0.12
L2-L5 63 -4.37599 -21 10 -4 -149 3.9 73 -4.967.42 -18 12 -5 -16.4 54 -0.59 0.61
L3-L4 58 -3.345.48 -18 13 -2 -13.33.15 77 -4.325.09 -19 9 -4 -132 3 -0.98 0.29
L3-L5 58-1.645.67 -20 8 -05-125 6 70 -043576-21 15 0 -9 8 121 024
L4-L5 58 1.72 4.73 -15 12 2.5 -5.158.15 69 3.16 5.05 -13 14 3 -6.6 10 1.44 0.11
R2-R3 80 -4.03 5.65 -18 -3 -14.1 405 82 -5.797.90 -24 15 -3 -189 3 -1.77 0.11
R2-R4 67 -7.52 7.00 -25 7 21 1.7 73-974735-25 2 -8 21 0 -2.22 0.07
R2-R5 67 -4.816.15 -21 10 -5 -154 4 68 -6.876.29 -19 7 -7.5-16.7 2 -2.06 0.06
R3-R4 64-3235.12 20 8 -3 -11.93.85 78 -4.76591 -23 8 -4 -13.8 4.15 -1.52 0.11
R3-R5 62-1.18551 -16 9 -1 -129 6 73 -1.41623 -22 8 0 -13.4 54 -0.23 0.83
R4-R5 58 2.03 501 -13 16 2 -43 945 69 242 515 -11 13 3 -6 11 0.39 0.67
BfDu
L2-13 70 3.50 7.37 -11 24 0 -4.55 18 82 3.88 8.39 -20 26 O -5.9 18.95 0.38 0.77
L2-L4 55 1.89 7.75 -16 19 0 -10.8 15.6 78 3.35 8.54 -15 24 1 -11.2 19 1.46 0.32
L2-15 62 479645 0 20 05 O 17 73 621796 -3 30 3 0 19 1.42 027
L3-14 58-1.706.44 22 18 0 -15 6.15 76 -1.706.29 -17 23 0 -11.3 7.25 0.00 1.00
L3-L5 57 1.56 5.11 -10 18 0 -4 12.8 70 1.23 530 -11 23 0 -4.1 13.1 -0.33 0.74
L4-L5 57 2.84 497 4 16 0 0 12.6 68 272515 -5 18 0 0 14.65-0.12 0.90
R2-R3 80 4.14 7.84 -17 23 0 -2 20 82 6.37 7.97 -13 23 2.5 -0.9519.95 2.23 0.07
R2-R4 67 0.90 6.86 -17 21 0 -9.4 11.7 73 1.67 9.02 -24 24 0 -11.4 164 0.78 0.57
R2-R5 66 5.358.10-15 21 0 O 20 68 691778 -9 24 35 0 20 1.56 0.26
R3-R4 64 -3.176.43 -17 22 0 -149 0 78 -4.456.83 -20 12 0 -16.2 3.15 -1.28 0.26
R3-R5 61 1.21 583 -10 23 0 -1 16 73 0.81 5.84 -13 23 0 -8.6 12.8 -0.40 0.70
R4-R5 58 400572 0 20 O O 151569 532653 0 24 2 0 166 1.32 0.23

In females, directional asymmetry (Ta-
ble 4) of RCr (DAr) was on average posi-
tive (higher values on the right hand) on
all fingers but the differences did not sig-
nificantly differ from zero (except for bor-
derline significance for R4-L4), while in
males it was on average negative (higher
values on the left hand) in all fingers and
the differences were significant on the sec-
ond fingers (R2-L2). In females, direction-

al asymmetry of RCu (DAu) significantly
differed from zero only on the third fingers
(R3-L3), while in males the third finger
was almost symmetrical but not on the
remaining fingers where the DAu differed
from zero (significant for R2-L2 and R4-
L4 and borderline significant for R5-L5).
Sex differences in DAr were negative (i.e.,
lower — leftward dominated RCr - in males
than in females) for all four fingers, while
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sex differences in DAu were positive (i.e.,
higher - rightward dominated RCu - in
males than in females) in all fingers, and
these sex differences were mostly statisti-

cally significant, except for the non-signif-
icant results for the third fingers (R3-L3)
and marginal result of DAu in the fifth
finger (R5-L5).

Table 4. Descriptive statistics and sex differences in DA. Descriptive parameters and tests of sex differences

in directional asymmetry in ridge counts (DA, DAu) for each finger and sex separately; DA p-value

- significance of the one sample permutation test between mean value of DA and zero (two-sided hy-

pothesis); for legend see Table 2

Females Males
Differ- DA DA Sex p-val-
N Mean SD Min Max Med Q05 Q95 p-val- N Mean SD Min Max Med Q05 Q95 :
ence e p-value Diff ue
DAr
R2-L2 83 0.22 552 -12 19 0 -88 99 0.74 82 -2.187.64 -20 19 -1 -16 12 0.012 -2.400.023
R3-L3 74 0.32 4.67 -12 14 0 -7.35 7 0.57 82 -0.99547 -19 13 0 -10 5 0.11 -1.31 0.11
R4-L4 56 0.95 3.89 -10 14 1.5 -6 6 0.08 70 -0.67 488 -18 7 0 -9.55 555 0.27 -1.620.048
R5-L5 53 0.64 3.05 -8 10 1 -34 4.8 0.14 68 -0.663.28 -11 7 -05 -5 4.65 0.11 -1.300.028
DAu
R2-L2 83 -0.346.73 -20 21 0 -12.8 11.8 0.66 82 2.43 7.27 -19 20 O -6 15.95 0.0034 2.76 0.012
R3-L3 74 -1.27 538 -22 17 0 -12.7 0 0.047 82 0.01 6.27 -23 23 0 -79512.7 1.00 1.28 0.18
R4-L4 56 0.68 5.12 -15 15 0 -7.5 9.25 0.34 69 2.88 6.22 -10 17 0O -7 15.6 0.00021 2.21 0.036
R5-L5 52 -0.19235 -9 10 0 -2.9 045 0.62 68 0.79 329 -8 13 O -1 9 0.051 0.99 0.07
L2: nT vs SOI L2: nC vs SOI L4: nC vs SOI
5- 5- 5-
[ ] (1) -
rY
4- 4- ! 4-
_ sex 5 Wb sex 5 - sex
o *
7] 7}
2 B ¢ = B« 2 . ==
-] E m L l E m 2 E m
37 aly 3 37
2 1 | 27 ' 2z ' '
1 2 1 il 2
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Fig. 2. Significant effects of numbers of triradii and cores. Box-plot visualization of significant effects of nT

(number of triradii category) and nC (number of cores category) on logSOI in L2 and L4 fingers; log

SOI - natural logarithm of SOI score, 1 — lower number of triradii or cores category, 2 — higher number
of triradii or cores category, f — females (red dots), m — males (blue triangles), thick horizontal — median,
boxes — lower and upper quartiles, whiskers — non outlier ranges
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Relationships between SOI and
numbers of triradii and cores

Robust analysis of variance found some
significant effects of sex and nT and nC
on sociosexuality variables (Table 5).
When testing the effect of sex and nT on
SOI, the effect of sex was always highly
significant, which indicates system-
atic differences in SOI between sexes.
No effects of nT were recorded in any
of the fingers but significant interac-

tion between sex and nT was found in
the L2 (Figure 2). While in bearers of
lower number of triradii on the L2 finger
(nT=1) clear sex difference in SOI was
evident, in bearers of higher number of
triradii (nT=2) on L2 average sex differ-
ence was not expressed — males had on
average lower SOI than those with lower
number of triradii, while females had
higher mean SOI than those with lower
nT. Such effects were not found on the
right hand.

Table 5. Results of the Robust Analysis of Variance (RAOV) for the effect of number of triradii and cores on
SOL. Tests of effects of nT (nC) and sex to SOI, including interaction of both factors (nT : sex, and nC

: sex); Mean RD — mean reduction in residual dispersion

nT sex nT : sex
Finger I\/Il{e[a)n F-value p-value NII{eSn F-value p-value I\;egn F-value p-value
L2 0.0674 0.313 0.6 3.6054 16.728 0.0001 2.2269 10.332 0.0017
L3 0.0049  0.020 0.9 3.9575 15.732 0.0001 0.2793 1.110 0.3
14 0.0260 0.103 0.7 6.0322 23.905 0.00001 0.0482 0.191 0.7
L5 0.1211 0.494 0.5 2.8935 11.815 0.0008 0.0288 0.118 0.7
R2 0.3237 1.330 0.3 6.2225 25.568 0.00001 0.1727 0.710 0.4
R3 0.6591 2.818 0.1 3.5278 15.084 0.0002 0.3102 1.326 0.3
R4 0.0300 0.117 0.7 7.9123 30.842 0.00001 0.1156  0.451 0.5
R5 0.1252 0.470 0.5 4.1274 15.490 0.0001 0.0025 0.009 0.9
nC sex nC : sex
Finger I\/Il{e[a)n F-value p-value NIlfSn F-value p-value N}[T{egn F-value p-value
L2 0.0011  0.004 0.9 0.8397 3.530 0.06 1.4770 6.209 0.014
L3 0.0824 0.335 0.6 2.9651 12.040 0.001 0.1735 0.704 0.4
14 0.1559 0.679 0.4 0.3935 1.713 0.2 1.4117 6.146 0.014
L5 0.1230 0.493 0.5 0.5452 2.184 0.1 0.3469 1.389 0.2
R2 0.1324 0.546 0.5 2.2843 9.413 0.003 0.0607 0.250 0.6
R3 0.4897  1.967 0.2 1.4380 5.777 0.018 0.0155 0.062 0.8
R4 0.0078 0.033 0.9 0.4571 1.902 0.2 0.7521  3.130 0.1
R5 0.1801 0.717 0.4 0.8873 3.531 0.06 0.0025 0.010 0.9

Similar results were found for nC.
No simple effect of nC was found in
any of the fingers, however, in L2 and

L4 significant interactions of nC with
sex were found, similar to the nT de-
scribed above. While in cases with
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more obvious patterns — those with number of cores (nC=2) sex difference
lower number of cores (nC=1) — av- in SOI was blurred (females have high-
erage sex difference in SOI was clear- er SOI and males lower than those typ-
ly evident, in the group with higher ical for a given sex).

Table 6. Results of the Robust Analysis of Variance (RAOV) for the effect of ridge count on SOI. Tests of
effects of ridge count variables (RCr, RCu, and WD) to SOI, including interactions of dermatoglyphic
variables with sex; Mean RD — mean reduction in residual dispersion

RCr sex RCr : sex
. Mean Mean Mean
Finger RD F-value p-value RD F-value p-value RD F-value p-value
L2 0.0354 0.148 0.70 8.3741 35.037 0.00001 0.6002 2.511 0.12
L3 0.0002 0.001 0.98 45894 17.689 0.0001 0.3838 1.479 0.23
L4 0.7573 3.147 0.08 45125 18.753 0.0001 0.4974  2.067 0.16
L5 0.0146 0.058 0.81 4.1555 16.498 0.0001 0.3065 1.217 0.27
R2 0.7108 3.055 0.08 8.3507 35.889 0.00001 0.9374  4.029 0.048
R3 0.0532 0.199 0.66 45665 17.107 0.0001 0.5787 2.168 0.14
R4 0.0176 0.068 0.80 4.3293 16.763 0.0001 0.1725 0.668 0.42
R5 0.0075 0.031 0.86 4.4246 18.040 0.0001 0.2078 0.847 0.36
RCu sex RCru : sex
. Mean Mean Mean
Finger RD F-value p-value RD F-value p-value RD F-value p-value
L2 0.0435 0.202 0.65 7.5957 35.309 0.00001 1.0380 4.825 0.031
L3 0.0972 0.372 0.54 3.0799 11.784 0.001 0.0227  0.087 0.77
L4 0.0540 0.215 0.64 3.6591 14.586 0.0003 0.0534 0.213 0.65
L5 0.0192 0.079 0.78 1.7089 7.043 0.01 0.3238 1.334 0.25
R2 0.0186 0.084 0.77 7.7769 34.884 0.00001 0.2853 1.280 0.26
R3 0.3725 1.363 0.25 1.9502 7.134 0.0091 0.0001  0.000 0.99
R4 0.1306 0.522 0.47 5.1347 20.545 0.00001 0.6090 2.437 0.12
R5 0.0000 0.000 1.00 1.0912  4.507 0.038 0.0014  0.006 0.94
WiD sex WID : sex
. Mean Mean Mean
Finger RD F-value p-value RD F-value p-value RD F-value p-value
L2 0.1147 0.543 0.46 8.5122 40.316 0.00001 1.1944 5.657 0.019
L3 0.0136 0.051 0.82 4.2212 15.735 0.0002 0.2777 1.035 0.31
L4 0.6735 3.021 0.09 3.8188 17.133 0.0001 0.7448  3.342 0.07
L5 0.0760 0.290 0.59 4.2065 16.039 0.0002 0.1904 0.726 0.40
R2 0.1215 0.525 0.47 8.0434 34.759 0.00001 0.6001 2.593 0.11
R3 0.0707 0.273 0.60 4.0687 15.732 0.0002 1.0722 4.146 0.045
R4 0.5411 2.124 0.15 4.2232 16.575 0.0001 0.0162 0.064 0.80

R5 0.0803  0.340 0.56 4.7632 20.174 0.00001 0.2057  0.871 0.35
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Fig. 3. Significant effects of ridge counts. Plots of effects of RCr, RCu, and WD categories on logSOI in

the second finger (L2 and R2); first three left columns: Huber mean estimates (females — red dots,

males — blue squares) augmented with Wald type 95% confidence intervals, a — lower values cate-

gory, b — higher values category; right column: identical data in raw values of WID for a comparison

(females — red dots, males — blue triangles, lines — ordinary linear least squares regression models,

shadow zones — 95% confidence intervals), asterisks — significant interaction between sex and der-

matoglyphic variable

Relationships between SOI
and ridge counts and within-finger
differences in ridge counts
In all tests (Table 6), sex again revealed sig-
nificant effect on SOI while RCr revealed
only borderline effect on L4 (p-value
=0.08). However, significant interaction
between sex and RCr was found for R2 -
the higher was RCr, the higher was SOI
difference between sexes. Similarly, sig-

nificant interaction between sex and RCu
was found on L2 for RCu. As can be seen
in Figure 3, in both hands, effects of RCu
and RCr are similar, but opposite in their
direction, which, in connection of both,
creates a radioulnar continuum. This
is well expressed in WD variables and
more visible on several fingers and signif-
icant interactions between WD and sex
was found both on L2 and R2.
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Relationships between SOI and
between-finger differences in ridge
counts
None of the tested relationships between
RCr BfDs and SOI was statistically signif-
icant (Table 7), except for borderline sig-
nificance — p-value=0.0951 - of the inter-
action of both factors (sex : BfD) in L3-L4

difference. In RCu BID, significant inter-
actions of factors (sex : BfD) on SOI were
found in L2-L4 and R3-R4 differences (Fig-
ure 4). Similarly, to the WIDs, the higher
was the between-finger differences in RCu
on the above-mentioned pairs of fingers,
the less typical (lower in males and higher
in females) the SOI was (Figure 4).

Table 7. Results of the Robust Analysis of Variance (RAOV) for the effect of BfDs on SOI. Tests of effects
of between-finger RC differences (BfDr and BfDu) to SOI, including interactions of dermatoglyphic

variables with sex; Mean RD — mean reduction in residual dispersion; NA — not available (numerical

condition not met)

BfDr sex BfDr : sex
Difference NIIS;H F-value p-value I\;%n F-value p-value MRelgn F-value p-value
L2-L3 0.0358 0.1381 0.7114 4.9372 19.0572 0.00001 0.0000 0.0000 1.0000
L2-L4 0.0000 0.0000 1.0000 3.0192 12.3281 0.0009 0.0069 0.0283 0.8671
L2-L5 0.1149 0.4624 0.4993 5.0780 20.4311 0.00001 0.0549 0.2208 0.6403
L3-L4 0.0721 0.2536 0.6166 3.6202 12.7266 0.0008 0.8213 2.8874 0.0951
L3-L5 0.1625 0.6994 0.4073 3.9136 16.8401 0.0002 0.4473 1.9249 0.1720
L4-L5 0.5128 2.6216 0.1124 5.0871 26.0088 0.00001 0.0025 0.0125 0.9114
R2-R3 0.0125 0.0486 0.8262 5.5452 21.5011 0.00001 0.2177 0.8442 0.3613
R2-R4 0.0032 0.0129 0.9101 4.1369 16.6641 0.0001 0.4128 1.6628 0.2023
R2-R5 0.4118 1.8841 0.1757 3.6669 16.7793 0.0001 0.1330 0.6086 0.4388
R3-R4 0.1871 0.6760 0.4143 2.8806 10.4054 0.0021 0.0016 0.0058 0.9397
R3-R5 0.2286 0.9324 0.3390 2.8953 11.8087 0.0012 0.0003 0.0011 0.9736
R4-R5 0.0769 0.4116 0.5242 5.6775 30.3920 0.00001 0.2436 1.3040 0.2591
BfDu sex BfDu : sex
Difference NIIG;n F-value p-value NI[;;;H F-value p-value NPIS;H F-value p-value
L2-1.3 0.1018 0.4082 0.5251 4.6857 18.7803 0.0001 0.3351 1.3432 0.2506
L2-14 0.6057 2.6901 0.1067 3.9779 17.6682 0.0001 1.7632  7.8316 0.0071
L2-15 0.0069 0.0305 0.8621 5.2166 23.0112 0.00001 0.6944 3.0632 0.0856
L3-14 0.0990 0.3856 0.5373 2.2959 8.9400 0.0042 0.0231 0.0898 0.7656
L3-L5 0.4797 1.9548 0.1688 1.1382 4.6382 0.0365 0.0868 0.3537 0.5549
L4-L5 0.0188 0.0766 0.7832 4.8364 19.6977 0.0001 0.2972 1.2105 0.2771
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Table 7 (cont.)

BfDu sex BfDu : sex
. Mean Mean Mean
Difference RD F-value p-value RD F-value p-value RD F-value p-value
R2-R3 0.0159 0.0654 0.7990 49122 20.2178 0.00001 0.0185 0.0763 0.7832
R2-R4 0.5835 2.3458 0.1310 3.9917 16.0473 0.0002 0.0105 0.0422 0.8380
R2-R5 0.1366 0.6327 0.4299 5.7145 26.4600 0.00001 0.1119 0.5180 0.4749
R3-R4 0.0141 0.0525 0.8196 3.4616 12.9299 0.0007 1.1326 4.2306 0.0442
R3-R5 NA NA NA NA NA NA NA NA NA
R4-R5 0.0107 0.0494 0.8250 6.0558 28.0016 0.00001 0.4206 1.9448 0.1696
L3-L4: BfDr vs SOI L2-L4: BfDu vs SOI*
40 + 4.01 +
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8 ¥ f 8 @ f
g - n g =
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Fig. 4. Significant effects between fingers. Plots of effects of BfD (between-finger differences in ridge count)
categories on logSOI the specified finger pair; Huber mean estimates (females — red dots, males — blue
squares) augmented with Wald type 95% confidence intervals, a — lower values category, b — higher
values category
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Relationships between SOI and
directional asymmetry in ridge counts
When studying relationships between
directional asymmetry (Table 8) of ridge
counts and SOI, a statistically signifi-
cant interaction between the effect of
sex and DAr was found on the third fin-
gers (DAr R3-L3), along with borderline
significance of interaction between the

effect of sex and DAu on third fingers
(DAr R3-L3). In both effects, cases with
more rightward dominated asymmetry
(both DAr and DAu) had more typical
sex differences in SOI (higher values in
males and lower in females) while left-
ward asymmetrical patterns belonged to
cases in which the sex differences in SOI
disappeared.

Table 8. Results of the Robust Analysis of Variance (RAOV) for the effect of DA on SOL. Tests of effects of di-
rectional asymmetry (DAr and DAu) to SO], including interactions of dermatoglyphic variables with sex;

Mean RD — mean reduction in residual dispersion

DAr sex DAr : sex
Differ  Mean F-value p-value Mean F-value  p-value Mean F-value  p-value
ence RD RD RD
R2-L2 0.1584 0.7157 0.4001 8.20195 37.0688 0.00001 0.1146 0.5179 0.4739
R3-L3 0.2949 1.1475 0.2880 3.4734 13.5140 0.0005 1.8598 7.2361 0.0090
R4-L4 0.0147 0.0599 0.8077 2.2046 9.0085 0.0043 0.3599 1.4707 0.2313
R5-L5 0.0124 0.0549 0.8159 4.3975 19.5095 0.0001 0.0875 0.3880 0.5367
DAu sex DAu : sex
Finger I\/Il{efa)n F-value p-value I\/Il{e];n F-value  p-value I\/Il{e];n F-value  p-value
R2-L2 0.1527 0.6748 0.4138 6.7970  30.0330 0.00001 0.0464 0.2049 0.6520
R3-L3 0.0150 0.0528 0.8190 3.0840 10.8790 0.0016 0.1064 0.3754 0.5422
R4-L4 0.1759 0.7206 0.4002 3.2135 13.1687 0.0007 0.8570 3.5121 0.0672
R5-L5 0.0851 0.3769 0.5426 1.8100 8.0122 0.0071 0.0320 0.1416 0.7086
tween-finger between-hand asymmetry)
Discussion and their effect on log(SOI) score values.

Main recorded effects
In this study, we attempted to search for
dermatoglyphic correlates of human soci-
osexuality. Inspired with previous prom-
ising indications of validity of within-
individual (between-fingers) contrast in
searching for sex differences (Polcerova
et al. 2023; 2022a) and environmental
factors (Kahn et al. 2001; 2008) we tested
several types within-individual dermato-
glyphic differences (within fingers,
between-finger within-hand, and be-

Recorded SOI scores and their sex differ-
ences were in congruence with previously
published studies for Czech and Slovak
population samples (Ingrova et al. 2018;
Schmitt 2005). Also, dermatoglyphic
variation in pattern frequencies and ridge
count values did not exceed obvious lim-
its of typical human variations. There-
fore, our analyses are based on common
and in no way exceptional data.

We found that males with more com-
plex patterns on the second finger tended
to occupy the lower part of the male SOI
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score distribution, while the opposite was
true for females. Other results showed
something similar for differences in the
number of ridges within and between
fingers on (mostly) L2 and L4: the more
radial the contrast, the more blurred the
sex difference was due to the shift of
SOI scores to lower values in males and
to higher values in females. Therefore,
some sort of mechanism connects derm-
atoglyphics on fingers with SOI but re-
markably often (though not exclusively),
the 224 and 4% fingers appeared in various
dermatoglyphic features in which a sig-
nificant effect was found. This applies
both for sex differences and relation-
ships with SOI. A unique nature of the
20 finger was recognized for a long time
in dermatoglyphics since it bears one or-
der (or even more) higher frequencies of
radially oriented patterns, mostly radi-
al loops and whorls with radial within-
pattern asymmetry compared to other
fingers (Cummins and Midlo 1961: 67).
The second finger is therefore the most
variable finger of all in respect to the
complexity and radio-ulnar variation of
dermatoglyphic patterns it bears. This
underlies a relatively wide range of varia-
tions that can express an influence of on-
togenetic factors. The 4® finger bears rel-
atively high proportion of central pocket
patterns (Cummins and Midlo 1961)
— their variable within-finger asymmetry
also allows relatively wide variation of
within-pattern radioulnar differences.

Interpretation of the results
It has been suggested that dermato-
glyphics is associated with sex-specific be-
havior based on the fact that the brain and
dermatoglyphics arise from the same pre-
natal ectoderm and that nerve cell migra-
tion occurs at the time epidermal ridges
are formed (Fatjo-Vilas et al. 2008; Vonk

et al. 2014). Therefore, prenatal factors,
both genetic and environmental, could
simultaneously affect both structures
— dermatoglyphics and brain substrate
for a behavior — and consequently lead to
their nonrandom associations. Although
other associations between dermato-
glyphics and psychological features have
been found (Akbarova 2018) our study is
the only one known to us where associ-
ation between SOI and dermatoglyphics
has been detected. From the prevalent
involvement of the 2" and 4 fingers we
cannot avoid an impression that the re-
sults describe an analogous situation to
one that can be found in the ratio between
the length of the 2 and 4 fingers, or dig-
it ratio, which is widely studied as a pu-
tative marker of prenatal sex steroids (re-
cently e.g., Kasielska-Trojan et al. 2024).
In dermatoglyphics, males have usu-
ally on average more complex patterns on
fingers (higher nT and nC) and larger pat-
terns (Cummins and Midlo 1961:273),
which means higher Total Finger Ridge
Count (TFRC) (Holt 1961; 1979). If
testosterone is the main factor of mas-
culinization of these dermatoglyphic
features and, at the same time, is also
responsible for masculinization of brain
dispositions for sociosexuality, increas-
ing “masculinity” of the dermatoglyphic
features should be positively correlated
with increasing “masculinity” (higher
scores) of SOI. Our result for numbers of
triradii and cores are in congruence with
this potential explanation in females but
not in males where the opposite is true.
It is difficult to discuss a congruence of
our results of the ridge-count features
(quantitative features) with assumptions
about prenatal testosterone and ridge
count, since most frequently published
TFRC results are sums of ridge counts
of all ten fingers and variations between
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individual fingers as well as within fin-
gers is lost/dissolved in these summary
variables (Jantz 2022; Polcerovi et al.
2022a). From the published studies, we
found no clue or assumption about the
possible relationship of RCu or WID
with TFRC. So, we are not able to predict
from the previously published studies if
the correlation of e.g. RCu on L2 and SOI
scores should be expected to be mild or
strong, positive or negative. Changes in
average radioulnar within-finger asym-
metries compared to healthy population
is frequently on the list of dermatoglyphic
markers of genetic diseases. The frequen-
cy of radial loops is increased in many
genetic syndromes and their abundance
can be shifted to other than the 2" finger,
e.g., in Down syndrome frequently to the
4% finger (Schaumann and Alter 1976:
55), in trisomy of the chromosome 18 to
the first, third and fifth fingers (Schau-
mann and Alter 1976: 165).

We can hypothesize that except for
serious pathological variations in derma-
toglyphic patterns related to genetic syn-
dromes or harsh environmental factors,
radioulnar and body side variation in
dermatoglyphic features vary more incon-
spicuously due to less serious ontogenetic
factors even within normal range of vari-
ation in an otherwise healthy population.
Unfortunately, radio-ulnar asymmetry
of whorl patterns is rarely expressed in
results of studies following traditional
dermatoglyphic methodology. Therefore,
in our opinion, many effects related to
radio-ulnar asymmetries within fingers
remained obscured. The only possible
clue can be the frequencies of radial loops
— their frequencies on 2™ fingers are tra-
ditionally published and their abundance
on other fingers are so small that even
without dividing results into individual
fingers frequencies of radial loops in to-

tal of all ten fingers (in normal healthy
population) reflect almost exclusively the
second fingers. However, we found only
one study which put radial loops in re-
lation with steroid hormones. In a study
of 54 males with sex hormones anom-
alies (Al-Jumaily et al. 2010), increased
frequency of radial loops was found in
the studied group compared to controls.
Unfortunately, no detailed description of
etiologies of these “hormonal anomalies”
was available in this study so we cannot
discuss it further. Since hormonal anom-
alies in males are mostly characterized by
lower levels of steroid hormones (rather
than higher), we can assume that higher
frequencies of radial loops were found in
a group of subjects with prevalently lower
steroid levels which would be in congru-
ence with our results (low WID related to
low SOI) in males. This does not agree,
however, with our results in females but
these were not involved in the discussed
study (Al-Jumaily et al. 2010).
Directional/side asymmetry (right-
left) in our sample is in congruence with
previous studies (Kunter and Riihl 1995)
— males in our sample were generally
more asymmetrical than females, except
for the third finger which is more sym-
metrical (in males DA for RCu was effec-
tively zero). However, the male asymme-
try was opposite on both sides of fingers
— RCr in males was leftward asymmetri-
cal while RCu was rightward asymmet-
rical. In males, the most asymmetrical
RCr were on the second fingers and RCu
on the 2* and the 4" fingers. In females
the asymmetry was lower and different-
ly structured between fingers. However,
highest sex differences in the side asym-
metry were on the 2™ and 4" fingers
both for RCr and RCu. Previous studies
found a relationship between right-left
directional asymmetry of dermatoglyphic
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TFRC (i.e., size of patterns and prevalence
of large patterns — mostly whorls) and
sex-dimorphic cognitive tasks (brain later-
alization); the more right directed asym-
metry - the better scoring in male-favoring
tasks (Kimura and Carson 1995; Kimura
and Clarke 2001; Sanders et al. 2002). In
our sample and methodology, however,
relationships between SOI and DA were
different in different fingers (and radial
vs. ulnar finger sides) and not significant,
except for significant interaction between
asymmetry of radial ridge-count on the 3%
finger which was in congruence with the
above-mentioned principle (more mascu-
line with more right-directed values) only
in males, but not females.

Since we are not aware of any study
focusing on the relationship between
sociosexuality and dermatoglyphics, we
can only compare our results with stud-
ies of the relationship between SOI and
the 2D:4D ratio (which is de facto a ra-
dioulnar contrast of the lengths of the
respective fingers). Clark (2004) in his
second study found a negative correla-
tion between 2D:4D ratio and SOI on
both the right and left hands in women
(consistent with the prediction from the
considered effect of prenatal androge-
nization), the relationship was statisti-
cally significant on the right hand only.
He found a similarly significant rela-
tionship in his 3rd study (Clark 2004).
In a study by Charles and Alexander
(2011), in males, SOI did not correlate
with the 2D:4D ratio on either the right
or left hand (but correlation coefficient
values were positive and higher for the
left). In females the correlation was sig-
nificant but positive (the more feminine
digit ratio the higher SOI) which contra-
dicts the prediction from the theory of
prenatal androgenization. In women in
study by DeLecce et al. (2014), SOI did

not correlate with the 2D:4D ratio on
ecither the right or left hand. Therefore,
the results of these studies (Clark 2004;
Charles and Alexander 2011; DeLecce
et al. 2014) do not show a clear relation-
ship between 2D:4D ratio and SOI logi-
cally predictable by the theory of prenatal
androgenization. This is also true more
generally for the relationship between
2D:4D ratio and sex-typicality in behav-
ior which has also been discussed previ-
ously in some studies (Cohen-Bendahan
et al. 2005; Wong and Hines 2016). As in
these studies, we can now only speculate
that the differences in the results may be
due to differences in the relative timing
of hand and brain development between
the two sexes, body sides, and different
human populations. Some studies show
a greater effect of androgens on the right
side of the body than the left, as well as
stronger relationships between behaviors
with 2D:4D ratios on the right hand than
on the left (e.g.,, Manning et al. 1998).
Studies of ridge-count radioulnar con-
trasts clearly show significantly greater
and more consistent dimorphism on the
right hand compared to the left (Polcer-
ova et al. 2022a; 2022b; Polcerovi et al.
202.3). Our present study of the relation-
ship between radioulnar contrasts and
SOI, similar to the 2D:4D ratio studies
mentioned above) also suggests ambi-
guity about which side of the body has
a stronger relationship with SOI, but the
sense of that relationship is consistent
across both hands (see further discussion
of stress).

Since direct effects of doses of genes
in sex chromosomes was accepted as the
cause of dimorphism in dermatoglyphics
(Penrose 1967), an alternative explana-
tion of the relationships between derma-
toglyphics and SOI as found in our study
could be explained exclusively on the
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genetic level. Some gene variants could
predispose their bearers both to specific
SOI and, as a side effect, specific derm-
atoglyphics. Recently, several particular
genes have been specified directly (Ho
et al. 2016) at the molecular level to be
involved in specific finger dermatoglyph-
ics, especially the gene ADAMTS9-AS2
(chromosome 3, locus 3p14.1) was iden-
tified as important in the formation of
whorl patterns (i.e., patterns prevailing
in subject with SOI not typical for a given
sex). However, relationship of this gene
with whorls were recognized not only for
the 2™ finger but for other fingers (except
for the thumb) and, thus, it does not ex-
plain our results dominated with effects
on the 2" and 4" fingers. Moreover, since
this gene (and most of other genes recog-
nized as significant in the cited study (Ho
et al. 2016)) is not located on sex chro-
mosomes we cannot avoid the need for
an additional explanation why the effect
of dermatoglyphics on SOI is opposite in
each sex. It needs to be clarified whether
the same genes also play a role in brain
development (and functioning) of neu-
ronal circuits regulating sociosexuality.
Since Bailey et al. (2000) found relatively
strong within-family additive genetic
components in sociosexuality while little
effect of shared environmental compo-
nent on sociosexuality was observed, fur-
ther searching for common molecular-ge-
netic factors of whorls patterns on fingers
and sociosexuality is a potential option.
Finally, we can open another interpre-
tation line concerning prenatal stress. It
is well known that prenatal stress and/
or various disruptors of prenatal devel-
opment can compromise fully/optimal
expression of many developing processes
(Gluckman and Hanson 2006), including
testosterone levels and sex differences of
stress effects (e.g. Barrett et al. 2014). In

rats, for instance, prenatal stress during
the late gestational period can lead to de-
masculinization of male sexual behavior
in adulthood (Coll-Andreu et al. 1989;
Velazquez-Moctezuma et al. 1993) and
masculinization in behavior of affected
females (Del Cerro et al. 2015; Kinsley
and Bridges 1988). These studies in re-
cent years have flourished within the
frame of DOHaD concept (Developmen-
tal Origins of Health and Disease) also in
humans. For instance, prenatal exposure
to phenol was negatively associated with
umbilical cord serum levels of testoster-
one (Liu et al. 2016), and, similarly, ma-
ternal urinary level of bisphenol A was
negatively associated with the left hand
2D:4D ratio of their daughters (Guo et al.
2021). We can therefore assume, that
various environmental insults can, more
or less — on a continuous scale compro-
mise the sex-typical levels of testosterone
(and more generally — typical genes — ster-
oid hormones milieu and interactions
for a given sex) and coping with and/or
adaptation to these changes might in-
clude complex shifts both in morpholo-
gy and behavior. We can notice only one
example of an old evidence mentioned
by Cummins and Midlo for two different
previously published populations - for
associations between dermatoglyphics
and schizophrenia which offered results
similar to ours for SOI: while typical sex
differences in whorls patterns frequencies
were found in controls, in schizophrenic
patients sex differences were blurred — in
males whorl frequencies were lower and
in females they were higher (Cummins
and Midlo 1961:277). A similar pattern
is represented by the effect of birth order
(the increase of which can be understood
as a worsening of complex prenatal con-
ditions) on the 2D:4D ratio (Kralik et al.
2019a), where the greatest dimorphism
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was observed in first-borns, and as birth
order increased (in secondborns and third
and higher-borns), there was an increase
(feminization) of the 2D:4D ratio in
males and a decrease (masculinization)
of the 2D:4D ratio in females, which
blurred to completely reversed the sex-
ual dimorphism of this trait. Thus, we
can speculate that our results of the re-
lationship between dermatoglyphic ra-
dioulnar contrasts and SOI show some-
thing similar: under normal conditions,
a typical dermatoglyphic dimorphism is
established while simultaneously setting
up a disposition for sex-typical sociosex-
uality. Alteration of typical prenatal hor-
mone levels for a given sex (e.g., due to
stress) alters the timing of fetal pad de-
velopment on hands and feet, resulting
in altered dermatoglyphic traits on them
(larger patterns and negative radioulnar
contrasts) and concomitant lack of di-
morphism in SOI in this group.

Limitations of the study

One of the limitations of our study is the
sample size. Despite original sample size
(N=180), readability of the dermatoglyph-
ic patterns and/or especially the individu-
al ridges for ridge-counting was limited in
some fingers due to sweat produced by skin
during scanning and/or excessive pressure
imposed to fingers. In a combination with
missing data in SOI (all 7 items should be
filled for SOI score, which was not always
the case) the final sample size in most of
the comparisons was usually lower than
one hundred subjects.

The results of our study are limited
only to this within-population variation
and should not be applied to other pop-
ulations without caution. Human popu-
lations differ both in the radioulnar ten-
dencies of the dermatoglyphic patterns on
fingers (e.g., in frequencies of radial loops)

and SOI scores and there is absolutely no
certainty that these within-population re-
lationships apply also in a between-pop-
ulation comparison. In other words, we
cannot say that a difference in WID on
the L2 between two populations would
be followed with the same change of SOI
like the same change of WID between two
groups within our studied population.

Another limitation of our study is
the unavailability of data from the 1%
finger due to method of hand scanning.
The one-off nature of the examination
of the volunteers did not allow us to
undergo repeated measurements (hand
scanning and imprinting) and proceed
SOI assessment. Finally, we have not
found any reference study of SOI in rela-
tionship with dermatoglyphics so far, so
we cannot compare our result with any
other study.

Conclusions

In our study we found that relationships
between finger dermatoglyphics and SOI
exist. As hypothesized, these relation-
ships manifested also in radioulnar ridge-
count differences (radioulnar contrasts),
but not in their whole spectrum. Rela-
tionships were observed only in some of
the differences related to specific fingers,
mostly in the 2 and 4% fingers. What-
ever prenatal factors are involved in the
SOI dispositions they should be also
somehow involved in development of fe-
tal volar pads and specific coincidence of
their regression with onset of histological
differentiation of primary dermal ridg-
es (Mulvihill and Smith 1969; Kiicken
2007).
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AssTraCT: Effective thermoregulation is crucial for maintaining homeostasis. Previous research has suggested
a link between lower steady-state body temperature and longevity, particularly in physically healthy, non-
obese older adults. However, the exact mechanisms behind this relationship remain unclear. Despite the
physiological insights gained from studies on body temperature, limited attention has been given to its
potential role as a biomarker of longevity in physically healthy older populations. This study aimed to
evaluate the relationship between body temperature and longevity using historical data from two cohorts.
The longitudinal cohort consisted of 142 individuals, followed for 25 years beginning at age 45, while the
cross-sectional cohort included 204 individuals stratified into four lifespan categories. To examine age-
related trends in body temperature, Page’s test was employed, and ordinal regression was used. The analysis
revealed a significant decrease in body temperature in women with age, while men showed no significant
change. The cross-sectional analysis indicated a trend toward lower body temperatures in individuals with
longer lifespans. Lower body temperature may reflect a reduced metabolic rate, thereby mitigating oxidative
stress and molecular damage, both of which are known to drive aging and limit lifespan. Furthermore,
lower body temperatures may signal a favorable inflammatory profile, which could translate into slower
aging and increased survival. However, the observed sex-specific differences in thermoregulatory patterns
raise important questions about the role of hormonal influences, such as estrogen levels. Overall, these
findings suggest that lower lifetime steady-state body temperature may be a biomarker of healthy aging and
longevity, warranting further exploration of its mechanistic underpinnings.
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Introduction

Identifying reliable biomarkers of healthy
aging and longevity is one of the central
challenges in biogerontology and medical
research (Martin-Ruiz et al. 2011; Dodds
et al. 2014; Arai et al. 2015; Sayer and
Kirkwood 2015; Chen et al. 2016; Davis
et al. 2016; Ferrucci et al. 2018; Levine et
al. 2018; Smith et al. 2019; Guerville et
al. 2020; He et al. 2024). Among the var-
ious candidates, core body temperature
stands out as an intriguing and potential-
ly informative biomarker (Conti 2008;
Lehmann et al. 2013; Keil et al. 2015),
as studies have associated lower tem-
peratures with longer lifespan and higher
temperatures with shorter lifespan in di-
verse species, including animal models of
aging (e.g., Caenorhabditis elegans, Dro-
sophila melanogaster, and mice) as well
as humans (Rikke and Johnson 2004;
Waalen and Buxbaum 2011; Palani et al.
2023 Chmielewski et al. 2025). Reflect-
ing the delicate equilibrium between heat
production and dissipation, body tem-
perature not only underpins homeostatic
control but also encapsulates the cumu-
lative effects of metabolic, immunologi-
cal, and environmental influences on ag-
ing organisms (Roth et al. 2002; Ruggiero
et al. 2008; Astrom et al. 2011; Soare et
al. 2011; Keil et al. 2015; Geneva et al.
2019; Lee et al. 2023; Kowald et al. 2024;
Li et al. 2024).

In healthy individuals, body temper-
ature follows a circadian rhythm, typ-
ically reaching its lowest point in the
early morning and peaking in the late
afternoon. Such diurnal fluctuations
underscore the importance of consider-
ing the timing of temperature measure-
ments, as sporadic readings may fail to
capture the basal set point that is criti-
cal for assessing long-term health and

survival (Simonsick et al. 2016). The
distinction between adaptive and mala-
daptive alterations in body temperature
is further highlighted by the differential
responses seen in hyperthermia versus
fever. Hyperthermia is characterized by
an excessive accumulation of heat that
overwhelms the body’s dissipative mech-
anisms, which is harmful to health. In
contrast, fever is a regulated increase in
the body’s temperature set point, which
is orchestrated by endogenous pyrogens
such as interleukins (e.g., IL-1, IL-6, and
IL-8), interferons (e.g., interferon-y), tu-
mor necrosis factor- etc., in response to
infectious or inflammatory stimuli. The
fever response represents an adaptive
strategy that evolved to combat patho-
gens and increase survival.

Previous studies have suggested that
lower basal body temperature may be
a biomarker of healthy aging and great-
er longevity, particularly in physically
healthy, non-obese older adults (Waalen
and Buxbaum 2011; Simonsick et al.
2016; Chmielewski et al. 2025). Howev-
er, this association remains understudied
in the Polish population, and it is unclear
whether reduced core temperature direct-
ly influences longevity or simply serves as
a surrogate marker for other health-pro-
moting processes. Enhanced immune
responses, decreased chronic low-grade
systemic inflammation (CLSI), and the ab-
sence of disease or infirmity may all con-
tribute to a reduced temperature profile,
which could also correlate with longevity
benefits in the elderly population (Franc-
eschi and Campisi 2014; Nilsson et al.
2014; Proctor et al. 2015; Chmielewski
et al. 2016; Chmielewski and Strzelec
2018; Ferrucci and Fabbri 2018).

One should consider whether there
are factors and mechanisms that under-
lie the association between lower life-
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time steady-state body temperature and
extended longevity, and, if so, identify
what they are. For instance, the phenom-
enon of lower body temperature has been
closely linked with caloric restriction
(CR), which is a well-established inter-
vention that promotes longevity across
a range of species (Colman et al. 2009;
Fontana et al. 2010; Anderson and Wein-
druch 2010; Chmielewski 2017; 2020;
Picca et al. 2017; Campisi et al. 2019;
Dorling et al. 2020; Speakman 2020; Gi-
acomello and Toniolo 2021; Hoong and
Chua 2021; Sultanova et al. 2021; Wa-
ziry et al. 2023; Di Francesco et al. 2024;
Greenbhill 2024). CR is known to induce
a metabolic shift characterized by re-
duced energy expenditure and improved
physiological efficiency, which is often
accompanied by a modest decline in core
temperature (Carrillo and Flouris 2011).

Furthermore, subclinical conditions
such as endocrine disorders, latent in-
fections (e.g., tuberculosis, hepatitis B
and C, and HIV), autoimmune disorders
(e.g., lupus), as well as insulin resistance,
metabolic dysregulation, and type 2 di-
abetes mellitus, have been linked to el-
evated body temperature and reduced
survival. Moreover, unhealthy lifestyle
factors, including chronic psychologi-
cal stress, long-term alcohol consump-
tion, and inadequate sleep, can lead to
changes in inflammatory cytokines and
white blood cell counts (Mullington et al.
2010; Knutson 2012; Chen et al. 2024).
Conversely, progressive sarcopenia and
atherosclerosis—conditions ~ common-
ly observed in older adults—can lead to
a decline in body temperature, but they
are also associated with increased cardi-
ovascular risk and premature mortality
(Barquera et al. 2015; Herrington et al.
2016; Agnelli et al. 2020; Bayraktar et al.
2020; He et al. 2021).

Despite the physiological insights
gained from studies on body tempera-
ture (Lu et al. 2010; Obermeyer et al.
2017; Diamond et al. 2021), little at-
tention has been devoted to its poten-
tial role as an independent biomarker
of longevity in physically healthy old-
er populations. Most clinical meas-
urements of body temperature are
conducted during acute illness or
hospitalization, which restricts our un-
derstanding of its normative patterns
in the context of longevity among com-
munity-dwelling older adults. This gap
is especially pronounced in historical
cohorts, where comprehensive longi-
tudinal data are extraordinarily scarce.
Consequently, key questions regarding
the typical profiles of core body temper-
ature and their association with reliable
markers of survival (e.g., inflammatory
biomarkers and epigenetic ‘clocks’]) in
long-lived versus short-lived individu-
als remain largely unexplored.

This study aims to address this gap
by analyzing both longitudinal and
cross-sectional data to investigate wheth-
er lower body temperature is associat-
ed with greater longevity in physically
healthy older adults within the Polish
population.

Materials and methods

Study Population
The study adhered to the principles of the
Declaration of Helsinki. Archival clinical
data from physical examinations at the
Mental Health Center in the vicinity of
Zielona Gora, Lubuskie Province, Po-
land, were used for this research. Ethical
approval for the study was granted by the
institutional review board in 2007 as part
of a doctoral research project. All medi-
cal records were anonymized to protect
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patient confidentiality and subsequently
used to construct a comprehensive data-
base incorporating both longitudinal and
cross-sectional data.

The longitudinal cohort comprised
142 residents (68 men and 74 wom-
en), who were monitored continuously
from ages 45 to 70 years. These individ-
uals reached the age of 70 years, after
which their outcomes were not further
tracked. The cross-sectional cohort
consisted of 204 individuals, including
98 men and 106 women, who were as-
sessed during periodic clinical exam-
inations at multiple intervals. These
participants were stratified into four
lifespan categories based on death certif-
icates: (1) short lifespan: 15 men (aged
50-58 years, mean age 53 years) and
12 women (aged 50-58 years, mean age
53 years), (2) medium lifespan: 26 men
(aged 58-65 years, mean age 63 years)
and 30 women (aged 58-65 years, mean
age 63 years), (3) long lifespan: 42 men
(aged 65-72 years, mean age 68 years)
and 40 women (aged 65-72 years, mean
age 68 years), and (4) very long lifespan:
15 men and 24 women (aged 76+). The
short lifespan category included only
individuals who lived significantly be-
low their life expectancy at birth (< e ),
while the medium and long lifespan cat-
egories contained individuals with life
expectancies close to e,. The very long
lifespan category exclusively included
individuals who surpassed 76 years,
thus exceeding the e, threshold.

Physiological Measurements
Sublingual body temperature (°C) was
measured monthly under clinical condi-
tions using a standard thermometer with
0.1°C accuracy. All measurements were
taken systematically by trained medical
personnel in standardized conditions at

the same medical institution, typically in
the morning. This study used only aver-
aged data derived from 60 measurements
per 5-year period for each individual in
the longitudinal cohort, resulting in 300
measurements per person over the entire
study period.

In the cross-sectional cohort, each
individual contributed at least several
dozens of measurements. These rigorous
data collection practices ensured statis-
tical robustness. Comprehensive details
regarding the study cohorts, including
the daily routines of patients and med-
ical staff, as well as the data collection
procedures, have been documented in
previous publications (Borystawski et al.
2015; Chmielewski et al. 2015; 2016;
2017; 2025).

Statistical Analysis

To calculate reliable estimates of central
tendency and variability, we aggregated fre-
quently repeated measurements for each
participant, including arithmetic means,
medians, percentiles, and standard devi-
ations (SDs). This approach minimized
variability and enhanced the reliability of
the findings. The normality of data distri-
bution was tested with the Shapiro-Wilk
test (Shapiro and Wilk 1965). The signifi-
cance level was set at 0.05.

To examine whether a trend exists in
body temperature with age, Page’s test
(Page 1963) was employed. This test
serves as an alternative to Friedman's
test and has greater statistical power. The
null hypothesis in Page’s test, similar to
Friedman’s test, assumes equality among
the measures of central tendency across
all analyzed groups. However, the alter-
native hypothesis in Page’s test differs
from that in Friedman’s test. It posits
that for the measures of central tendency
inn studied groups—0,, 0,,0,, ..., 6, —the

17 7 3t
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following sequence of inequalities holds:
0,<0,<0,<..<6, with at least one
stnct 1nequahty ThlS implies the pres-
ence of an increasing trend in the meas-
ures of central tendency. In the present
analysis, this would correspond to an
increase in the median values of the
studied variables across successive age
groups: 45, 50, 55, 60, 65, and 70 years.

Ordinal regression was conducted us-
ing the Cumulative Link Model (CLM),
which accounts for covariates and pro-
vides a robust framework for modeling
ordinal outcomes. All statistical anal-
yses were performed using R software
(R Foundation for Statistical Computing,
Vienna, Austria).

Results

Longitudinal Cohort

The normality of data distribution was
confirmed by the Shapiro-Wilk test (p >
0.05). In men, no significant change in
body temperature was observed over the
study period (Table 1, Fig. 1), as Page’s
test did not reveal any significant in-
creasing or decreasing trend in body tem-
perature for men (test statistic = 4965.5;
p = 0.692). In contrast, for women,
Page’s test identified as significant de-
creasing trend (test statistic = 5876;
p < 0.05), indicating a significant decline
in body temperature associated with ag-
ing (Table 2, Fig. 1).

Table 1. Basic descriptive statistics of age-related changes in body temperature in the longitudinal data for

men who were examined for 25 years, starting from age 45 onwards

Men

Age

Min Q, Median Q, Max Mean + SD
45 36.0 36.4 36.6 36.7 37.2 36.6 = 0.2
50 36.2 36.5 36.6 36.6 37.0 36.6 £ 0.2
55 36.0 36.5 36.6 36.7 37.0 36.6 = 0.2
60 36.3 36.5 36.6 36.7 37.0 36.6 £0.2
65 36.2 36.5 36.6 36.7 36.9 36.6 = 0.2
70 36.0 36.4 36.6 36.7 37.2 36.6 £ 0.1

Table 2. Basic descriptive statistics of age-related changes in body temperature in the longitudinal data for

women who were examined for 25 years, starting from age 45 onwards

Women

Age

Min Q Median Q, Max Mean + SD
45 35.8 36.4 36.5 36.6 37.0 36.5+0.3
50 36.0 36.4 36.5 36.6 36.9 36.5 0.2
55 36.0 36.5 36.6 36.6 36.9 36.6 = 0.2
60 36.2 36.5 36.6 36.6 36.9 36.6 £0.2
65 36.2 36.5 36.6 36.7 37.0 36.6 0.2
70 36.2 36.5 36.6 36.8 37.1 36.6 £0.2
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Fig. 1. Age-related trends in body temperature for men (panel A) and women (panel B) based on longitudinal

data, stratified into six consecutive age categories. In the box-and-whisker plots, the bold line within

each box represents the median, while the lower and upper edges denote the first and third quartiles,

respectively. Whiskers extend to the most extreme values within 1.5 times the interquartile range from

the quartiles, and values beyond this range are plotted as outlier points

Cross-Sectional Cohort
The basic descriptive statistics for men
and women in the cross-sectional cohort
are summarized in Tables 3 and 4, respec-
tively. Age-related changes in measures
of central tendency, along with standard
deviations across consecutive lifespan

categories, are presented in Fig. 2. The
cross-sectional analysis revealed a trend
toward lower body temperatures in long-
live men and women, but it was statis-
tically non-significant (p > 0.05). The
results of the CLM analysis for men and
women are provided in Table 5.

Table 3. Basic descriptive statistics of survival-related changes in body temperature in the cross-sectional
data for men who were examined for several years until their death

Lifespan Men

category Min Q, Median Q, Max Mean + SD
Short 36.3 36.4 36.7 36.8 36.9 36.6 = 0.2
Medium 36.0 36.5 36.6 36.6 36.8 36.5 = 0.2
Long 36.2 36.5 36.5 36.6 37.0 36.5=0.2
Very long 36.0 36.4 36.6 36.6 36.7 36.5 = 0.2

Table 4. Basic descriptive statistics of survival-related changes in body temperature in the cross-sectional
data for women who were examined for several years until their death

Lifespan Women

category Min Q, Median Q, Max Mean + SD
Short 36.0 36.5 36.6 36.8 36.9 36.6 0.2
Medium 36.3 36.5 36.6 36.7 37.0 36.6 = 0.2
Long 36.0 36.5 36.5 36.6 37.0 36.5+0.2
Very long 36.0 36.5 36.6 36.7 36.8 36.5 + 0.2
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Fig. 2. Survival-related trends in body temperature for men (panel A) and women (panel B) based on
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within each box represents the median, while the lower and upper edges denote the first and third quar-
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Table 5. Cumulative Link Model (CLM) outcomes in both sexes

Sex Estimate Standard z-value Pr(>]|z|) Odds Ratio 2.5% 97.5%
Error
Men -1.892 1.086 -1.742 0.0815 0.1508 0.0172 1.236
Women -1.486 0.948 -1.568 0.1169 0.2262 0.0344 1.442
Discussion data, which categorized individuals by

This study builds on previous research
investigating the relationship between
resting body temperature and longevity
(Chmielewski et al. 2015; 2025) by ana-
lyzing historical data from long-term res-
idents of the same mental health center.
The findings offer novel insights into the
association between body temperature
and long-term survival. Specifically, the
analysis revealed sex-specific differences
in long-term trends, warranting further
investigation into the link between lower
body temperature and increased longevity.

The longitudinal analysis showed
that body temperature declined with
advancing age in women, while no sig-
nificant age-related trend was observed
in men. Similarly, the cross-sectional

lifespan, revealed a downward trend, with
older individuals tending to have lower
body temperatures compared to those
with shorter lifespans. Although this
difference did not reach statistical signif-
icance, it suggests a potential trend wor-
thy of further exploration. For instance,
it was claimed that because women gen-
erally have a higher body temperature
than men—and yet consistently outlive
them—it is unlikely that core body tem-
perature affects longevity (see Introduc-
tion). However, studies have shown that
women have only a slightly higher body
temperature than men (approximately
0.5 °C, largely attributable to tempera-
ture fluctuations during the menstrual
cycle, which diminish after menopause),
and our analysis clearly demonstrated
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that during the study period—between
the ages of 45 and 70—a statistically
significant reduction in body tempera-
ture occurred in women but not in men.
Thus, since only women experienced
a significant reduction in body tempera-
ture while living longer, the notion that
core body temperature does not affect
human longevity becomes less tenable.

This serves as an example of the chal-
lenges in redefining classical models and
views on aging in light of emerging ex-
perimental evidence (Chmielewski 2017;
2020). One classical theory on the evo-
lution of aging is the Disposable Soma
Theory of Aging (DSTA), formulated
by Thomas Kirkwood (1977), which pos-
its that aging evolved as a byproduct of
natural selection due to an evolutionary
trade-off between resources allocated to
somatic maintenance and sexual repro-
duction—that is, the more an organism
invests in sexual reproduction, the less
is available for somatic maintenance,
and vice versa (Kirtkwood and Holliday
1979; Kirkwood and Rose 1991; Drenos
and Kirkwood 2005). This influential,
mathematically rigorous, and elegant the-
ory holds that our bodies can be considered
as disposable ‘containers’ for our genes
and that, beyond an ‘essential lifespan’
(roughly between 35 and 45 years), they
begin to deteriorate because evolution did
not expect them to function indefinitely or
much longer than this critical period, e.g.,
due to the selection shadow (Chmielewski
2017; 2019).

Although alternative models have
been proposed (Maklakov and Chapman
2019; Speakman 2020; Carlsson et al.
2021; Gems 2022; Lemaitre et al. 2024;
Mitchell et al. 2024), including mark-
edly different perspectives (Longo et al.
2005; Longo and Anderson 2022), the
DSTA remains one of the more robust

and influential frameworks in current
biogerontology (Jasienska 2009; Ham-
mers et al. 2013; Ziomkiewicz et al.
2016; Jasienska et al. 2017; Collins et
al. 2023). Indeed, the DSTA can help
elucidate our findings: despite investing
more in sexual reproduction, women
still live longer than men. Furthermore,
the higher core body temperature that
women experience during their fertile
period (e.g., due to hormonal changes
during the menstrual cycle) may repre-
sent one example of the biological costs
of reproduction that women incur. Taken
together, these findings suggest that low-
er lifetime steady-state body tempera-
ture may be associated with increased
longevity. This finding is in agreement
with previous studies (Rikke and John-
son 2004; Waalen and Buxbaum 2011;
Simonsick et al. 2016; Palani et al. 2023
Chmielewski et al. 2025).

We hypothesize that a lower body tem-
perature may reflect a reduced basal met-
abolic rate (BMR), which is a condition
that has been associated with decreased
production of reactive oxygen species
(ROS) and a consequent reduction in
cumulative molecular and cellular dam-
age. In animal models, lower metabolic
rates have been correlated with extended
lifespans, positing that slower metabolic
rates may help to mitigate the deleterious
effects of oxidative stress. Additionally,
the possibility exists that lower body tem-
perature is indicative not only of reduced
metabolic activity but also of a more fa-
vorable inflammatory profile, as elevated
body temperature may signal the presence
of chronic systemic inflammation, sub-
clinical diseases, latent infections, or au-
toimmune processes—conditions that are
known to contribute to age-related mor-
bidity and mortality (Chmielewski 2018;
Chmielewski and Strzelec 2018). Our ob-
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servation that short-lived individuals tend
to have higher temperatures suggests that
elevated body temperature could indicate
an underlying, suboptimal inflammatory
state. This may predispose aging individu-
als to earlier mortality. Conversely, a lower
body temperature in long-lived individuals
could denote a more robust immune sys-
tem or an absence of deleterious inflamma-
tory activity, thereby supporting longevity.

The sex-specific divergence observed
in our study enriches the discussion.
Women not only displayed a significant
decline in body temperature with advanc-
ingage, but they also, as other studies have
shown, tend to have slightly higher base-
line temperatures than men, yet wom-
en consistently outlive men (McGann
et al. 1993; Chmielewski 2015; 2016;
2022; 2024; Keil et al. 2015; Chmielews-
ki and Borystawski 2016; Baum et al.
2021; Ongel et al. 2021; Chmielewski
et al. 2023). The dichotomy between the
temperature trends observed in men and
women raises intriguing questions about
the underlying physiological mechanisms
at play. It is possible that hormonal dif-
ferences, variations in body composition,
or disparities in the prevalence of auto-
immune conditions contribute to these
sex-specific patterns. For instance, the
higher propensity for autoimmune disor-
ders among women might initially elevate
body temperature (Dolgin 2024). Howev-
er, as adaptive mechanisms evolve, a sub-
sequent decline might reflect a rebalanc-
ing that ultimately favors longevity. In
contrast, the absence of a similar trend
in men could indicate that other compen-
satory mechanisms, such as differences
in metabolic regulation or thermogenic
responses, come into play.

The interplay between body mass in-
dex (BMI), systemic inflammation, and
body temperature should not be over-

looked. Prior research has documented
a positive association between higher BMI
and increased body temperature, as well as
between elevated temperature and high-
er mortality rates (Waalen and Buxbaum
2011; Simonsick et al. 2016; Chmielewski
et al. 2025). It is plausible that individuals
with a lower BMI, who may also experi-
ence reduced systemic inflammation, are
more likely to exhibit a lower steady-state
temperature and, consequently, a longer
lifespan. This hypothesis is further bol-
stered by the observation that higher white
blood cell counts—often reflective of ongo-
ing inflammatory processes—are associat-
ed with poorer health outcomes in older
adults (Ruggiero et al. 2007; Nilsson et al.
2014; Chmielewski 2018; Chmielewski
et al. 2016; Chmielewski and Strzelec
2018). The converging lines of evidence
thus suggest that a low basal temperature
might be more than a passive marker of
metabolic rate; it could also be a surrogate
for an overall anti-inflammatory state that
is conducive to healthy aging.
Notwithstanding the implications of
these findings, several limitations must
be acknowledged. First, the reliance on
historical data from a specific institu-
tionalized population raises questions
about the generalizability of the results to
the broader aging population, as clinical
data may be affected by confounding var-
iables (Chmielewski et al. 2015; 2016;
2025). Second, the cross-sectional com-
ponent, while suggestive of a relation-
ship between temperature and longevity,
is inherently limited by its observational
nature and the potential for confounding
variables—such as undiagnosed subclin-
ical conditions or lifestyle factors—that
may not have been fully accounted for.
Despite these constraints, our study
contributes to a growing body of literature
that challenges traditional interpretations
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of age-related thermoregulatory decline.
Rather than viewing lower body tempera-
ture simply as a result of diminished ther-
moregulatory function in the elderly, our
findings raise the possibility that a lower
steady-state temperature may be an adap-
tive trait reflecting a finely tuned balance
between metabolic efficiency, immune
function, and systemic inflammation.
This interpretation suggests that effective
interventions targeting the underlying
mechanisms of aging could one day offer
novel strategies for promoting longevity
(Chmielewski et al. 2024; Li et al. 2024,
Mahoney et al. 2024).

Future investigations should aim to
clarify these relationships by employing
prospective, population-based designs
with rigorous standardization of temper-
ature measurements. Such studies would
benefit from the inclusion of a comprehen-
sive set of biomarkers, including detailed
assessments of metabolic rate, inflamma-
tory mediators, and immune function,
in order to disentangle the complex in-
terdependencies underlying the observed
associations. Furthermore, exploring the
molecular and genetic determinants of
thermoregulation across different popula-
tions could provide insight into why some
individuals exhibit lower baseline temper-
atures and enjoy a survival advantage.

In conclusion, this study offers pre-
liminary evidence suggesting that lower
lifetime steady-state body temperature
could be a biomarker of longevity. The
observed trends, suggesting that long-
lived individuals tend to have lower body
temperature, support the hypothesis
that a lower metabolic rate and reduced
systemic inflammation are beneficial
for survival. However, the sex-specific
differences and the lack of statistically
significant differences between lifespan
categories caution against oversimplifica-

tion and highlight the complexity of the
relationship between body temperature
and longevity. Our findings also empha-
size the need for further research to clari-
fy the causal pathways and potential clin-
ical implications of these associations.
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AssTrACT: The study of sexual dimorphism among ancient skeletons can provide information on community
health in the past. Meanwhile, the younger geological age of skeletal remains from Gilimanuk, Semawang,
and Plawangan have received little attention. This study aimed to evaluate the sexual dimorphism in
estimated stature of Gilimanuk, Semawang, Plawangan, in addition to a recent sample, of long bones.
Observations were conducted on 44 (16 males, 28 females) skeletal remains of Gilimanuk, nine of
Semawang (five males, four females) and 11 of Plawangan, (four males, seven females), and nine of recent
(four males, five females) human skeletons stored at Universitas Gadjah Mada, Yogyakarta, Indonesia.
Stature was estimated from the length of long bones. The highest average stature in the ancient sample
was for Gilimanuk females (168.74 = 9.18 cm) and males (174.10 = 9.42 cm) in the age 16-<20 years.
However, the averages of estimated stature in all ages were similar in both sexes. The average estimated
stature of Semawang and Plawangan remains was slightly lower than those of Gilimanuk remains, i.e.,
162.60 = 3.97 and 159.08 + 1.59 cm, respectively. In comparison, the recent human skeletons indicated
that the average estimated stature was 168.32 + 4.70 for males and 160.45 + 6.89 cm for females. Our
findings indicate that long bone measurements are comparable among remains from each sample. However,
sexual dimorphism in estimated stature was clearly greater in recent human remains in comparison to
Gilimanuk, Semawang, and Plawangan skeletal remains. Our findings suggest temporal changes in stature
in this part of Indonesia.
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Introduction

Sexual dimorphism characterizes varia-
bility in the morphology of different sexes
(male and female) in a population. Sexual
dimorphism, which exists in human skel-
etons, can be more prominent in certain
parts, and less prominent in other parts,
of bones. For example, one study in a Thai
sample indicated that the length of the up-
per limb bone in males was significantly
longer in all dimensions compared to fe-
males (Duangto and Mahakkanukrauh
2019). Studies on sexual dimorphism of
human skeletal remains can also provide
information on the variability in biological
traits and behaviors, and aid in identifying
secular and evolutionary trends of past
populations (Kay 1982; Dong 1997). For
example, a study of the Pre-Hispanic Maya
Coastal Population in Mexico conducted
by Wanner et al. (2006), reported sex differ-
ences in occupations can be observed from
sexual dimorphism in bone structures.
Wanner et al. (2006) found a difference in
the robustness in the upper limbs caused
by the division of daily occupations, such
as the use of different tools and methods
of carrying heavier burdens by mostly the
males. Generally, males look more robust
with broader shoulders when compared to
females (Wanner et al. 2006). It was also
suggested that males tend to be more eas-
ily affected by poor nutritional conditions
compared to females. When males receive
poor nutritional quality, they tend to have
a decrease in the length of their long bones,
which may affect their stature. Meanwhile,
fluctuations in nutritional quality do not
necessarily have similar effects in females
(Gray and Wolfe 1980).

In archaeology and forensic anthropolo-
gy, an individual’s stature can be estimated
using a regression formula applied to their
skeletal remains. Such formulae are typi-

cally based on maximum lengths of given
long bones, since there is a good correlation
between long bone lengths, such as the fe-
muyr, and living height. Stature estimation
regression formulae should be ancestry
specific. Estimating stature for remains
with Asian ancestry is often done using the
Trotter and Glesser (1958) method. There
are several other formulae, such as Sangvi-
chien et al. (1985), and Mahakkanukrauh
et al. (2011), but these may need further
investigation for their application due to
some limitations. For example, Sangvi-
chien et al. (1985) used 200 long bones (fe-
muy, tibia and fibula) from a Thai and Chi-
nese sample. Only the leg bones, not arm
bones (humerus, radius, and ulna), were
considered. While the Mahakkanukrauh
et al. (2011) study developed a formula for
all long bones, it has a high standard er-
ror obtained from female skeletal remains.
While the regression formula by Trotter
and Gleser (1958) is currently considered
a better choice in determining individual’s
stature in Asia, it must be noted that sev-
eral caveats have also been noted regarding
its suitability in studies on sexual dimor-
phism (see Jeong and Jantz 2016).

The Gilimanuk (Indonesia) skeletons
have received little attention in the bioar-
cheological literature. Koesbardiati et al.
(2013) used Gilimanuk remains to exam-
ine past genetic variation in this popula-
tion. Other studies used these skeletal re-
mains to explain health conditions in the
past (Prayudi and Suriyanto 2017; 2018).
Indriati (2002) also studied human bones
from the Gilimanuk prehistoric popu-
lation and compared them to the meas-
ured stature of students in Yogyakarta and
several other populations worldwide. The
study found that there was no substantial
variation in human stature in Indonesia
within two millennia. The stature of In-
donesians was intermediate relative to
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stature of other populations globally; in
a similar range with several other Asian
groups, including those from Hongkong,
Taiwan, Thailand, and India, but lower
than Europeans and Americans.

The Semawang site is located in Sa-
nur Beach, Bali, Indonesia. Herbiamami
(2014) discovered several ancient people
buried at the Semawang site with modified
teeth. Aside from that, the Semawang pop-
ulation have a poor life expectancy, with
mortality occurring at the age of 40 years
or younger. Whereas, the Plawangan site
on the northern shore of Java, Indonesia,
has received increased attention for Pale-
ometallic artefacts. According to Boedhis-
ampurno (1990), most of the individuals
discovered during excavations at the Pla-
wangan site were young adults with an av-
erage stature of 160.4 cm. The differences
in the skull, bones, and teeth, as well as
the altered form of the teeth, bring them
closer to the Mongoloid characteristics, yet
the Australomelanesoid traits are retained.
Damai (2023) concluded that, based on the
skeleton, the Plawangan population was
an agricultural community, but also re-
lied on the sea for sustenance. Meanwhile,
Yuniawan (2002) found that there was no
association between health and economic
conditions in Plawangan population.

The present study builds on this ear-
lier research to better understand the
health and adaptive success of individ-
uals in Indonesia by identifying intrap-
opulation and evolutionary trends (Khu-
daverdyan and Hobossyan 2017). While
the use of human skeletons from the past
as material for medical research has been
widely done to determine the history of
health and diseases in some countries, in
Indonesia this approach is very limited.
This study aimed to examine the sexual
dimorphism in estimated stature of Gil-
imanuk, Semawang, and Plawangan and

a more recent sample of long bones from
Indonesia to discuss whether there has
been a temporal trend in health change.

Materials and Methods

Sample

This research was conducted at the Lab-
oratory of Bioanthropology and Paleoan-
thropology, Faculty of Medicine, Public
Health and Nursing, Universitas Gadjah
Mada, Yogyakarta, Indonesia where these
skeletal remains were stored after exhu-
mation. Data collection was done in 202.3.
The materials used were human skeletal
remains including 44 individual skeletal re-
mains from the Gilimanuk site (16 males,
28 females), nine from the Semawang site
(five males, four females), 11 from the Pla-
wangan site (four males, seven females),
and nine from recent age (four males, five
females). The recent age skeleton samples
were anatomical samples stored at the Lab.
of Bioanthropology & Paleoanthropology,
Faculty of Medicine, Public Health, and
Nursing Universitas Gadjah Mada, Indo-
nesia during the Middle of 20% Century.
It was ensured that the skeletons had long
bones with no or little damage, and that
adult age-at-death and sex was estimated,
so that stature estimation formulae could
be applied. Figure 1 depicts the sites of Gil-
imanuk, Semawang, and Plawangan on
a map of Indonesia.

The Gilimanuk ancient burial site had
been used since 750 BCE up to 900 CE
based on radiocarbon dating on charcoal
and bone fragments of four individuals
from the site (Aziz and Faisal 1997). The
discovery of the Gilimanuk site was report-
ed by Public Works Office workers while
employed at the construction of the Gili-
manuk - Singaraja road where they found
a large number of pottery shards, with sev-
eral archaeological objects such as a square
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pickaxe, animal and human bones in the
Cekik Village, Gilimanuk, Bali Province,
Indonesia. The first research on this site
was conducted in 1962-1963 by Soejono
from the Bedulu National Archaeological
and Heritage Branch Office in Gianyar.
Subsequent studies have continued and
uncovered 160 individuals (Soejono 1977).

The other archaeological sites in the
present study are the Semawang and
Plawangan. Semawang is located about
10 m next to Sanur Beach in Semawang
Village, Sanur District, Badung Regency,
Bali Province, Indonesia (Harkatiningsih
1990). The Semawang site was first dis-
covered by local people when they dug
a septic tank in 1986, followed by a study
that resulted in the discovery of the grave.
Significant archaeological finds from the
site included various kinds of ceramics
that vary in age from the 10* to 17" cen-

turies (Harkatiningsih 1990). Whereas,
Plawangan is an archaeological site from
prehistoric times located in Plawangan
and Balongmulyo villages, Kragan, Rem-
bang District, Central Java province, In-
donesia covering an area of approximately
90 hectares, and about 500 m from the
coastline 4 m above sea level. This site is
not only a burial site but also a residential
site with relics such as pottery, pendulum
nets, hooks and coins. Food remains ob-
tained from the site were shellfish, snails
and marine fish which indicated that the
people who lived in Plawangan were fish-
ermen (Boedhisampurno 1990; Prasetyo
1995). The Plawangan site was discovered
in 1977 by the local community while
building the groundwork for the village
hall. Subsequently, archaeological survey
research was conducted and unearthed
many prehistoric graves (Prasetyo 1995).

A Scale 1 ; 17500000
(1]

S00

Gilimanwk Sites

Fig.1. Gilimanuk, Semawang, Plawangan, and recent sites in Indonesian Map



Sex Dimorphism in Long Bone Structures of Gilimanuk Remains 83

Procedure

First, we observed the condition of the
human skeletons to identify those that
are in good condition, then we estimated
sex by assessing bones that have sexual-
ly dimorphic traits on the pelvis or skull
based on Walker in Buikstra and Ubelak-
er (1994). We used parts of the skull such
as the nuchal crest, mastoid process, su-
praorbital margin, glabella, and mental
eminence. Meanwhile, sex estimation
using the pelvis was done by examining
the greater sciatic notch, ventral arc, sub-
pubic concavity, and ischiopubic ramus.
Second, we estimated the age-at-
death by assessing the auricular surface,
pubic symphysis, or the condition of the
sutures in the skull. Estimation of age-
at-death was carried out by examining
several criteria, including the degree of
closure of the cranial sutures based on
Walker in Buikstra and Ubelaker (1994),
the degree of fusion of the epiphyses
of the bone based on McKern and Stew-
art (1957), the pattern of changes in the
surface of the pubic symphysis based on

Todd (1920), and changes in auricular
surface based on Lovejoy et al. (1985).

Third, we measured the long bones
including: humerus, radius, ulna, fe-
mur, tibia, and fibula. To provide valida-
tion, measurements were made by two
research assistants who had skills and
knowledge of measuring human skele-
tons using calibrated and standardized
calipers (GPM, Swiss).

Stature estimation was done by enter-
ing the bone length measurements into
the regression formula of Trotter and
Gleser (1958) as showed in Table 1.

Individual ages were grouped based
on a 10-year time span, to see significant
growth in stature. These groups were:

1. < 16 years

2. 16 - <20 years

3. 20 — <30 years

4. 30 — <40 years

5. >40 years

Several bone structures were also ob-
served and measured in addition to the
maximum length of the bones (see Ta-
ble 2). Measurements were done follow-
ing the procedures of Olivier (1969).

Table 1. Regression formula for stature estimation based on Trotter and Gleser (1958)

No. Bones Formula
Single bone
1. Humerus 2.68 Humerus + 83.19 * 4.25
2. Radius 3.54 Radius + 82.00 = 4.60
3. Ulna 3.48 Ulna + 77.45 = 4.66
4. Fibula 2.40 Fibula + 80.56 = 3.24
5. Tibia 2.39 Tibia + 81.45 = 3.27
6. Femur 2.15 Femur + 72.57 = 3.80
Combined bones
7. Humerus and Ulna 1.68 (Humerus + Ulna) + 71.18 = 4.14

Humerus and Radius
9. Femur and Humerus

10. Femur and Tibia

1.67 (Humerus + Radius) + 74.83 = 4.16
1.22 (Femur + Fibula) + 70.24 + 3.18
1.22 (Femur + Tibia) 4+ 70.37 = 3.24




84 Janatin Hastuti, Ashwin Prayudi, Neni Trilusiana Rahmawati et al.

Table 2. The long bone measurements

Bones

Measurements

Humerus

Maximal length

Transverse diameter of diaphysis

Radius

Maximal diameters of medial diaphysis

Antero-posterior diameters of medial diaphysis

Minimal circumference of diaphysis

Maximal length

Ulna

Minimal circumference of diaphysis

Maximal anteroposterior diameters of diaphysis

Maximal transverse diameters of diaphysis

Maximal length

Femur

Trochanter lengths

Maximal lengths

Circumference of medial diaphysis

Transverse diameter of medial diaphysis

Transverse sub-trochanteric diameter

Antero-posterior sub-trochanteric diameter

Transverse diameters of head

Sagittal diameters of head

Collo-diaphyseal angle

Divergent angle

Tiba

Maximal length without tibial spine

Width of superior epiphysis

Transverse diameter of diaphysis

Maximal length

Data analyses were performed using
descriptive analysis (average, standard
deviation (SD), minimum-maximum).
Comparative analysis is used to compare
the estimated stature based on age and
sex of the Gilimanuk, Semawang and
Plawangan remains with recent Javanese
skeletal remains.

Results

The estimation of stature from the max-
imum length of long bones of the pre-
historic Gilimanuk sample is shown in

Table 3, which is separated by sex and
categorized into several age-at-death
groups. The highest estimated stature
is found in male individuals aged 16 -
<20 years and in females aged > 40
years. The highest average for males and
females was found in the age range of
16 — <20 years (168.74 = 9.18 cm), with
the average estimated stature of males in
that age range being the highest average
stature in the entire Gilimanuk sample
(174.10 = 9.42 cm). The average esti-
mated stature of males and females is al-
most similar i.e., approximately 164 cm.
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Table 4 shows estimated stature of
males and females from Semawang and
Plawangan skeletal remains. It can be
seen that in contrast to Gilimanuk,
the highest estimated stature for males
of Semawang and Plawangan remains
is in the age range of >40 which also

has the highest average estimated stat-
ure (166.31 = 1.52 cm). Meanwhile,
females, the highest average estimat-
ed stature was found in the age range
of 20 - <30 years (160.51 cm). Males
are about 3 cm taller than females (Ta-
ble 4).

Table 3. Stature estimation of Gilimanuk skeletal remains

Age at death N Average Estimated Stature SD Minimum Maximum
Male
16 - <20 2 174.10 9.42 167.44 180.77
20 - <30 10 164.40 6.77 151.23 174.75
30 - <40 3 160.84 5.41 157.36 167.07
>40 1 163.41 - 163.41 163.41
Total 16 164.88 7.23 151.23 180.77
Female
16 - <20 2 168.74 9.18 162.25 175.24
20 - <30 12 163.12 5.99 152.10 171.21
30 - <40 8 165.11 3.45 159.17 170.56
>40 6 162.78 8.11 155.28 178.37
Total 28 164.01 5.98 152.09 178.37

Age at death in year; N: number of specimens; SD: standard deviation; estimated stature in cm

Table 4. Stature estimation of Semawang and Plawangan skeletal remains

Age at death N Average Estimated Stature SD Minimum Maximum

Male

20 - <30 2 160.40 3.80 157.71 163.09

30 - <40 1 159.57 - 159.57 159.57

>40 2 166.31 1.52 165.24 167.39

Total 5 162.60 3.97 157.71 167.39
Female

16 - <20 2 159.58 2.64 157.40 158.88

20 - <30 1 160.51 - 160.51 160.51

30 - <40 3 158.27 0.77 157.71 161.45

Total 6 159.08 1.59 157.40 161.45

Age at death in year; N: number of specimens SD: standard deviation; estimated stature in cm
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In our sample of recent population, the
age-at-death range cannot be determined
because there was no available data from
the collections and only a little information
about age can be identified. Males are on
average 8 cm taller than females (Table 5).

Tables 6-7 present the sexual dimor-
phism characteristics of upper and low-
er limb bone remains from Gilimanuk,
Semawang, Plawangan, and recent hu-
mans. Several bone structures in humerus,
radius, ulna, femur, and tibia were com-
pared among males and females from Gili-
manuk, Semawang, Plawangan, and recent
human remains. The measures vary con-
siderably among population remains; how-
ever, the values are comparable. Humerus,

radius, ulna, and tibia of males had great-
er maximum length of long bones than
females in all population remains. The
differences were not seen in femur meas-
urements which had almost comparable
length between males and females in all
sample populations. More detailed struc-
tures in each of the long bones also were
highly varied between males and females
in the population remains. For examples,
transversal diameter of diaphysis of hu-
merus were greater in females than males
in all populations except in the Semawang
remains. The minimal circumference of
diaphysis of radius, however, was greater
in males than females in all populations,
except in the Plawangan remains.

Table 5. Stature estimation of male and female recent skeletal remains

N Average Stature SD Minimum Maximum
Males 5 168.32 4.70 161.65 174.89
Females 4 160.45 6.89 150.76 166.73

N: number of specimens; SD: standard deviation; estimated stature in cm

Table 6. Sexual dimorphism characteristics of upper limb bone remains from Gilimanuk, Semawang,

Plawangan, and recent human

Gilimanuk

Semawang

Plawangan Recent

Bone and structures Male  Female

Male

Female Male Female Male Female

Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)

Humerus

Transverse diameter of 21.7 22.9 18.9 16.0 17.2 19.0 16.7 18.4
diaphysis (3.8) (14.1) (3.1) (1.9) (3.9) (1.5) (2.9) (2.3)
Maximal length 308.0 294.3 319.2 280.8

(16.1) (19.9) 2900 1680 2805 =gy (177
Radius
Maximal diameter of 15.9 15.8 16.2 12.0 14.0 16.4 13.1 95
medial diaphysis (3.5) (6.3) (2.4) ’ (1.4) (1.7 (0.7) ’
Antero-posterior diame- 15.6 12.1 11.4 95 10.0 10.8 10.3 75
ter of medial diaphysis (7.4) (2.2) (1.3) ’ (1.0) (0.9) (0.8) ’
Minimal circumference 47.0 42.8 46.3 40 39.8 45.0 41.6 36.0
of diaphysis (11.6) (6.4) (1.9) (4.5) (3.5) (3.1) ’
Maximal length 251.8 214.1 245.4

(23.3) (56.6) 235.0 - 222.5 240.0 (10.5) 196.0
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Gilimanuk Semawang Plawangan Recent
Bone and structures Male Female Male Female Male Female Male Female
Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)
Ulna
Minimal circumference 40.2 39.1 37.3 33.0 26.3 37.0 35.5 29.6
of diaphysis (8.2)  (6.6) (1.1 : (12.9)  (1.7) (1.5  (3.6)
Maximal antero-posterior ~— 24.7 31.2 32.0 1.00 3l.4 29.6 33.5 29.8
diameter of diaphysis (8.8) (9.9) ’ ’ (3.7) (2.6) (2.1) (1.1)
Maximal transverse 21.1 26.4 22.0 15.0 26.5 20.4 24.1 21.8
diameter of diaphysis (6.8) (9.3) ’ ’ (0.6) (3.6) (1.0 (0.8)
Maximal length 239.8 254.3 235.7 264.6 241.8
(18.8) (230 2900 = 2405 Teq (104)  (74)

Avg: average; SD: standard deviation; measurement unit is in mm

Table 7. Sexual dimorphism characteristics of lower limb bone remains from Gilimanuk, Semawang,

Plawangan, and recent human

Gilimanuk Semawang Plawangan Recent

Bone and structures Male Female Male Female Male Female Male Female

Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)

Femur

406.3 353.0 345.3 341.3
Trochanter length 403.0 (18.) (7.3) - 336.5 33.7.4 (27.2)  (34.9]
Circumference of medial 90.2 83.3 85.8 77.0 76.0 84.3 74.6 76.0
diaphysis (6.5) (7.3) (6.6) (5.2) (1.7) (5.0) (7.0) (9.2)
Transverse diameter of 25.8 27.9 25.9 23.7 24.5 24.9 22.3 23.8
medial diaphysis (2.1)  (13.9) (3.1)  (1.8) (1.5  (2.0)  (2.8)  (1.6)
Transverse sub-trochan- 33.1 34.9 32.2 27.0 26.3 28.9 25.4 26.8
teric diameter (3.1) (17.1) (1.6) ’ (1.5) (3.6) (0.5) (2.7)
Antero-posterior sub-tro- 30.3 28.5 28.4 22.0 22.0 2.53 22.6 20.7
chanteric diameter (4.9) (4.0) (4.7) ’ (1.9) (2.4) (1.6) (4.0)
Transverse diameter of 43.8 42.5 45.5 B 395 41.8 40.5 3.93
head (3.8) (3.0 (2.1) : (2.3)  (5.4)  (0.49)
. . 44.0 42.6 41.3 40.5 3.88
Sagittal diameter of head (3.6) (2.9) 44.5 - 39.5 (2.2) (4.6) (0.50]
. 134.00° 128.15° . . ,

Collo-diaphyseal angle (8.31°) (6.79°) - - - 140 135 129

. 705 11500 B ~ . . .

Divergent angle (1.50°) (2.65°) 10 12 9

Maximal length 420 430 382.7 328.3 400.0 416.3 407.1 400.2

(74.0)  (55.3) (14.4)  (32.1) (43.2)
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Table 7. (cont.)

Gilimanuk

Semawang

Plawangan Recent

Bone and structures Male  Female

Male

Female Male Female Male Female

Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)

Tibia

Maximal length without 338.3 344.3 B _ 336.0 365.0 323.3
tibial spine (14.7)  (18.0) P 16.6)  (382)
Width of superior 58.0 71.8 605 B 61.0 61.2 71.2 62.0
epiphysis (18.3) (7.6) ’ ’ (6.8) (1.6) (6.1)
Transverse diameter of 31.0 34.6 25.8 25.7
diaphysis (47) (85 PSS 2700 g (39

. 348.2 377.3 334.0
Maximal length 353.5 (18.2) 370 - - 346.0 (204)  (33.5)

Avg: average; SD: standard deviation; measurement unit is in mm

Discussion

Sexual dimorphism refers to the systemic
biological differences between males and
females, which can be measured and
seen in estimated stature and bone struc-
tures. One of the common types of arche-
ological evidence to find is that males are
almost always taller than females. This
is often ascribed to what is known about
living males, such as that they tend to
have a stocky face, muscular body, and
are generally physically stronger and
faster than females (Frayer and Wolpoff
1985). In our study on human skeletal
remains from Indonesia, sexual dimor-
phism in estimated stature of Gilima-
nuk, Semawang, and Plawangan was ob-
scure compared with the recent sample,
where sexual dimorphism was more ob-
vious. Nonetheless, long bones showed
more obvious sexual dimorphism in all
population groups.

It is believed that stature is strong-
ly influenced by genetics. However, one
possible confounding cause has emerged
that could affect stature, i.e., nutrition
(Eveleth 1975; Gray and Wolfe 1980).

Overall, genetics and nutrition play the
most important role in human growth,
but when considered in other cultural
and regional contexts, it can be seen that
there are several other factors such as
climate, marriage, or even access to the
basic requirements of nutrients.

The Gilimanuk, Semawang, and
Plawangan populations have genetic and
physical traits as Mongoloid. They lived
at around the same period and belonged
to the Paleometallic Age and Austrone-
sian civilizations. They dwell by the coast
(Soejono 1977; Boedhisampurno 1990;
Harkatiningsih, 1990, Aziz and Faisal
1997; Koesbardiati et al. 2013; Prayudi
and Suriyanto, 2017, 2018). It is possible
that in the past in Gilimanuk there were
conditions when the community was
malnourished so that the stature of males
at that time did not reach the maximum
when compared to the stature in the re-
cent period. In this study, it was seen that
there was a change in the estimated stat-
ure of the past sample when compared
to modern, while modern males get taller
(by 5.44 cm), modern females get short-
er (by 3.65 cm). In the Gilimanuk com-
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munity, males have an average estimated
stature of 164.88 cm, while they were
162.60 cm in Semawang. This trend
may indicate that in the past in Gilima-
nuk and Semawang, there may have been
conditions that made it difficult for them
to access nutrition. Sexual dimorphism
among ancient populations has been re-
ported in ancient European populations
by Frayer (1980). It was noted that Euro-
pean Upper Paleolithic groups exhibited
stronger sexual dimorphism than their
Mesolithic and Neolithic descendants,
particularly in the cranial skeleton. This
decrease in sexual dimorphism towards
more recent populations was linked to
changes in technical processes connected
with hunting of prey animals. The same
process was proposed to have occurred
between Mesolithic and Neolithic Eu-
ropean populations, as well as between
Neolithic and current European popula-
tions, indicating a stronger correlation
with changes in women (Frayer 1980).
Sexual dimorphism is diminished in
hominin descendants, and is more vis-
ible or higher in more ancient popula-
tions, in terms of skeletal, cranial, and
dental dimensions (Suriyanto 2006;
2009). The degree of sexual dimorphism
in hominin body size has shifted over
the last three million years, from 100%
in baboons and gorillas to 20% — 40% in
current human populations (Frayer and
Wolpoff 1985). Our study found that
sexual dimorphism in the Gilimanuk
sample was not obvious. This was seen
in the average estimated stature differ-
ence between males and females, which
was only 0.87 cm when compared with
7.87 cm different in modern males and
females. When we compare the aver-
age stature of males and females across
Gilimanuk, Semawang, and Plawangan,
there was not much of a difference ei-

ther (Tables 3 and 5). Changes in nutri-
tion can cause wider sexual dimorphism
(Chen et al. 2022; Pontifex et al. 2024)
as shown in our more recent population.
Males have a tendency to get more nutri-
tion, because, for example, females tend
to get diseases related to lack of nutri-
tion, especially when there is a disaster
(Rivers 1982). The absence of sexual di-
morphism in bones from the past may
also occur because there are similarities
in activities between males and females
(Murdock and Provost 1973). This seen
in the robustness of the lower body of the
Modern Hunter Gatherer from Australia
which indicates both males and females
have a high level of mobility (Carlson
et al. 2007; Herrerin and Carmenate
2022). However, there are differences in
the upper body, which based on ethno-
graphic data may be due to differences in
occupation (Carlson et al. 2007). There
might be various explanations for the
lack of prominent sexual dimorphism in
prehistoric populations, such as equality
of work between males and females and
equal access to nourishment. Whereas,
several causes of sexual dimorphism in
the modern society may include unequal
work between males and females as well
as a lack of access to nutrients (Frayer
and Wolpoff 1985; Kirchengast 2014).
Overall, our observations on the
long bone structures showed the ex-
istence of sexual dimorphism among
the skeletal remains in Indonesia. The
humerus transverse diameter of the fe-
male population of Gilimanuk, Plawan-
gan, and recent skeletons are greater
than the male humerus, while the hu-
merus transverse diameter of the
Semawang male population are great-
er than the female humerus. There is
an increase in the maximum length of
the humerus of Gilimanuk, Semawang,
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Plawangan, and recent Indonesian
males. The osteometric measurements
of the radius and ulna of males appeared
to be greater for all populations, but the
differences in the osteometric measure-
ments of the radius and ulna of males
and females in the populations were
relatively inconspicuous. The maximal
length of radius between male and fe-
male recent populations is relatively
greater compared to the ancient popu-
lations of Indonesia. Whereas, lengths,
diameters, and angle of the female femur
were relatively greater in ancient popu-
lations, the lengths, diameters, and an-
gle of the male femur were greater in the
recent population. Femur circumference
is relatively greater in males Gilima-
nuk and Semawang populations than of
Semawang and recent populations. Her-
rerin and Carmenate (2022) found that
the robustness in legs showed higher di-
morphic trends than in the arms in San-
ta Clara Necropolis skeletal remains. It
was thought that there might be a simi-
lar manipulation activity between males
and females in that population.

The tibia remains of Semawang and
Plawangan populations are difficult to
measure all osteometric variables because
most of them are fragmentary since at
the archeological sites, hence, the meas-
urements were done only on the ancient
population of Gilimanuk. In general, re-
cent Indonesian tibial osteometric meas-
urements show relatively less pronounced
sexual dimorphism than the ancient Gil-
imanuk population. It may be that daily
activities related to the sexual division of
labor in tibial function were more pro-
nounced in ancient populations than in
more modern populations (Ruff 1987).

Concerning the sexual dimorphism in
long bone structures, sexual division of
labor can also be seen from the measure-

ments of the actual size of the bones. For
example, sexual dimorphism was found
in the Pre-Hispanic Maya Coastal Pop-
ulation of Mexico where there was a dif-
ference in robustness in the upper limbs
caused by the division of labor such as
the use of different tools and carrying
a heavier burden by males. In addition,
the lower limbs also showed differences
in work groupings, so there are differenc-
es in the structures of the bones. Addi-
tionally, in morphology, males look more
robust with broader shoulders when
compared to females. This pronounced
difference is probably caused by males
frequently traveling and carrying heavy
loads (Wanner et al. 2006).

The strength of this study was the an-
tiquity of the materials of Gilimanuk hu-
man remains and the methods of sex and
age estimation. Sex identification used the
Walker method in Buikstra and Ubelaker
(1994). This method uses skull and pel-
vis, both of which are the parts that show
the most sex differences. Individual age at
death was identified using various methods
such as Todd (1920), McKern and Stewart
(1957), Lovejoy et al. (1985), and Walker
in Buikstra and Ubeler (1994). Age identi-
fication is done using various methods be-
cause not all bones in an individual can be
found. More recent methods assessed the
use of osteometric measurement and indi-
ces; however, the results were less reliable
than morphological characteristic obser-
vation (Barroso Flamino et al. 2020). The
use of these two parts of the skeletons is
also to reduce identification errors. None-
theless, several limitations were found in
this study, including the limited individu-
al number of specimens and the remains
were not comparably distributed in the
observed age ranges. The limited number
of specimens may hinder the representa-
tion of the whole population. Future study
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should investigate additional characteris-
tics such as socioeconomic, culture, activ-
ities, and environment of the specimens.

Conclusions

In conclusion, long bone structure meas-
urements are comparable among remains
from each sample. Long bone structures,
however, revealed more obvious sexual di-
morphism in all skeletal remains. This find-
ing may be due to the difference in house-
hold tasks between males and females.
Additionally, there is a trend that males
tend to get more nutrition and get it earlier
in their development than females. Sexu-
al dimorphism in estimated stature was
clearly greater in recent human remains in
comparison to Gilimanuk, Semawang, and
Plawangan skeletal remains. This showed
that the possibility of accessing nutrients
by each individual tends to be similar. In
addition, the work done during that time
tended to be alike between males and fe-
males, indicating an equal division of labor
in both sexes. Nonetheless, the average
estimated stature and age at death varied
among the premodern remains.

Ethics statement

Ethics approval for this study was ob-
tained from the Medical and Health
Research Ethics Committee Faculty of
Medicine, Public Health, and Nursing
Universitas Gadjah Mada, Indonesia
(KE/FK/1913/EC/2023).

Publication statement

We confirm that the paper has not been
previously published or concurrently
submitted to an editorial office of anoth-
er journal, and also that it is approved by
all authors for publication.

Acknowledgements

This work received funding from the
Faculty of Medicine, Public Health and
Nursing, Universitas Gadjah Mada. We
are grateful to the research assistants, Fi-
delis and Novi, for their work. We also
thank the laboratory technicians for as-
sisting with the data collection.

Conflict of interest

The authors report no conflicts of inter-
est. The authors alone are responsible for
the content and writing of the paper.

Authors’ contribution

JH: research concept and design, data
analysis and interpretation, article writing,
critical revision of the article for important
intellectual content, provision of study ma-
terials, statistical expertise, data collection
and compilation, final approval of the ar-
ticle; AP: data collection and compilation,
technical and logistic support, article writ-
ing, data analysis; NTR: critical revision
of the article for important intellectual
content, provision of study materials, data
collection and compilation, approval of the
article. NHF: data collection and compila-
tion, administrative, data analysis; RAS:
critical revision of the article for important
intellectual content, data collection and
compilation, technical, or logistic support.

Corresponding author

Lab. of Bioanthropology & Paleoan-
thropology, Department of Nutrition
and Health, Faculty of Medicine, Public
Health, and Nursing, Universitas Gad-
jah Mada, Farmako St, Sekip, Yogyakarta
55281, Indonesia, e-mail: janatin.hastu-
ti@ugm.ac.id


mailto:janatin.hastuti@ugm.ac.id
mailto:janatin.hastuti@ugm.ac.id

92 Janatin Hastuti, Ashwin Prayudi, Neni Trilusiana Rahmawati et al.

References

Aziz FA, Faisal W. 1997. Pertanggalan radio-
carbon rangka manusia situs Gilimanuk,
Bali. Naditira Widya 2:52-62..

Barroso Flamino C, Oliveira D, Ferreira L, Mar-
tins M, Santos R., Laureano R, Nunes T,
Bento B, Santos R, Palmela Pereira C.
2020. Osteometric and osteomorphologi-
cal sex estimation from the os coxa in an
archaeological population related to the
1755 Earthquake of Lisbon. Bull Int Assoc
Paleodont 14(1):32-39.

Boedhisampurno S.1990. Temuan sisa manu-
sia dari situs kubur Paleometalik Plawan-
gan, Rembang, Jawa Tengah, In RP Soe-
jono, NA Subagus, Nurhadi, HM Ambary,
S Satari, DD Bintarti, and ES Hardiati,
editors. Proceedings Analisis Hasil Peneli-
tian Arkeologi I. Jakarta: Pusat Penelitian
Arkeologi Nasional, Departemen Pendidi-
kan dan Kebudayaan. 125-164.

Buikstra JE, Ubelaker DH. 1994. Standards
for data collection from human skeletal
remains. Arkansas Archaeological Survey,
Arkansas.

Carlson KJ, Grine FE, Pearson OM. 2007. Ro-
busticity and sexual dimorphism in the post-
cranium of modern hunter-gatherers from
Australia. Am J Phys Anthropol 134:9-23.
https://doi.org/10.1002/ajpa.20617

Chen Y, Kim M, Paye S et al. 2022. Sex as a bi-
ological variable in nutrition research: from
human studies to animal models. Annu Rev
Nutr 42: 227-250. https://doi.org/10.1146/
annurev-nutr-062220-105852

Damai AH. 2023. Deskripsi paleopatologi
gigi manusia purba berdasarkan aktivitas
di Situs Plawangan. Unpublished bache-
lor dissertation. Program Studi Arkeolo-
gi Universitas Udayana. Dong Z. 1997.
Mixture analysis and its preliminary
application in archaeology. J Archaeol
Sci I1:141-161. https://doi.org/10.1006/
jasc.1996.0100

Duangto B Mahakkanukrauh P. 2020. Sex
estimation from upper limb bones in
sex dimorphism in a Thai population.
Anat Cell Biol. 53(1):36-43. https:/doi.
org/10.5115/abc.19.179

Eveleth PB. 1975. Differences between ethnic
groups in sex dimorphism of adult height.
Ann Hum Biol 2(1):35-9. https:/doi.
org/10.1080/03014467500000541

Frayer D.W. 1980. Sexual dimorphism and
cultural development in the Late Pleisto-
cene and Holocene of Europe. ] Hum De-
velop 9(5): 399-415.

Frayer DW, Wolpoff MH. 1985. Sexual di-
morphism. Annu Rev Anthropol 14:429-
473. https://doi.org/10.1146/annurev.
an.14.100185.002241

Gray JB Wolfe LD. 1980. Height and sexual di-
morphism of stature among human soci-
eties. Am ] Phys Anthropol 53(3):441-56.
https://doi.org/10.1002/ajpa.1330530314

Harkatiningsih MN. 1990. Jenis dan Peleta-
kan Bekal Kubur di Situs Semawang dan
Selayar: Pola Kubur dari Abad ke-14-19.
Analisis Hasil Penelitian Arkeologi I. De-
partemen Pendidikan dan Kebudayan, Ja-
karta.

Herbiamami ML. 2014. Status Kesehatan
manusia di Situs Semawang, Bali (Kajian
paleopatologi rangka dan gigi). Unpub-
lished bachelor dissertation. Program Stu-
di Arkeologi Universitas Gadjah Mada.

Herrerin J, Carmenate M. 2022. Selu-
lar dimorphism of a Mudejar Necrop-
olis of Santa Clara (Cuéllar, Segovia,
S. XIV and S. XV). Anthropologie (Brno)
60(1):0-0.  https://doi.org/10.26720/an-
thro.21.06.10.1

Indriati E. 2002. Stature in Yogyakarta’s stu-
dents and prehistoric Balinese circa 110
A.C. Berkala Ilmu Kedokteran 34(1):1-7.

Ipina SL, Durand AI. 2010. Some consider-
ations on the use of the quotient of sam-
ple means as a measure of sexual dimor-
phism. Anthropologie (Brno) 48(1):1-4.


https://doi.org/10.1002/ajpa.20617
https://doi.org/10.1146/annurev-nutr-062220-105852
https://doi.org/10.1146/annurev-nutr-062220-105852
https://doi.org/10.1006/jasc.1996.0100
https://doi.org/10.1006/jasc.1996.0100
https://doi.org/10.5115/abc.19.179
https://doi.org/10.5115/abc.19.179
https://doi.org/10.1080/03014467500000541
https://doi.org/10.1080/03014467500000541
https://doi.org/10.1146/annurev.an.14.100185.002241
https://doi.org/10.1146/annurev.an.14.100185.002241
https://doi.org/10.1002/ajpa.1330530314
https://doi.org/10.26720/anthro.21.06.10.1
https://doi.org/10.26720/anthro.21.06.10.1

Sex Dimorphism in Long Bone Structures of Gilimanuk Remains 93

Jeong Y, Jantz LM. 2016. Caveats in using
Trotter and Gleser’s (1958) Asian equa-
tions for stature estimation. Korean | Phys
Anthropol 29(3): 81-91.

Kay RE 1982. Sivapithecus simonsi a new
species of Miocene hominoid, with com-
ments on the phylogenetic status of
Ramapithecinae. Int J Primatol 3:113-
173. https://doi.org/10.1007/BF02693493

Khudaverdyan A, Hobossyan SG. 2017. Bi-
oarchaeological evidence for the health
status of a late Bronze Age and Early Iron
Age Bakheri Chala population (Armenia).
Anthropologie (Brno) 55(3): 319-336.

Kirchengast S. 2014. Human sexual dimor-
phism—a sex and gender perspective. An-
thropol Anz 71(1-2):123-33. https://doi.
0rg/10.1127/0003-5548/2014/0376

Koesbardiati T, Yudianto A, Murti DB,
Suriyanto RA. 2013. Loci STR codis
(THO1,TPOX) genetic variation on Gili-
manuk Man (Bali Islands). Berkala Arke-
ologi 33(2). https://doi.org/10.30883/jba.
v33i2.11

Lovejoy CO, Meindl RS, Pryzbeck TR, Mens-
forth RP. 1985. Chronological metamor-
phosis of the auricular surface of the ili-
um: A new method for the determination
of adult skeletal age at death. Am J Phys
Anthropol 1(68):15-28. DOI: https:/doi.
0rg/10.1002/ajpa.1330680103

Mahakkanukrauh P, Khanpetch P, Prasitwat-
tanseree S, Vichairat K, Case DT. 2011.
Stature estimation from long bone lengths
in a Thai population. Forensic Sci Int
210(279):e1-7. https:/doi.org/10.1016/.
forsciint.2011.04.025

Mckern TW, Stewart TD. 1957. Skeletal
age changes in young American males.
Natick, MA: Quartermaster Research and
Development Command Technical Re-
port EP-45.

Murdock GP, Provost C. 1973. Factors in the
division of labor by sex: A cross-cultural
analysis. Ethnology 12(2):203-225.

Pontifex MG, Vauzour D, Muller M. 2024.
Sexual dimorphism in the context of
nutrition and health. Proc Nutr Soc.
83(2):109-119.  https://doi.org/10.1017/
$0029665123003610

Prasetyo B. 1995. Laporan Penelitian Si-
tus Plawangan, Rembang, Jawa Tengah
(1980-1993). Proyek Penelitian Purbakala
Nasional. Pusat Penelitian Arkeologi Na-
sional. Departemen Pendidikan dan Ke-
budayaan, Jakarta.

Prayudi A, Suriyanto RA. 2017. Osteobiografi
individu nomor 38 dari situs Prasejarah
Gilimanuk. Amerta 35(1):19-32. https://
doi.org/10.24832/amt.v35i1.139

Prayudi A, Suriyanto RA. 2018. GLM LVI:
Tinjauan Osteoarkeologis atas sebuah
rangka dari Gilimanuk. Forum Arkeologi
31(2):105-116. https://doi.org/10.24832/
fa.v31i2.526

Rivers J. 1982. Women and children last:
An essay on sex discrimination in disas-
ters. Disasters 6: 256-267. https:/doi.
org/10.1111/j.1467-7717.1982.tb00548.x

Ruff C. 1987. Sexual dimorphism in human
lower limb bone structure: Relationship to
subsistence strategy and sexual division of
labor. ] Hum Evol 16(5):391-416. https:/
doi.org/10.1016/0047-2484(87)90069-8

Sangvichien SJ, Srisurin V, Wattanakyinsakul V.
1985. Estimation of stature of Thai and
Chinese from the length of femur, tibia and
fibula. Siriraj Hosp Gaz 37:215-8.

Soejono RP. 1977. Sistim-sistim penguburan
pada akhir masa prasejarah di Bali. Un-
published dissertation (PhD), Program
Studi Arkeologi Universitas Indonesia.

Suriyanto RA. 2005. Kajian perbandingan
karakteristik epigenetis populasi teng-
korak manusia paleometalik Gilimanuk
(Bali) dan Liang Bua, Lewoleba, Melolo
dan Ntodo Lesah (Nusa Tenggara Timur).
Unpublished thesis (Master), Program
Pascasarjana  Antropologi  Universitas
Gadjah Mada.


https://doi.org/10.1007/BF02693493
https://doi.org/10.1127/0003-5548/2014/0376
https://doi.org/10.1127/0003-5548/2014/0376
https://doi.org/10.30883/jba.v33i2.11
https://doi.org/10.30883/jba.v33i2.11
https://doi.org/10.1002/ajpa.1330680103
https://doi.org/10.1002/ajpa.1330680103
https://doi.org/10.1016/j.forsciint.2011.04.025
https://doi.org/10.1016/j.forsciint.2011.04.025
https://doi.org/10.1017/S0029665123003610
https://doi.org/10.1017/S0029665123003610
https://doi.org/10.24832/amt.v35i1.139
https://doi.org/10.24832/amt.v35i1.139
https://doi.org/10.24832/fa.v31i2.526
https://doi.org/10.24832/fa.v31i2.526
https://doi.org/10.1111/j.1467-7717.1982.tb00548.x
https://doi.org/10.1111/j.1467-7717.1982.tb00548.x
https://doi.org/10.1016/0047-2484(87)90069-8
https://doi.org/10.1016/0047-2484(87)90069-8

94 Janatin Hastuti, Ashwin Prayudi, Neni Trilusiana Rahmawati et al.

Suriyanto R.A. 2006 Dimorfisme seksual
dalam karakteristik epigenetis upper vis-
cerocranium dari sampel tengkorak ma-
nusia Gilimanuk (Bali). Berkala Arkeologi
26 (2): 85-113.

Suriyanto R.A. 2009 Human sexual dimor-
phism: From an evolutionary perspective
to practical overview. Berkala Ilmu Kedok-
teran 41 (4): 194-201.

Todd TW. 1920. Age changes in the pubic
bone. I. The male white pubis. Am J Phys
Anthropol  1(3):285-334.  https:/doi.
0rg/10.1002/ajpa.1330030301

Trotter M, Gleser GC. 1958. A reevaluation
of estimation of stature based on meas-

urements of stature taken during life
and of long bones after death. Am J Phys
Anthropol 1(16):79-123. https://doi.org/
10.1002/ajpa.1330160160

Wanner IS, Sosa TS, Alt KW, Blos VT. 2006.
Lifestyle, occupation, and whole bone
morphology of the Pre-Hispanic Maya
coastal population from Xcambo, Yucat-
an, Mexico. Int J Osteoarchaeol. https:/
doi.org/10.1002/0a.873

Yuniawan AA. 2022. Paleopatologi manusia
Plawangan ekskavasi tahun 1978: kaitan
antara bekal kubur dan penyakit. Unpub-
lished bachelor dissertation. Program Stu-
di Arkeologi Universitas Gadjah Mada.


https://doi.org/10.1002/ajpa.1330030301
https://doi.org/10.1002/ajpa.1330030301
https://doi.org/10.1002/ajpa.1330160160
https://doi.org/10.1002/ajpa.1330160160
https://doi.org/10.1002/oa.873
https://doi.org/10.1002/oa.873

Anthropological Review * Vol. 88(1), 95-118 (2025)

ANTHROPOLOGICAL REVIEW \

Available online at: https://doi.org/10.18778/1898-6773.88.1.06

POLSKIE TOWARZYSTWO
ANTROPOLOGICZNE

Prevalence of Undernutrition
and its Socio-Demographic Determinants
among Rural Bengalee Muslim Preschool Children
of Bankura District, West Bengal, India

Sk Anamul Hoque' @, Md Anisujjaman’ @, Kaushik Bose?
Sadaruddin Biswas?®

! Department of Geography, Sidho Kanho Birsha University, Purulia, West Bengal-723104, India
?Department of Anthropology, Vidyasagar University, Midnapore, West Bengal-721102, India
3 Department of Anthropology and Tribal Studies, Sidho Kanho Birsha University, Purulia,
West Bengal-723104, India

AssTraCT: Despite recent global economic growth, the high prevalence of child undernutrition is an urgent
public health issue in low and middle-income countries, including India. Moreover, one-third of infant
mortality is associated with undernutrition. The present cross-sectional study aims to report the burden of
undernutrition and to explore its association with socio-demographic variables among the Bengalee Muslim
preschool children of Bankura district, West Bengal, India. This present study was conducted among
800 preschool children (400 males and 400 females) aged 12 to 59 months. The children were selected
using a systematic random sampling method, and the sample size was estimated using standard formula.
Descriptive, parametric, non-parametric, and inferential statistical analyses were performed accordingly.
Males were taller and heavier than females. Significant age variations in mean height and weight were found
among the study participants. The overall prevalence of stunting, wasting, and underweight was 23.0%,
30.5%, and 36.0%, respectively. The results of the chi-square test showed that all the socio-demographic
variables were significantly associated with the nutritional status of these children. A multivariate logistic
regression revealed that non-exclusive breastfeeding, higher birth order, and the lower mothers’ age at
childbirth were the significant predictors of stunting. Low family income, large family size, and low maternal
educational status were the significant predictors of wasting. Moreover, low family income, non-exclusive
breastfeeding, and mothers’ age at childbirth were significant predictors of underweight. The findings of
the present study revealed that there were numerous determinants of undernutrition among the Bengalee
Muslim preschool children. Therefore, the appropriate government and non-government agencies should
adopt the policy for an income-generating scheme to enhance houschold income, awareness of exclusive
breastfeeding, family planning, adult education programmes, and surveillance against child marriage.
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Introduction

Childhood undernutrition is a complex
public health problem in low and mid-
dle-income countries despite recent global
economic growth (Ali et al. 2017; Kang and
Kim 2019; Chowdhury et al. 2018; Brown
et al. 2020; Hossain et al. 2023). It is de-
termined by several socio-economic and
demographic factors including maternal
age at marriage, maternal age at childbirth,
child birthweight, breastfeeding practice,
parental education and occupation, house-
hold income, drinking water, and latrine fa-
cility (Abuya et al. 2012; Asfaw et al. 2015;
Kang and Kim 2019; Murarkar et al. 2020;
Ghosh 2023; Hossain et al. 2023; Toma et
al. 2023; Singh et al. 2024).

Poor health hampers several factors in
a nation’s progress such as social well-be-
ing, national saving, demographic change,
and higher labor productivity, which are
obstacles to the development of a country
(Devine et al. 2014; Duminy et al. 2023).
Good health enhances a nation’s well-be-
ing, higher labour productivity, improved
human capital, higher rates of national
saving, and demographic change (WHO
2003). Child undernutrition is one of the
major causes of childhood morbidity and
mortality (Chowdhury et al. 2018; Hos-
sain et al. 2023)and it contributes to over
half of child deaths each year, predomi-
nantly in developing countries (Benson
and Shekar 2006). Undernourished chil-
dren often face chronic illness and phys-
ical disabilities, which contribute to less
productivity outcomes compared to nor-
mal children (Groce et al. 2014; Asfaw et
al. 2015). The United Nations fixed the
Sustainable Development Goals (SDGs)
to reduce all forms of malnutrition along
with child mortality among children by
addressing their proper nutritional needs.
However, the Food and Agriculture Or-

ganization (2023) reported that 725.1
million people are undernourished where-
as 195.1 million and 458.7 million people
are in lower-income and lower-middle-in-
come countries respectively (FAO 2023).
Poverty reduction is one of the important
factors in reducing or achieving the above
SDGs, including those related to health
and well-being.

Undernutrition is one of the forms of
malnutrition and it encompasses three
broadly recognized indicators such as stunt-
ing (low height for age), wasting (low weight
for height), and underweight (low weight for
age) (WHO 2022). In this context, under-
nutrition among children is a silent threat
of developing countries including India.
Several schemes, including the National
Health Mission (NHM-2005) and Inte-
grated Child Development Service Scheme
(ICDS 2008-2009), have been launched
to reduce child undernutrition. Still, it re-
mains significantly high in India, includ-
ing West Bengal. The National Family
Health Survey-V (2019-20) reported that
the prevalence of stunting, wasting, and
underweight in India are 35.5%, 19.3%,
and 32.1%, respectively (ITPS 2020). It is
a highly alarming report that stunting,
wasting, and underweight affect 61 mil-
lion, 25 million, and 47 million under-five
children in India, respectively (Singh et al.
2019), including West Bengal (ITPS 2020).

Noteworthy, the Sachar Committee
(2006) and Ranganath Mishra Commis-
sion (2007) reported that Muslim commu-
nities in India are socially and educational-
ly regressive, economically poor, politically
powerless, and medically disadvantaged
community. The poverty level (both rural
and urban) among Muslims in West Ben-
gal is higher than the national average of
poverty. Most of the Muslim population
(78%) resides in rural areas and their econ-
omy predominantly depends on agricul-
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ture. It has also been reported that Muslim
children suffer from higher rates of under-
nutrition compared to other communities
(Prime Minister High Level Committee
2006). The above reviews highlight that
socio-economic and demographic factors
play a significant influence on every aspect
of a child’s health and nutritional status,
and it has also been revealed that there
is a dearth of information on the interac-
tion between socio-demographic factors
and nutritional status among the rural
Bengalee Muslim preschool children. By
identifying highly significant socio-demo-
graphic predictors and advocating for mul-
ti-sectoral interventions, it provides new
insights for targeted public health policies
in low-resource settings.

Therefore, the present study aims
to report the prevalence of the different
forms of undernutrition as well as to
explore the relationship between under-
nutrition status and socio-demographic
factors among the Bengalee Muslim
preschool children of Kotulpur block,
Bankura district of West Bengal, India.

Materials and Methods

Study Setting

The study was conducted at the different
villages of Kotulpur Community Devel-
opment (CD) block of Bankura district,
West Bengal, India. The block is the
most Muslim populated CD block of
Bankura district, consisting of 32,922
population, representing 17.44% of the
total population in this CD block (Cen-
sus of India 2011). It consists of eight (8)
gram panchayats with a total population
of 1,88,775, of which 1,80,292 reside in
rural areas and 8,483 in urban areas. The
block covers an area of 250.38 km?* and
65 km away from the district head quar-
ter of the Bankura district.

Sample and sample size calculation
The present cross-sectional study was
conducted among 12 to 59 months old
Muslim preschool children. The study
was approved by the Institutional Ethical
Committee of the Institution of the Sid-
ho-Kanho-Birsha University (Ref. No. R/
IEC/406/SKBU/2023 dated 24.03.2023,
with effect from July 2022). The informa-
tion provided by participants was kept con-
fidential by excluding personal identifiers
from the schedule. Parents of the children’s
convenience was a priority in this study
during data collection, and we respected
their rights as participants. We also con-
firm that all methods and procedures were
carried out in accordance with the rele-
vant guidelines and regulations (Helsinki
Declaration). The study participants were
an unknown population due to the un-
availability of the religious specific data on
preschool children. The Integrated Child
Development Scheme (ICDS) authority fo-
cuses on gathering only the social categor-
ical data (General, SC, and ST). Therefore,
Cochran’s (1977) unknown sample formu-
la was adopted to calculate the minimum
sample size as follows:

Z’pq (2.58)*x0.5%0.5
0T 2 TS T
e 0.05
_6.6564x0.25 _ o 1o aa
0.0025

Where n = sample size; Z= level of con-
fidence; p=degree of variability; q=1-p;
e= level of precision (Cochran 1963).

According to NFHS-V (2019-21),
the maximum prevalence of the Com-
posite Index of Anthropometric Failure
is 48.78% in Bankura district (comput-
ed by the author). Therefore, the max-
imum variability assumed is equal to
50% (p=0.5) and takes a 99% confidence
level with =10 %. The above calculation
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shows that the minimum sample size is
733. Therefore, a total of 800 Muslim
preschool children (400 males and 400
females) were investigated.

Sampling Technique

The study participants were selected from
forty Integrated Child Development Service
scheme centers from twenty-eight Mus-
lim dominated villages of Kotulpur Block.
The study participants were selected using
a systematic random sampling method,
whereas age and sex-specific serial num-
bers of the children in the ICDS register
book were used to choose the participants
(children). Every consecutive third age and
sex-specific children were selected from
each center proportionally, out of the total
estimated age and sex-specific sample (100
children), which comprised (100x2x4) of
total 800 preschool children.

Anthropometric Measurements
Anthropometric measurement is a cru-
cial tool for evaluating nutritional assess-
ment and associated health risks (WHO
1995). Anthropometry is a quick, easy,
and inexpensive method. Therefore, it
is one of the most commonly used and
globally accepted methods (Bhattacharya
et al. 2019; WHO 1995). Anthropometric
measurements (height and weight) were
taken by a trained investigator (first au-
thors) using an internationally accepted
standard protocol (Lohman et al. 1988).
Crown-heel length and height was meas-
ured using an infantometer and standard
stadiometer respectively and recorded to
the nearest 0.1 cm. Weight was measured
using a spring balance weighing machine
(Krups) and recorded to the nearest 0.5 kg.

Assessment of Nutritional Status
Three commonly recognized nutritional
indicators, namely stunting, wasting, and

Z score=

underweight were assessed based on age,
height, and weight as recommended by
WHO in 2006. The Anthro-plus software
(Version 3.2) was used to calculate the
Z-score values of height for age (HAZ),
weight for height (WHZ), and weight for
age (WAZ), following the guidelines of
the World Health Organization (WHO,
2006). These Z-score values were used to
assess stunting (HAZ), wasting (WHZ),
and underweight (WAZ). The cut-off
points for stunting, wasting, and under-
weight were defined as <-2SD z-scores
(age and sex specific).
The formula is given below.

X — Median values of WHO, 2006

Standard deviation of WHO, 2006

Where, X=Particular score of height or
weight of a child. (WHO, 2006)

The above calculation reveals three
Z score values. The values are:

HAZ= Height for age Z-score. Stunt-
ing is defined as <-2SD Z-scores value.

WHZ= Weight for height Z-score.
Wasting is defined as <-2SD Z-scores
value.

WAZ= Weight for age Z-score. Under-
weight is defined as <-2SD Z-scores value.

Socio-demographic variables
Socio-demographic data were collected
from the ICDS register and head of house-
hold or guardian or parents of the children.
The date of birth, religion, mother’s age at
marriage, age of mother at childbirth, and
birth weight are recorded from the ICDS
register. Birth order, number of siblings,
number of household members, duration of
breastfeeding, household income, mother’s
education, father’s education, father’s oc-
cupation, availability of latrine facilities and
separate kitchens, and type of cooking fuel
were collected through a schedule survey.
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Data management

Mother’s age at marriage was record-
ed per the Indian Child Protection Act
(2006) which sets the minimum legal age
for marriage of women at 18 years. The
National Report (NFHS) in India justified
that women’s average age at childbirth is
slightly over 21 years. And the present
data on it were categorized accordingly.

Birth order and the number of sib-
lings were also recorded and categorized
into quartiles for analytic purposes. Birth
weight was obtained from the ‘mother
and child protection card’ and catego-
rized as WHO standard, with weights
below 2,500 grams or 2.5 KG categorized
as ‘low birth weight'. Breastfeeding data
was documented as continuous data and

categorized according to the WHO stand-
ard, with the first six months of exclu-
sive breastfeeding defined as exclusively
breastfeeding. The number of household
members was also recorded. Household
income was recorded in Indian currency
and categorized using quartile. Father’s
occupation was categorized into three
categories Casual (engaged in irregu-
lar workers), Self (those meaning their
businesses or properties), and Regular
workers (employed in stable or long-term
properties). The highest levels of paren-
tal education were recorded based on
the various educational institutions they
were schooled. Latrine facilities, cooking
fuel, and separate kitchens were also re-
corded as socio-economic indicators.

Table 1. List of dependent and independent variables examined in the present study

Variables Description
Stunting ‘0’ Not Stunted & ‘1’ Stunted
Wasting ‘0’ Not Wasting & ‘1’ Wasting
Underweight ‘0’ Not Underweight & ‘1’ Underweight

Mother’s Age at Marriage
Age of Mother at Childbirth
Birth Order

Sibling

Birth Weight

Exclusive Breastfeeding

Number of Household Members
Monthly Household Income

Father’s Occupation

Father’s Education
Mother’s Education
Latrine Facility

Separate Kitchen

Cooking Fuel

Child Marriage (below 18 years) and Adult Marriage (18 years and above).
20 years & below, and 21 years & above

1t birth order and 2™ and subsequent birth order

No sibling and having sibling

Normal birth weight (> 2.5 kg) and low birth weight (< 2.5 kg)

Yes (exclusive breastfeeding or first six months of breastfeeding) and
No (below six months of breastfeeding)

4 & below and 5 & above
Rs <6500, Rs 6501 to Rs 9000 and Rs >9001

Casual (refer to irregular workers), Self (refer to work in own proper-
ties), and Regular workers

Primary (class IV and below) and Upper primary & above
Upper primary & lower (class VIII and below) and High School & above
Yes and No

Yes (separate kitchen room for cooking) and No (no separate kitchen
for cooking)

Gas and Fairwood or leave
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Statistical Analysis
All statistical analyses were carried out
using IBM SPSS (Version 25). Basic de-
scriptive statistics were compiled. Stu-
dent’s t-test was performed to assess sex
differences (age-specific) in mean height
and weight. One-way ANOVA (Scheffe’s
procedure) was performed to test for age
variations in mean height and weight
for each sex. The chi-square test was
also performed to assess the variation in
the prevalence of undernutrition in the
different categories of each independent
variable. Binary logistic regression analy-
ses were performed to find out the indi-
vidual predictor(s) of stunting, wasting,
and underweight. Furthermore, multiple
logistic regressions (Forward: Likelihood
Ratio) analyses were performed to ex-
plore the most important determinants
of undernutrition after removing or con-
trolling the effect of the other independ-
ent variables. In this analysis, undernu-
trition was presented as the dependent
(outcome) variable, categorized into “0”
(normal) and “1” (stunted, wasted, and
underweight), while socio-demographic
variables were the independent varia-
ble. All the Statistical tests were set at
p<0.05.
Simple logistic regression

Logit (P) = In (p/1-p)=B,+B X,

Multivariate binary logistic regression

logit(P)=
= In(p/1-p)=p,+p X +B,X,+...... B.X
Where,
P= the probability of the event occur-
ring,

1-p=the probability of the event not
occurring.

B ,=Intercept

B Byoeen Bn = the coefficients for the
independent variables X, X,.....X .

Results

Socio-demographic characteristics
The results of socio-demographic charac-
teristics revealed that more than half of
mothers married before reaching adult-
hood (54.88%). Furthermore, it was ob-
served that more than half of the present
mothers gave birth at the age of below
21 years of age. About 45.15% of chil-
dren were born in the first birth order
and 40.75% of children did not have sib-
lings. About one-fourth of the studied
children (24.38%) were born with low
birth weight. A total of 15% of children
did not get exclusive breastfeeding during
their first six months of life. More than
half of the families are small in nature
(4 and below family members). One-
fourth of the household’s monthly in-
come was less than Rs 6500. About half
of fathers were engaged in casual work
and only 16.88% were involved in regu-
lar work. 43.00% of fathers completed at
least the primary level. More than half
of mothers completed at least the upper
primary level. 20.50% of households did
not have latrine facilities and 91.38%
had separate kitchens. Only 24.75% of
households were using LPG for cooking.

Anthropometric characteristics
Anthropometric characteristics among
the studied Muslim preschool children are
depicted in Table 3. There were increas-
ing trends in height and weight with in-
creasing age. Apparently, males were tall-
er and heavier than females. Age-specific
significant sex differences in mean height
(t=3.09; p=<0.01) and weight (t=3.16;
p=<0.01) were noticed at the age of
24-35 months. Overall, the males were
significantly heavier (t=2.26, p=<0.05)
than femlaes. Significant age varia-
tions in mean height (Males-F=134.32,
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p<0.001; Females-F=148.03, p<0.001)
and weight (Males-F=440.89, p<0.001;

Table 2. Socio-demographic characteristics of the study population

Females-F=552.26, p<0.001) were also
found among the study participants.

Background Characteristics Frequency Percent (%)
Mother’s Age at Marriage Child Marriage 439 54.88
Adult Marriage 361 45.13
Mother’s age at Childbirth 20 years and below 486 60.75
21 years and above 314 39.25
Birth Order 1st 361 45.13
27 and Subsequent 439 54.88
Sibling No Sibling 326 40.75
Having Sibling 474 59.25
Birth Weight 2.5 kg and above 605 75.63
Less than 2.5 kg 195 24.38
Exclusive Breastfeeding Yes 680 85.00
No 120 15.00
Number of Family Members 4 & below 415 51.88
5 & above 385 48.13
Monthly Household Income Rs below 6500 204 25.50
Rs 6501 to 9000 290 36.25
Rs more than 9001 306 38.25
Father’s Occupation Casual 399 49.88
Self 266 33.25
Regular 135 16.88
Father’s Education Primary 344 43.00
Upper primary & above 456 57.00
Mother’s Education Upper primary & lower 410 51.25
High school & above 390 48.75
Latrine facility Yes 636 79.50
No 164 20.50
Separate Kitchen Yes 731 91.38
No 69 8.63
Cooking Fuel Gas 198 24.75
Fairwood or leaves 602 75.25
Table 3. Anthropometric characteristics of the study participants
Age (Months) Sex No Mgelﬁggj) t-test M?;ig(%%) t-test
Males 100 9.29(1.54) 77.53(5.30)
12723 Females 100 8.96(1.42) L4 76.33(4.73) L
Males 100 11.16(1.71) .. 87.84(5.02 B
24-35 Females 100 10431.62) > 85.75(4.31) 1O
Males 100 12.58(1.82) 95.20(4.36)
36-47 Females 100 12.33(1.66) 1.04 94.28(4.72) 143
Males 100 13.99(1.85) 100.91(4.47)
48-59 Females 100 13.71(2.09) 099 101.91(4.98) L5
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Weight Height
Age (Months) Sex No Mean (SD) t-test Mean (SD) t-test
. Males 400 11.75(2.45) 90.37(9.98)
Age Combined 2.26* 1.1

ge ombine Females 400 11.36(2.49) 89.57(10.64)

Males F=134.32*** F=440.89***

Females F=148.03*** F=552.26***

Level of significance: *p<0.05, **p<0.001, ***p<0.00

Prevalence of undernutrition

The overall prevalence of stunting among
the studied preschool children was 23.0%
and there was no sex difference in the
prevalence of stunting (Table 4). According
to WHO (1995), the severity of stunting
among the studied preschool children was
medium. The overall prevalence of wast-
ing was 30.5% and males (32.8%) were
more wasted compared to females (28.8%)
(table 4). The prevalence shows that the
rate of wasting is a critical situation (29)
and males and females show similar rates
of wasting. The overall prevalence of un-
derweight was 36.0% and the sex-spe-
cific prevalence of underweight was high
among males (37.3%) compared to females
(34.8%). The prevalence of underweight
also indicates that the severity of undernu-
trition was very high (WHO 1995) among
the studied Muslim preschool children.

Table 4. Prevalence of undernutrition (stunting,
Wasting and underweight) among the Bengalee
Muslim preschool children

Category of

undernutrition Sex Prevalence r
Males 23.00% (92)
. 0.001
Stunting Females 23.00% (92)
Overall  23.00% (184)
Males  32.75% (131)
Wasting Females 28.75% (113)
Overall  30.50% (244)
Males 37.25% (149) 0.54
Underweight ~ Females 34.75% (139) '
Overall  36.00% (288)

Association between undernutrition
and socio-demographic factors
The results of chi-square test are represen-
ted in Table 5. There were fourteen socio-de-
mographic variables under consideration.
The results revealed that mother’s age at
marriage (x>=5.61; p<0.01), mother’s age
at childbirth (¥*=9.83; p<0.001), birth or-
der (*=5.61; p<0.01), siblings (x*=4.93;
p<0.05), birth weight (y*=4.76; p<0.05),
breastfeeding (y>=73.35; p<0.001), month-
ly household income (y*=6.44; p<0.01),
father’s occupation (*=8.19; p<0.01),
father’s education (y*=4.78; p<0.05) and
cooking fuel (y*=4.21; p<0.05) were sig-
nificantly associated with stunting status
of the studied preschool children. Further-
more, wasting is also significantly associ-
ated with twelve socio-demographic vari-
ables. Mother’s age at marriage (x*=8.69;
p<0.01), mother’s age at childbirth
(¥*=9.67; p<0.001), birth order (y>=6.18;
p<0.05), siblings (@*=7.42; p<0.01),
birth weight (x>*=10.98; p<0.001), breast-
feeding (y>=12.44; p<0.001), number of
household members (y>=40.89; p<0.001)
monthly household income (y*=57.93;
p<0.001), father’s education (¥?*=4.77;
p<0.05), mother’s education (y*=37.67;
p<0.001), separate kitchens (y*=6.00;
p<0.05) and cooking fuel (*=4.86;
p<0.05) were significantly associated with
wasting status of the children. Moreover,
underweight was also significantly asso-
ciated with the mother’s age at marriage
(1*=9.63; p<0.01), mother’s age at child-
birth (y?=14.27; p<0.001), birth order
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(*=15.93; p<0.001), siblings (x>*=14.45;
p<0.001), birth weight (y*=6.45; p<0.05),
breastfeeding (y*=24.10; p<0.001), num-
ber of household members (x*=40.89;
p<0.001), monthly housechold income
(*=34.12; p<0.001), father’s occu-

pation (*=6.55; p<0.05), father’s ed-
ucation (¥*=3.83; p<0.05), mother’s
education (y*>=22.80; p<0.001), latrine fa-
cilities (y>=5.91; p<0.05), separate kitch-
ens (y*=7.11; p<0.05) and cooking fuel
(2=11.98; p<0.01).

Table 5. Relationship between socio-demographic variables and undernutrition among the preschool children

) Stunting 12 Wasting 12 Underweight %2
' Child Marri 26.20% 34.85% 40.77%
Mother’s Age - Chiid Marrlage 5.61* 8.69** 77 9.63**
at Marriage  Adult Marriage 19.11% 25.21% 30.19%
Mother’s age 20 years & below  26.75% 34.57% 41.15%
ers 9.83**+ 9.67** 14.27%**
at Childbirth 2] years & above  17.20% 24.20% 28.03%
_ 1 19.11% 26.04% 28.53%
Birth Order 5.61** 6.18* 15.93**+
274 and more 26.20% 34.17% 42.14%
o No Sibling 19.02% 25.15% 28.22%
Sibling e 4.93* 7.42%+ 14.45%**
Having Sibling 25.74% 34.18% 41.35%
. . 2.5 kg and above  21.16% 27.44% 33.55%
Birth Weight 4.76* 10.98*** 6.45*
Less than 2.5 kg 28.72% 40.00% 43.59%
O Yes 17.65% 28.09% 32.50%
Breastfeeding 73.35%** 12.44*** 24.10***
No 53.33% 44.17% 55.83%
Number of 4 & below 22.89% 20.48% 33.25%
Household 0.06 40.89*** 2.82
Members 5 & above 23.12% 41.30% 38.96%
Monthly Rs below 6500 28.92% 50.98% 51.47%
Household  Rs 6501 to 9000  22.76%  6.44**  27.24% 57.93***  3552%  34.12***
Income Rs more than 9001  19.93% 19.93% 26.14%
e Casual 26.07% 32.33% 39.85%
Father’s Self 22.93%  8.19** 29.32%  1.41 34.21% 6.55*
Occupation
Regular 14.07% 27.41% 28.15%
Primary 26.74% 34.59% 39.83%
Father’s . 4.78* 4.77* 3.83*
Education ~ UPPerprmary 54,40 % 27.41% 33.11% :
& above
Mother” griﬁsgnmary 23.66% 40.24% 43.90%
Ed‘:ltcaetriosn Hieh school 0.206 37.67+++ 22.80%**
1801 SCLOO 22.31% 20.26% 27.69%
& above
ine fa- Y 21.70% 29.56% 33.96%
Latrine fa ©s 2.97 1.29 5.91*
cility No 28.05% 34.15% 43.90%
Y 22.71% 29.27% 34.61%
Separate s ’ 0.41 % 6.00* 7.1+
Kitchen No 26.09% 43.48% 50.72%
Gas 17.68% 24.24% 25.76%
Cooking Fuel  Faj 4.21* 4.86* 11.98***
e fe‘f;iwes"‘)d or 24.75% 32.56% 39.37%

Level of significance- *=p<0.05, **=<0.01 and ***=<0.001
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The relationship
between undernutrition
and socio-demographic factors
The results of the binary logistics regres-
sion analyses are depicted in Table 6. The
findings show the individual risk factors
as socio-demographic determinants of
undernutrition status of preschool chil-
dren. The mother’s age at marriage less
than 18 years were 1.50, 1.59, and 1.59
times higher risk of stunting (O.R=1.50;
C.I=1.07-2.11; p<0.05), wasting
(O.R=1.59; C.I=1.17-2.16; p<0.01) and
underweight (O.R=1.59; C.I=1.19-2.14;
p<0.01) compared to the children of
the mothers who got marriage at adult-
hood age. The mother’s age at child-
birth less than 21 years were 1.76, 1.65
and 1.80 times more at risk of stunting
(OR=1.76; C.I=1.23-2.51; p<0.01),
wasting (O.R=1.65; C.I=1.20-2.28;
p<0.01) and underweight (O.R=1.80;
C.I=1.32-2.44; p<0.01) compared to
the mother’s age at childbirth 21 years
and above years. Second and subsequent
children are 1.50, 1.47, and 1.82 times
higher prevalence of stunting (O.R=1.50;
C.I=1.07-2.11; p<0.05), wasting
(O.R=1.47; C.I1=1.08-2.00; p<0.05) and
underweight (O.R=1.82; C.I=1.36-2.45;
p<0.001) rather than the first child.
Children with siblings are at 1.48, 1.55
and 1.79 times higher risk of stunting
(OR=1.48; C.I=1.05-2.08; p<0.05),
wasting (O.R=1.55; C.I=1.13-2.12;
p<0.01) and underweight (O.R=1.79;
C.I1=1.32-2.43; p<0.001) compared to
children with no sibling. Low birthweight
children (less than 2.5 kg) are 1.50, 1.76
and 1.53 times more stunting (O.R=1.50;
C.I=1.04-2.17; p<0.05), wasting
(OR=1.76; C.I=1.26-2.47; p<0.001)
and underweight (O.R=1.53; C.I=1.10-
2.13; p<0.01) rather than optimum birth-
weight children. The children who did not

get exclusive breastfeed were 5.33, 2.03,
and 2.63 times higher risk of stunting
(OR=5.33; C.I=3.54-8.03; p<0.001),
wasting (OR=2.03; C.I=1.36-3.01;
p<0.001) and underweight (O.R=2.63;
C.I=1.77-3.90; p<0.001) compared to
those children who got exclusive breast-
feeding. Large family size was 2.73
times more risk of wasting (O.R=2.73;
C.1=2.00-3.74; p<0.001) than those who
had a small family. Children in lower-
monthly household income were at 1.70,
4.18, and 3.00 times higher risk of stunt-
ing (O.R=1.70; C.I=1.12-2.58; p<0.05),
wasting (OR=4.18; C.I=2.82-6.18;
p<0.001) and underweight (O.R=3.00;
C.1=2.06-4.36; p<0.001) compared to
children in higher- monthly household in-
come. Children in middle-income group
families also face a higher risk of wasting
(O.R=1.50; C.I=1.03-2.20; p<0.05) and
underweight (O.R=1.56; C.I=1.10-2.21;
p<0.05) compared to children in the
higher-income group. Children whose fa-
thers engaged in casual work were 2.15
and 1.69 times more likely to be at risk
of stunting (O.R=2.15; C.I=1.26-3.67;
p<0.001) and underweight (O.R=1.69;
C.I=1.11-2.59; p<0.05) compared to
those whose fathers engaged in regular
work. Children with a lower level of fa-
ther’s education were 1.44, 1.40, and 1.34
times higher risk of stunting (O.R=1.44;
C.I=1.04-2.01; p<0.05), wasting
(O.R=1.40; C.I=1.03-1.90; p<0.05) and
underweight (O.R=1.34; C.I=1.00-1.79;
p<0.05) compared to higher level-educat-
ed father. The lower level of mother edu-
cation was also a higher risk of wasting
(OR=2.65, CI=1.93-3.64; p<0.001]
and underweight (O.R=2.04; C.I=1.52-
2.75; p<0.001) for children. The preva-
lence of underweight was 1.52 times
higher risk among children in households
without latrine facilities compared to
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those in households with latrine facilities
(O.R=1.52; C.1.=1.07-2.16; p=<0.05).

Children in households without
separate kitchens were 1.86 and 1.94
times more likely to be at risk of wast-
ing (O.R=1.86; C.I=1.12-3.07; p<0.05)
and underweight (O.R=2.04; C.1.=1.18-
3.19, p=<0.01) compared to those
with separate kitchens. Use of firewood
or leaves for cooking were 1.53, 1.51,
and 1.87 times higher risk of stunting
(O.R=1.53; C.I=1.02-2.31; p<0.05),
wasting (O.R=1.51; C.I=1.05-2.18;
p<0.05) and underweight (O.R=1.87;
C.I=1.31-2.68; p<0.05) compared to
those that cook with LPG.

Furthermore, multivariate logistic
regression analyses were run to assess
the simultaneous impact of different
socio-demographic variables on under-
nutrition (Tables 7, 8 and 9). Regarding
stunting, ten significant predictors of ear-
lier statistics had lost their impact due to
the influence of the remaining four domi-
nant variables in the multivariate model.
Among these four variables, non-exclu-
sive breastfeeding was the most domi-
nant predictor (wald-64.55; Exp (B)-5.69;
p<0.001) followed by the second and
higher birth order (wald-13.18; Exp (B)-
2.01; p<0.001), mother’s age at child-
birth below 21 years (wald-11.39; Exp
(B)-1.96; p<0.001) and low birth weight
(wald-5.18; Exp (B)-5.69; p<0.05). The
final model (4) also revealed that the per-
cent variation in stunting explained by
all these independent variables combined
was 16.00 %, and the final model was en-
tirely satisfactory.

Concerning wasting, among twelve
significant variables, four socio-demo-
graphic variables lost significance due to
the influence of the remaining seven var-
iables in the multivariate model. Among
these seven variables, lower-income

households (Rs below 6500) (wald-46.98;
Exp (B)-5.02; p<0.001) are the most dom-
inant predictor followed by fewer house-
hold members (4 and below) (Wald-43.39;
Exp (B)-3.28; p<0.001), lower level of
mother education (below upper primary)
(Wald-22.23; Exp (B)-2.33; p<0.001], no
separate kitchens (Wald-8.90; Exp (B)-
2.43; p<0.01), mother’s age at childbirth
below 21 years (wald-13.07; Exp (B)-1.97;
p<0.001), non-exclusive breastfeeding
(Wald-8.06; Exp (B)-1.93; p<0.01), and
low birth weight (Wald-9.38; Exp (B)-1.82;
p<0.01). The results of the final model
show that the percent variation in wasting
explained by all these independent varia-
bles combined was 22.20 %, and the var-
iation explained in the final model was
statistically significant.

Regarding underweight, among thir-
teen significant variables, five socio-de-
mographic variables lost their significance
due to the influence of the remaining
eight variables in the multivariate model.
Among these eight variables, lower-in-
come households (Rs below 6500) (Wald
-22.36; Exp (B)-2.61; p<0.001) was the
most dominant predictor followed by
non-exclusive breastfeeding (Wald -19.87;
Exp (B)-2.63; p<0.001), mother’s age at
childbirth below 21 years (Wald -16.69;
Exp (B)-2.04; p<0.001), second and high-
er birth order (Wald -16.27; Exp (B)-2.04;
p<0.001), no separate kitchens (Wald
-7.69; Exp (B)-2.13; p<0.01), lower level
of mother education (below upper prima-
ry) (Wald -8.81; Exp (B)-1.64; p<0.01),
and low birth weight (Wald -4.81; Exp
(B)-1.49; p<0.05). Furthermore, the re-
sults of the final model also revealed that
the percent variation in underweight ex-
plained by all these independent variables
combined was 17.90%, and the variation
explained in the final model was statisti-
cally significant.
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Table 6. Risk of undernutrition among Muslim children in the study area

Background Characteristics

Stunting
O.R (95% of C.I)

Wasting
O.R (95% of C.I)

Underweight
O.R (95% of C.I)

Mother’s Age Child Marriage 1.50 (1.07-2.11)*  1.59 (1.17-2.16)** 1.59 (1.19-2.14)**
at Marriage Adult Marriage Reference
Mother’s age 20 years & below 176 (1.23-2.51)**  1.65 (1.20-2.28)** 1.80(1.32-2.44)"**
at Childbirth 21 years & above Reference
I Reference
Birth Order
2% & more 1.50 (1.07-2.11)*  1.47 (1.08-2.00)* 1.82 (1.36-2.45)**"
No Sibling Reference
Sibling
Having Sibling 1.48 (1.05-2.08)*  1.55(1.13-2.12)** 1.79(1.32-2.43)***
2.5 kg and above Reference
Birth Weight
Less than 2.5 kg 1.50 (1.04-2.17)* 1.76(1.26-2.47)*** 1.53 (1.10-2.13)**
Exclusive Yes Reference
Breastfeeding No 5.33 (3.54-8.03)*** 2.03 (1.36-3.01)*** 2.63(1.77-3.90)***
Number of 4 & below Reference
Family Members 5 & above 1.01 (0.73-1.41)  2.73(2.00-3.74)***  1.28 (0.96-1.71)
Rs below 6500 1.70 (1.12-2.58)* 4.18 (2.82-6.18)*** 3.00 (2.06-4.36)***
Household Rs 6501 to 9000 1.23 (0.83-1.83)  1.50 (1.03-2.20)*  1.56 (1.10-2.21*
Income
Rs more than 9001 Reference
Casual 2.15(1.26-3.67)**  1.27(0.82-1.95)  1.69 (1.11-2.59]*
Father’s Self 1.82(1.03-3.19)*  1.10(0.69-1.74)  1.33(0.84-2.09)
Occupation
Regular Reference
Primary 1.44 (1.04-2.01)* 1.40 (1.03-1.90)* 1.34 (1.00-1.79)*
Father’s )
Education Upper primary & Reference
above
Upper primary & - *rx
Mother’s lower 1.08 (0.78-1.50)  2.65 (1.93-3.64) 2.04 (1.52-2.75)
Education
High school & above Reference
Yes Reference
Latrine facility
No 1.41 (0.95-2.08) 1.24 (0.86-1.78) 1.52 (1.07-2.16)*
Yes Reference
Separate Kitchen
No 1.20 (0.68-2.11) 1.86(1.12-3.07)*  1.94(1.18-3.19)**
Gas Reference

Cooking Fuel

Fairwood or leaves

1.53 (1.02-2.31)*

1.51 (1.05-2.18)*

1.87 (1.31-2.68)***

Level of significance- *=p<0.05, **=<0.01 and ***=<0.001
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Discussion

Better health status brings good human
resources which adhere to the nation’s
well-being, whereas under five children
are the base of the developing nation’s de-
mography, and well-nourished preschool
children are the mirror of the nation’s
development. Although, the major caus-
es of under-five morbidity and mortality
is undernutrition (Hossain et al. 2023)
in developing countries, including India
(Benson and Shekar 2006). They may
have chronic illness and physical disabil-
ities compared to normal children (Asfaw
et al. 2015). This study aims to observe
the impacts of socio-demographic varia-
bles on undernutrition based on stunt-
ing, wasting, and underweight among
rural Muslim preschool children. The
prevalence of undernutrition was high
in the studied children. Wasting refers
to a critical life-threatening indicator,
and it significantly elevates the risk of
mortality if not effectively managed with
proper treatment (Black et al. 2013). Un-
derweight seems to be a significant con-
tributing factor in child mortality global-
ly, with an exceptionally high impact in
developing countries (Chowdhury et al.
2018; Hossain et al. 2023).

The major findings of the present
study revealed that socio-demographic
variables were significantly associated
with the undernutrition status of and pre-
dicted the nutritional status of the chil-
dren. After designing several models using
multivariate analysis, the results indicate
that breastfeeding, birth order, age of
mother at childbirth, birth weight, house-
hold income, number of family members,
mother’s education, separate kitchen,
and father’s occupation were the strong
predictors of undernutrition among rural
Muslim preschool children in the study

area. Early childbearing is a significant
issue in developing countries. Globally,
11% of births are to adolescent mothers,
and developing nations contribute 95%
of these births (WHO 2011). Early moth-
erhood also raises the risk of premature
birth, low birth weight, undernutrition,
frequent illness, infant mortality, and poor
growth in children (Tarigan et al. 2023;
Fall et al. 2015). The present study also
shows the same result. Twenty years of
age of the mother at childbirth is the third
strongest predictor of stunting and under-
weight and the fourth strongest predictor
for wasting among Muslim preschool
children. Birth order plays a crucial role
in child undernutrition. Several studies
have thoroughly documented that chil-
dren with higher birth order face a greater
risk of undernutrition compared to those
of lower birth order (Rahman 2016; Dhar-
maraj et al. 2021; Dhingra and Pingali
2021). Higher birth order was the second
most significant predictor of stunting and
fourth for underweight among children in
the study area.

According to WHO guidelines (2023),
children born weighing less than 2.5 kg
are classified as having low birth weight
(WHO 2023c). Low birth weight signifi-
cantly increases health risks in children
as well as it is associated with undernu-
trition, different diseases (cough, diar-
rhoea, pneumonia), delayed growth and
development, and the risk of mortality
(Ntenda 2019; Jana et al. 2023). It is
a leading cause of half of all premature
deaths (Jana, Dey, and Ghosh 2023). In
the study area, 24.38% of Muslim chil-
dren are born with low birth weight, and
models indicate that low birth weight
is one of the strong predictors of stunt-
ing, wasting, and underweight. Exclusive
breastfeeding plays a critical role in in-
fants’ health and in sustaining optimum
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nutritional status in children (WHO
2023a). Children breastfed for less than
6 months are at risk of poor nutritional
status along with higher rates of mor-
tality and morbidity (Syeda et al. 2021;
Scherbaum and Srour 2016). Several
studies have found that it is one of the
predictors of child undernutrition (Akter
2021; Khan and Islam 2017; Kumar and
Singh 2015; Pereira et al. 2021). In the
study, non-exclusive breastfeeding was
the strongest predictor of stunting and
the second strongest predictor of under-
weight. Income played a significant role
in maintaining good health. Without
economic self-sufficiency, a household
cannot sustain the necessary quality and
quantity of food required for balanced
nutrition (Raghunathan et al. 2021). In
developing countries, the majority of
children face a high prevalence of under-
nutrition, which significantly delays their
growth (McGovern et al. 2017; Rahma
and Mutalazimah 2022). High house-
hold incomes contribute to better food
quality, safe drinking water, improved
sanitation, and the well-being of a family,
which is related to child nutrition (Singh
etal., 2019).

Multivariate  regression  suggests
that household income is the strongest
predictor of wasting and underweight.
Large family members also influence
the child’s undernutrition, but this re-
lationship is complex and influenced by
socio-economic conditions and cultural
practices (Faye, Fonn, and Kimani-Mu-
rage 2019). Several previous studies re-
ported that children in large families are
more likely to experience undernutrition
compared to children in small families
(Ahmed et al. 2016; Ghimire et al. 2020;
Mandosir et al. 2023; Toma et al. 2023).
The number of household members is
the second strongest predictor of wast-

ing among Muslim preschool children.
Mother education plays a significant
role in influencing undernutrition and is
crucial for its reduction and prevention
(Makoka and Masibo 2015; Prasetyo et
al. 2023). An educated mother has been
found to have an understanding of the
importance of hygienic food, good feed-
ing practices, recognition and causes of
diseases, means of prevention and health
management for their child, as well as
other activities that promote the well-be-
ing of the child’s health (Khattak et al.
2017; Kavosi et al. 2014). Mother edu-
cation was the third strongest predictor
of wasting and the fifth of being under-
weight. Occupation influences income,
access to health care services, and qual-
ity and quantity of food available (Babar
et al. 2010; Abraham et al. 2015; WHO
2017). Low-income households often
struggle to provide nutritious food and
cover medical expenses for their children,
resulting in undernutrition (French et al.
2019). Therefore, child undernutrition
is very high in developing countries, in-
cluding India (Vyas et al. 2011).

This study also suggests that the fa-
ther’s occupation is one of the strong-
est predictors of wasting and the second
strongest predictor of being underweight,
and fathers seem to be the main earning
member of the family. World Health Or-
ganization (2023) states that air pollu-
tion within the household was responsi-
ble for an estimated 3.2 million deaths of
children under the age of 5 years (WHO
2023Db), and cooking in living rooms may
be the primary cause of household air
pollution. Although the present study
did not estimate household pollution,
the relationship between smoking and
undernutrition has not been examined.
This study treats separate kitchens
as socio-economic indicators. However,
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a study also reported that children from
households without separate kitchens
have frequently experienced undernu-
trition (Mondal and Paul 2020). The
present study also found that a separate
kitchen is one of the strongest predictors
of wasting and being underweight. This
determinant is considered a proxy indica-
tor of socio-economic status. The present
study revealed that there are several de-
terminants of the different forms of un-
dernutrition among the studied children.
These determents comprise socio-eco-
nomical, demographic as well as so-
cio-behavioral. The optimal living stand-
ards are very scarce among the studied
children. The economic upliftment may
bring the optimal living standard which
accompanies the good health and nutri-
tional status of the younger children.

Conclusion

The present study finds that undernutri-
tion seems to be a serious health among
rural Muslim preschool children in the
study area. Exclusive breastfeeding, house-
hold income, mother’s age at childbirth,
birth weight, maternal educational status,
household income, separate kitchen, and
birth order are significant predictors of
childhood nutritional status. Therefore,
the appropriate authorities should take
effective policies of skill enhancement
programs aimed at boosting household
income, which can directly contribute to
better nutritional outcomes. Additionally,
the government should actively promote
awareness programs that focus on educat-
ing communities about essential issues
like the importance of exclusive breast-
feeding, low birth weight, child health,
eliminating child marriage, mother educa-
tion, and family planning. Also, promot-
ing the involvement of Non-government

Organizations (NGOs) is a prerequisite
for implementing different awareness
programs and strategies to improve child
health and nutritional status.
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nT number of triradii (category) 1 ‘

2
raw number of triradii 0 1 2 ?
. tended ulnar radial concentric spiral central lateral twin accidental
pattern type plain arch
arch loop loop whorl whorl pocket | pocket loop pattern

abbreviation A T u R We Ws cP LP TL Acc

raw number of cores 0 1 2 ?
nC number of cores (category) 1 2

Table S1. Correspondence of the variables used in the study - categories of number of triradii (nT) and
categories of number of cores (nC) — to number of triradii and cores, and respective pattern types in

traditional dermatoglyphic methodology

/NA/X et //umar_.oop \ oo
=
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Fig. S1. Examples illustrating traditional dermatoglyphic patterns on black-ink fingerprints; for the right
hand fingers the loops represents imprints of the annotated radial and ulnar loops; scheme of the true

whorl represents a spiral whorl type
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Fig. S2. An artificial example illustrating ridge count variables; two dermatoglyphic patterns are schemati-
cally depicted — radial loop on the 2 finger and central pocket on the 4t finger — along with triradii and
cores (yellow points), lines connecting them and red points on the crossing of the lines and epidermal
ridges. Counts of the red points represent the ridge counts. Radial loop has one triradius on the ulnar
side, no triradius on radial side and one core, hence formally RCr equals zero, while central pocket has
two triradii and one core point, hence it has two non-zero ridge counts; respective within-finger differ-
ences (WID) and between-finger differences (BfD) are also computed for this example. According to the
basic categories these patterns are classified as a whorl and a loop. The lower row represents compari-
son of this artificial case (dashed verticals) with ridge-count variables variation in the recorded sample






CONTENTS

© Gabriel Sunday Oladipo, Emmanuel Afolabi, Bukola Blessing Johnson,
Oghenefego Michael Adheke - Outer and Inner Canthal Distances and their
Stature Estimation Potentials among Nigerian Igbos and Ibibios Residing in
Rivers State, Nigeria

© Shaonee Saha, Reetapa Biswas - A Cross-Sectional Approach in Unveiling the
Prevalence, Anthropometric Measurements, and Risk Factors of Eating
Disorders among Bengalee Adolescent Females

© Pavlinalngrova, Mirosvlav Kralik, Lenka Polcerova, Véra Pavlikova,
Ondrej Klima, Martin Cuta - Relationships between Sociosexuality and
Dermatoglyphic Traits

© Piotr Pawet Chmielewski, Krzysztof Chmielowiec - The Association of Body
Temperature with Longevity: Insights from Historical Cohorts

© Janatin Hastuti, Ashwin Prayudi, Neni Trilusiana Rahmawati, Noorman Hendry
Fauzi, Rusyad Adi Suriyanto - Sexual Dimorphism in Estimated Stature from
Long Bones in Gilimanuk, Semawang, Plawangan, and Recent Sample in
Indonesia

© Sk Anamul Hoque, Md Anisujjaman, Kaushik Bose, Sadaruddin Biswas
- Prevalence of Undernutrition and its Socio-Demographic Determinants
among Rural Bengalee Muslim Preschool Children of Bankura District, West
Bengal, India

ANTHROPOLOGICAL REVIEW

I“SS“\“ 18986‘?‘7“”
9 '771898 677001




	Gabriel Sunday Oladipo, Emmanuel Afolabi Bukola Blessing Johnson, Oghenefego Michael Adheke
	Outer and Inner Canthal Distances and their Stature Estimation Potentials among Nigerian Igbos and Ibibios residing in Rivers State, Nigeria

	Shaonee Saha, Reetapa Biswas
	A Cross-sectional Approach in Unveiling the Prevalence, Anthropometric Measurements, and Risk Factors of Eating Disorders among Bengalee Adolescent Females

	Pavlína Ingrová, Miroslav Králík, Lenka Polcerová, Věra Pavlíková, Ondřej Klíma, Martin Čuta
	Relationships between Sociosexuality and Dermatoglyphic Traits

	Piotr Paweł Chmielewski, Krzysztof Chmielowiec
	Janatin Hastuti, Ashwin Prayudi Neni Trilusiana Rahmawati, Noorman Hendry Fauzi Rusyad Adi Suriyanto
	Sexual Dimorphism in Estimated Stature from Long Bones in Gilimanuk, Semawang, Plawangan, and Recent Sample in Indonesia

	Sk Anamul Hoque, Md Anisujjaman, Kaushik Bose, Sadaruddin Biswas
	Prevalence of Undernutrition and its Socio-Demographic Determinants among Rural Bengalee Muslim Preschool Children of Bankura District, West Bengal, India

	Bookmarks from OKLADKA_druk_1str.pdf
	Bookmarks from OKLADKA_druk_4str.pdf

