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AssTrACT: Generation Z, unlike any generation before them, lives in an era of rapid and global technological
change, where most activities take place online. This lifestyle has significant implications for the well-being
and health of internet users. The question is whether the contemporary socio-economic status (SES) and
biological profile of Generation Z ‘immersed’ in new technologies is a universal phenomenon, independent
of the country of residence. This study sets out to identify similarities and differences in the socio-economic
and biological characteristics of Generation Z students from three European Union countries. Data were
collected directly in France, Slovakia, and Poland. We used a survey questionnaire and non-invasive anthro-
pometric measurements in Generation Z respondents (n=157). Our results show that there is a significant
relationship between country of residence and three SES indicators: income, self-rated financial situation
and time spent online, as well as three biological measures: body mass index (BMI), relative fat mass (RFM)
and waist circumference (WC). Country of residence only partly explains the similarities and differences
in the socio-economic status and biological characteristics of Generation Z students. In terms of SES, the
participants’ profile is significantly influenced by financial situation, i.e. the student’s monthly disposable
income and self-assessed financial situation, as well as time spent online. In turn, for biological factors, the
significant measures are: BMI, RFM and WC.
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Introduction

People of the same generation tend to
share a similar outlook and, as they ma-
ture, they develop certain distinctiveness
that makes them different from previous
generations: behaviors, work ethics, at-
titudes, learning and motivational skills
(Yadav et al. 2017). Generational studies
are based on K. Mannheim’s classic 1928
concept of cohorts (1952). Mannheim
defined a generation as a group of peo-
ple with common experiences, such as
having lived through important histori-
cal events, having a similar position in
society, or sharing a similar living space.
The main argument in favor of a gener-
ational approach to research is therefore
that each cohort has similar patterns of
behaviour in terms of work, leisure and
consumption (Barron et al. 2017).

The global prevalence of obesity has
almost tripled since 1975, mainly due to
increasingly sedentary lifestyles and less
healthy diets. In May 2022, the WHO
released its latest update on the obesity
pandemic in Europe, reporting that 60%
of European citizens are either overweight
or obese, and highlighting the impact of
the obesity pandemic (Boutari et al. 2022).

One measure that can be used to as-
sess the well-being of an individual or
group of individuals is socio-economic
status (SES) (Sahni et al. 2017). SES is
defined by indicators such as occupa-
tional status, income level, educational
attainment, lifestyle, leisure activities
among others. In our investigation of the
characteristics of Generation Z, we made
two assumptions: place of residence — EU
countries, and type of activity — universi-
ty students of economics.

Generation Z is made up of people
who were born between the mid-1990s
and 2010 (Lavickaite 2010; Goh et al.

2018), although there is no exact date
range. In 2015, one in six people in the
world belonged to Generation Z, with an
age range of 15 to 24 years (World Popu-
lations Prospects 2022). In the European
Union, on the other hand, almost 11%
of the population could be classified as
Generation Z in the year of this study,
which corresponds to around 49 million
people (Eurostat calculations of the per-
centage of people aged 15-24).

When describing Generation Z, their
immersion in new technologies and con-
stant online presence are highlighted as
key characteristics (Kall 2015). No previ-
ous generation has lived in an era where
technology has changed at such a rap-
id pace and been so readily available to
young people (Turner 2015). In new tech-
nologies, Generation Z finds ways to have
fun, learn, relax and connect with others.

Generation Z is perceived as a distinct
generation, largely due to their relation-
ship with modern technologies. They are
also known as ‘digital natives’, ‘zoomers’,
the et generation’, ‘generation next’ or
‘generation C’ (connected), the ‘Facebook
generation’, and the first truly global gen-
eration. It is a generation of university
students these days, but soon they will
become the leading workforce (Mladko-
va 2017). Generation Z will most likely
make more intensive and more efficient
use of new technologies in their own
work and in their careers than their older
colleagues. The use of the internet in al-
most every aspect of life provides Genera-
tion Z with tremendous opportunities to
gain knowledge, skills and information.
It is difficult to predict now how such
widespread use of digital tools will affect
their professional development, their per-
sonal lives and whether it will affect their
health. On the one hand, it is predicted
that, in the near future, higher paid jobs
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will involve the use of new technologies
and that using them will become a down-
right necessity (World Economic Forum
2023). Digital skills gaps will undermine
earning capacity, increasing social stress
(Lin et al. 2017; Stark 2023). On the oth-
er hand, a growing number of authors are
drawing attention to the adverse health
effects associated with excessive use of
new technologies, including the problems
of sedentary behavior and obesity. Excess
body fat is particularly dangerous as it
has been implicated as a causative factor
in a number of lifestyle diseases (Ashwell
et al. 1996; 2014). Obesity, which can
be caused by too much sugar in the diet,
too little physical activity, chronic stress
and too little sleep, is a particular threat
to Generation Z because of their almost
constant and widespread use of the in-
ternet. In 2019, 98.4% of individuals
aged 16-24 years used the internet and
less than 1% did not use the internet at
all (Eurostat on internet use among
16-24-year-olds). At the same time,
a significant percentage (94%) used the
internet on a daily basis (Eurostat Daily
use of the Internet).

The aim of this paper is to identify
similarities and differences in the so-
cio-economic and biological character-
istics of students from Generation Z in
France, Slovakia and Poland. The fol-
lowing hypothesis was formulated: the
socio-economic and biological condition
of Generation Z is independent of coun-
try of residence. In this study, SES was
determined by the following indicators:
monthly income (pocket money), work,
self-assessed financial situation, having
career plans for the next five years, time
spent online and frequency of exercise.
The analysis of biological factors was
based on the following somatic indica-
tors: body mass index (BMI), relative fat

mass (RFM), waist circumference (WC)
and hand grip strength (HGS), as well as
self-assessed health status. Although the
students surveyed were representative of
Generation Z, this study does not claim
to offer conclusions about Generation
Z as a whole, as the sample size is too
small to reach such conclusions.

Material and methods

Our study did not require ethics clear-
ance as confirmed by the Bioethics
Committee of Uniwersytet Szczecinski
(10 March 2025). The research materi-
al consisted of data collected from stu-
dents (n=157) in three countries: France
n=36 (17 malex and 19 femalex), Slo-
vakia n=56 (15 malex and 41 femalex)
and from Poland n=65 (26 malex and 39
femalex) (Table 1). The mean calendar
age of the respondents was 20.95 years
(max=25.23; min=17.24; Me=20.71),
with the mean age in France below 20
years. Convenience sampling was used
(Teddlie and Yu 2007). Material was col-
lected in 2019 and 2020 (prior to the
COVID-19 pandemic). The French re-
spondents were students at the Université
Grenoble Alpes, the Slovak students at
the Matej Bel University, Faculty of Eco-
nomics, Banska Bystrica, and the Polish
students at the University of Szczecin in
Szczecin. All respondents were studying
business-related programmes.

The material was collected through
non-invasive anthropometric measure-
ments taken by the authors and through
a questionnaire completed by the stu-
dents. We conducted a pilot study to
pre-test the questionnaire structure and
a survey to determine the amount of
monthly disposable income available to
students according to their subjective as-
sessment by country.
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Table 1. Key numerical characteristics of the study group

Variant Number (%]
Gender M 58 36.94
F 99 63.06
France 36 22.93
Country Slovakia 56 35.67
Poland 65 41.40
all M F
Mean calendar age France 19.56 19.47 19.64
[years] Slovakia 21.33 21.97 21.10
Poland 21.38 21.78 21.12

The research form was designed with ~ °
a clear graphic layout. For each question,
you had to mark your answer by putting
an X in the appropriate box, choosing one
of the available options. The question- ¢
naire was developed in three language
versions: Polish, English and French.
The research form (questionnaire and
anthropometry) was anonymous. All re-
spondents gave verbal consent to partic-
ipate in the study. Immediately after the
interview, the date of the interview was
recorded on each form, which was rough-
ly checked for the completeness of the
answers and anthropometric measure-
ments. It is important to note the high
level of interest among students in their
body measurements and the health con-
sequences of abnormal body weight in all
three countries included in the study. .

The following personal information
was collected:
* date of birth — calendar age calculated

in years and decimals,
» gender,
* country of residence. .

Body measurements were taken ac-
cording to the anthropometric technique
(Martin 1958):
* body height (B-v) (Basis-vertex) [in

cm|, using an anthropometer, with

0.1 cm accuracy,

body weight [in kg], with 100 g accu-
racy,

waist circumference [in cm], using
a metric tape, with 0.5 cm accuracy,
dynamometry (hand grip strength,
HGS) [in kg|, readability 0.1 kg,
capacity 80 kg ~measured with
KERN&Sohn GmbH dynamometer
(version 1.0) and Grip Strength Rat-
ings for Males and Females source:
Camry Electronic Hand Dynamom-
eter Instruction manual. Hand grip
strength was measured three times in
the dominant hand, with appropriate
rest periods between trials. The high-
est recorded HGS value was used for
analysis.

Body measurements were used to cal-

culate somatic indices:

Body Mass Index (BMI) BMI=body
weight [in kg]/(B-v)? [in m] interpreted
according to the WHO classification:
underweight, normal weight, over-
weight, obese, morbidly obese. WHO
standards for BMI (WHO 2023a).

Waist Circumference (WC) WC=waist
circumference <% body height [in
cm]| (Ashwell et al. 1996). Waist cir-
cumference should be less than half
the person’s height. Ratio of waist
circumference to height is a strong
predictor of intra-abdominal fat. In
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this article, the authors use the abbre-
viation WC for this indicator, where
normal WC is <% of body height and
abnormal WC is > of body height.

e Relative Fat Mass (RFM) index; for
men RFM = 64 — (20 X height/waist
circumference), for women RFM = 72
- (20 x height/waist circumference);
normal RFM: <25% for men, <35%
for women (Woolcott et al. 2018;
Woolcott and Seuring 2022).

The questionnaire included ques-
tions on:

e The student’s monthly disposable in-
come: low (up to EUR 100 in France;
up to EUR 50 in Slovakia; up to PLN
300 in Poland), medium (EUR 101-
150 in France; EUR 51-100 Slovakia;
PLN 301-500 in Poland), high (more
than EUR 150 in France; more than
EUR 100 in Slovakia; more than PLN
500 in Poland).

¢ Self-assessment of financial situation:
very bad; bad; average; good; very
good.

* Student’s paid work: yes; no.

e Career plans for the next 5 years: Yes,
I have; No, I have not; I do not know.

* How many hours a day the student
spends online: 0 hours; 1-3 hours;
4-6 hours; 7 and more hours.

e How often does the student do
sports during the week: Not an all;
1 time; 2-3 times per week; 4 times
0T more.

o Self-assessment of health status: very
bad; bad; average; good; very good.
The data collected in this study were

analysed using univariate and bivariate

data analysis. In terms of univariate
analysis, the classic measures of de-
scriptive statistics were used: frequency
distribution, arithmetic mean (x), min-
imum (min), maximum (max), median
(Me) and standard deviation (SD). To

determine the similarities and differ-
ences in the analysed characteristics of
the respondents, the Mann-Whitney
U test (Z) was used if there were only
two variants (e.g. gender) and otherwise,
the Kruskal-Wallis ANOVA by ranks
(H) was used. In order to measure the
strength and causality of the relation-
ships between variables, we used the ad-
justed Pearson contingency coefficient
(C). The relationships between variables
were tested for significance using Pear-
son’s x> test of independence.

Results

Characteristics of Generation Z
respondents

Respondents described their financial sit-
uation as good (46%) or average (40%).
Almost 60% of the students surveyed
were working. They reported a high level
of monthly disposable income (67%) and
had specific career plans for the next five
years (62%). Respondents described their
health as good (48%) or very good (25%)
and said they exercised 2-3 times a week
(45%). Almost half of those surveyed
(48%) spent between four and six hours
a day online.

The objective assessment of the re-
spondents’ health status, based on their
somatic indicators, is generally consist-
ent with their subjective assessment. Six-
ty percent of respondents had a normal
BMI, 78% had a normal ratio of waist
circumference to height (WC), 76% had
a normal RFM, and over 41% had above
average hand grip strength. Detailed in-
formation on the distribution of these
biological characteristics by country and
gender of respondents is presented in Ta-
bles 2 and 3.



6  Ewa Frqckiewicz, Ewa Rebacz-Maron, Rafat Czyzycki, Ghislaine Pellat, Jana Marasovd

Table 2. General biological characteristics of respondents

Country  Gender X Me Min Max SD

all 170.89 171.50 156.00 189.00 8.66

France M 178.26 178.00 169.00 189.00 4.72

F 164.29 164.00 156.00 173.00 5.36
all 171.53 169.50 153.00 203.00 10.06

i‘;ﬂ]y height g vakia M 182.73  181.00  170.00  203.00 8.51
F 167.43 167.00 153.00 183.00 7.03

all 171.16 170.00 152.50 190.60 9.10

Poland M 179.32 178.60 164.50 190.60 6.72

F 165.73 167.00 152.50 176.40 5.81

all 65.23 63.5 46.90 92.60 12.91

France M 75.93 76.90 57.00 92.60 9.76

F 55.66 55.50 46.90 64.60 5.90
all 69.17 63.70 44.60 116.00 17.07
ﬁ;‘]i‘/ weight g vakia M 84.10 83.00 63.70 116.00 16.63
F 63.58 58.75 44.60 112.50 13.65
all 75.84 75.80 44.90 178.70 19.85
Poland M 87.34 82.80 44.90 178.70 23.62
F 68.17 68.40 48.80 96.10 12.07
all 34.93 34.25 20.30 55.70 10.24

France M 44.49 44.20 37.00 55.70 4.71

F 26.37 25.90 20.30 38.20 4.54
all 35.01 31.50 14.80 59.80 11.77

Eﬁ;ﬂd stength 1 ovakia M 51.01 51.60 32.00 59.80 7.78
F 28.53 28.20 14.80 37.90 4.77
all 37.72 34.40 20.40 62.70 11.58

Poland M 49.21 51.25 20.40 62.70 9.04

F 30.05 28.20 23.50 38.60 4.63

Table 3. Self-assessment of health [by category]
Country  Very bad Bad Average Good Very good

How would you France 0.00 2.78 16.67 33.33 47.22
describe your Slovakia 0.00 1.85 29.63 53.70 14.82
health status? [%] Poland 1.54 1.54 26.15 50.77 20.00
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Effect of country of residence on SES

Financial and working status

Respondents from different countries dif-
fered statistically significantly in terms
of their reported disposable income
(C=0.4854, p=7.0E-06) and the asso-
ciated self-assessment of financial situ-

ation (C=0.3868, p=1.33E-02). A high
level of monthly income was reported by
more than 47% of French respondents,
55% of Slovaks and 86% of Poles. At
the same time, 57% of the French, 43%
of the Slovak and 66% of the Polish re-
spondents considered their financial sit-
uation to be at least good (Table 4).

Table 4. Monthly income and financial situation of respondents

Country Low Medium High

France 30.56 22.22 47.22
X‘fs}if(fsfbﬁlﬁc?ﬁffzh[l?] Slovakia 10.71 32.14 55.35

Poland 1.54 12.31 86.15

Very bad Bad Average Good Very good

How would you describe France 0.00 0.00 33.33 28.89 27.78
your financial situation? Slovakia 1.79 1.79 53.57 39.29 3.56
(%] Poland  0.00 1.54 32.31 55.38 10.77

Respondents’ country of residence
had virtually no effect on their attitude
to working while studying (C=0.0182,
p=0.9851). Having a paid job was re-
ported by 58% of students from France,
59% of students from Slovakia and 60%
of students from Poland (Table 5). Stu-
dents’ country of residence had a great-
er, though still statistically insignifi-
cant, effect on their attitudes towards
career planning for the next five years
(C=0.2480, p=0.1520). More than 72%
of the French students, half of the Slovak
students and nearly 68% of the Polish

students reported that they had specific
plans in this respect. Eight percent of the
French, 21% of the Slovak and 11% of
the Polish students had no career plans
at all, while the rest said that they did
not know what they wanted to do profes-
sionally in the near future (Table 6).

Table 5. Respondents with a paid job

Country Yes No
France 58.33 41.67
Do you do
paid work? Slovakia 58.93 41.07
(%) Poland 60.00 40.00

Table 6. Respondents with career plans for the next 5 years

Country  Yes, I have a plan

No, I have no I do not what I want to do

plans in the nearest future
France 72.22 8.33 19.44
Career plans for
the next 5 years  Slovakia 50.00 21.43 28.57
(%) Poland 67.69 10.77 21.54
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Sport and time spent online

Country of residence also significantly
influenced the intensity of internet use.
All respondents said that they spent at
least one hour online during the day.
In turn, four or more hours a day on-
line were reported by 43% of the French,
more than half of the Slovaks (55%) and
almost three quarters of the Poles (72%)
(C=0.3512, p=7.1E-03). On the other

Table 7. Sport and time spent online

hand, place of residence had no signifi-
cant effect on the frequency of physical
activity. The respondents were physi-
cally active. Exercising twice a week or
more was reported by 67% of students
from France, 57% from Slovakia and
54% from Poland (C=0.2031, p=0.3444)
(Table 7). Nine per cent of Slovaks and
20% of both French and Polish students
did not do any sport at all.

Country Never Once 2-3 times per week 4 times or more
How often do France 19.44 13.89 52.78 13.89
Z?l‘rligz ohort® ;. Slovakia 8.93 33.93 44.64 12.50
[%] Poland 20.00 26.15 41.54 12.31
Country 0 1-3 4-6 7 and more
How many hours France 0.00 58.33 36.11 5.56
;iiydd;nﬁ; Slovakia 0.00 44.64 50.00 5.36
[%] Poland 0.00 27.69 52.31 20.00

Effect of country of residence on
biological characteristics

Body Mass Index

The place of residence of the respondents
was significantly associated with BMI val-
ues (C=0.4439 p=5.0E-03). Normal BMI
was found in 78% of the French, 61% of
the Slovaks and 50% of the Poles (Table 8).
At the same time, the mean BMI in each

Table 8. BMI by country and gender of respondents

country was higher for male students than
for female students, and for both males
and females, it was lowest for students
from France and highest for students from
Poland. Obesity and morbid obesity were
found only among respondents from Slo-
vakia and Poland, and were more com-
mon among males. On the other hand,
BMI values indicating underweight were
observed in women from Slovakia.

Country Gender X Me Min Max SD
M 23.92 22.89 19.49 29.23 3.19
France
F 20.60 20.01 18.52 24.09 1.70
M 25.19 24.63 20.22 36.30 4.75
BMI Slovakia
F 22.69 21.69 17.08 41.83 4.86
M 27.17 25.19 16.59 55.96 7.43
Poland
F 24.78 24.14 18.59 33.85 3.97
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Waist Circumference

The same, as above, is true for the re-
lationship between the country of res-
idence and the waist adiposity index.
Overall, more than 78% of respondents
had a healthy waist adiposity index, but
there were significant differences in this
value according to the respondents’ coun-

Table 9. WC by country and gender of respondents

try of residence (C=0.2522, p=0.0494).
Among French students, 89% (and 100%
of women) had a healthy WC, while
among Slovaks it was just over 82% (88%
of women). Polish students had the worst
parameters in this respect, with just un-
der 70% (74% of women) not having ex-
cessive abdominal fat (Table 9).

Country Gender Normal WC Abnormal WC

M 76.47 23.53
France

F 100.00 0.00

M 66.67 33.34

WC %) Slovakia

F 87.80 12.20

M 61.54 38.46
Poland

F 74.36 25.64

Relative Fat Mass

Country of residence of the respondents
also had a statistically significant effect
on changes in RFM (H=6.17, p=0.0457).
With a mean of 27.3% for all students ex-
amined (22.03% for males and 30.45% for
females), normal values were observed in

82.35% of French males, 66.67% of Slo-
vak males and 65.38% of Polish males
and 100% of French females, 80.49% of
Slovak females and 69.23% of Polish fe-
males. Detailed information on RFM val-
ues in each country, by gender of the stu-
dents examined, are shown in Table 10.

Table 10. Relative Fat Mass (RFM) index by country and gender

Country Gender X Me Min Max SD

all 24.92 26.39 12.22 33.94 6.24

France M 19.90 20.47 12.22 27.67 5.05

3 29.41 29.04 25.03 33.94 2.83

all 27.14 27.14 15.95 43.84 6.17

EE]M Slovakia M 22.10 20.10 15.95 31.34 5.31
F 29.08 28.06 19.86 43.84 5.38

all 28.75 28.32 14.15 42.63 6.51

Poland M 23.38 22,57 14.15 33.93 4.79

F 32.32 32.05 24.06 42.63 4.85

Hand strength

In contrast to the above, the maximum
hand strength values were not significantly

associated with the place of residence of
the respondents (H=3.2336, p=0.053).
In nominal terms, the highest mean
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strength was found among the male stu-
dents from Slovakia (51.01=7.78 kg),
followed by those from Poland
(49.21+9.04 kg), and the lowest
among the male students from France
(44.49+4.71 kg). On the other hand,
among the female students, the

strongest average grip was recorded by
Polish students (30.05+4.63 kg, fol-
lowed by Slovak (28.53+4.77 kg) and
the French (26.37+4.54 kg). Statis-
tics for the maximum grip strength by
country and gender are presented in Ta-
ble 11.

Table 11. Hand Grip Strength (HGS) by country and gender

Country Gender X Me Min Max SD
M 44.49 44.20 37.00 55.70 4.71
France
F 26.37 25.90 20.30 38.20 4.54
Max HGS _ M 51.01 51.60 32.00 59.80 7.78
kel Slovakia
(kg F 28.53 28.20 14.80 37.90 4.77
M 49.21 51.25 20.40 62.70 9.04
Poland
F 30.05 28.20 23.50 38.60 4.63

Grip strength is an indicator of overall
skeletal muscle strength. After all, hands
are used in most daily physical activities.
Dynamometry can be used as a comple-
mentary parameter in the diagnosis and
prognosis of health, as well as in the
course of recovery (Rantanen et al. 2003;
Sasaki et al. 2007).

Self-assessment of health

In the analysis of self-assessed health
status, there is no statistically significant
relationship between the country of res-
idence of the respondents and self-per-
ceived health (C=0.3487, p=0.0530).

Irrespective of country of residence, men
were more likely to rate their health as
bad or very bad. This was the case for
almost 5% of French male students and
just over 1% of French female students,
7% of Slovak males and no Slovak fe-
males, more than 3% of Polish males and
just under 2% of Polish females. At the
same time, men were also more likely
to rate their health as very good. Almost
22% of French males and 15% of French
females, 35% of Slovak males and 26% of
Slovak females and 31% of Polish males
and 26% of Polish females made such
a self-assessment (Table 12).

Table 12. Self-assessed health status by country and gender

Country Gender  Very bad Bad Average Good Very good
M 2.44 2.44 21.95 51.22 21.95
France
0.00 1.28 30.77 52.56 15.39
How would you
describe your . M 2.33 4.65 18.60 39.53 34.89
health 2 Slovakia
[;]a th status: F 0.00 0.00 25.86 48.28 25.86
M 0.00 3.13 28.12 37.50 31.25
Poland
F 0.00 1.73 22.41 50.00 25.86




Generation Z Socio-economic and Biological Traits 11

Summary of results

The results of our study suggest that the
place of residence of Generation Z re-
spondents has an impact on both their
socio-economic and biological character-
istics (Table 13). Even though the coun-
tries included in the study are all member
states of the European Union, which is
committed to reducing economic inequal-
ities, and although the respondents rep-
resent the same ‘occupation’, income and
the associated subjective assessment of fi-
nancial situation is a differentiating factor.
On the other hand, one would expect that
growing up surrounded by new technolo-
gies in every aspect of life would result in
similar and significant amounts of time
spent online by Generation Z. However,
French members of Generation Z spend
significantly less time on these activities

than their Polish and Slovak counterparts.
What members of Generation Z have in
common is having career plans and work-
ing while studying, which could be attrib-
uted to the similar ‘occupational’ status
of the respondents. In turn, the findings
related to sports participation are inter-
esting — this aspect of Generation Z’s life
appears to be universal. The majority of
respondents in each country participate in
sport, with the highest number in Slova-
kia, and in each country doing sport 2-3
times a week was the most common an-
swer. This may explain the high self-as-
sessment of health status regardless of
the country. However, objective indicators
such as BMI, RFM and WC appear to con-
tradict the above. In this respect, French
respondents have the best biological body
parameters, while Generation Z students
from Poland have the worst.

Table 13. Associations between SES and biological characteristics and country of residence

Measure Tetonship PV elstonshiy
monthly income C=0.4854 7.00E-06 yes
time spent online C=0.3512 7.08E-03 yes

SES self-assessment of financial situation C=0.3868 1.33E-02 yes
career plans C=0.2480 1.52E-01 no
sport C=0.2414 3.44E-01 no
work C=0.0182 9.85E-01 no
BMI C=0.4493 5.00E-03 yes
RFM H=6.1700 4.57E-02 yes

Eigigigﬂ WC C=0.2522 4.94E-02 ves
self-assessment of health C=0.3487 5.30E-02 no
hand strength H=3.6899 1.58E-0.1 no

‘p-value<0.05
Discussion much research and scientific interest in

The relationship between SES and human
biological characteristics is the subject of

economics, human biology, sociology and
other disciplines concerned with the en-
vironmental determinants of human life.
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The components of SES are selected ac-
cording to the objectives of the particu-
lar study, its scope and the availability of
data. The cultural differences of the envi-
ronment being studied must also be taken
into account. But whatever the cultural
factors, Generation Z, ‘immersed’ in new
technologies, may end up paying a very
high price for being constantly connected.
A sedentary lifestyle promotes excessive
body weight, leading to overweight and
obesity, which are associated with pre-
mature mortality, cardiovascular disease,
hypertension, degenerative joint disease,
certain cancers, diabetes, among others.
(WHO 2023Db). More than one billion
people worldwide are obese — 650 million
adults, 340 million adolescents and 39
million children. This number contin-
ues to grow. The WHO estimates that by
2025, approximately 167 million people
— adults and children — will become less
healthy because they are overweight or
obese (WHO 2022).

The lifestyles of today are very differ-
ent from those of just 20 years ago. Peo-
ple living today still remember a world
without constant access to the internet,
the telephone and the many sources of
information that are now commonplace
and almost indispensable. Generation Z,
on the other hand, has never known a life
without internet technology. This char-
acteristic is universal, just as new tech-
nologies are universal and global. The
presence of technology in every aspect of
life, together with the time spent online,
influences lifestyles and, consequently,
well-being. This suggests that members
of Generation Z will share many com-
mon characteristics, regardless of where
they live. Arseni et al. (2020) studied stu-
dents and found a moderate relationship
between BMI and the number of hours
spent on smartphones over the weekend.

The authors found that smartphone use,
irrespective of purpose, led to reduced
engagement in physical activity. This
phenomenon is concerning, due to the
increasing amounts of time spent online.

Meanwhile, the Generation Z re-
spondents differ both in terms of SES
and the biological characteristics of their
bodies. In the first place, they differ in
terms of their economic situation, both
monthly disposable income and subjec-
tive assessment of financial situation,
which could be attributed to the differ-
ent level of economic development in
each country. In turn, one would expect
them to spend similar amounts of time
online. However, it turned out that the
Polish students spent the most time on-
line, followed by the Slovaks, with the
French spending the least time online.
Time spent online may influence adipos-
ity rates in Generation Z representatives
from different countries, despite similar
levels of physical activity. We found that
adiposity rates of Generation Z, as meas-
ured by BMI, RFM as well as WC, also
vary from country to country. In fact,
the best results in this regard were ob-
served among the students from France,
followed by those from Slovakia, with
Polish students coming in last. This sug-
gests that there is a direct correlation be-
tween the amount of time spent online
and the biological body characteristics of
Generation Z. A more in-depth explora-
tion of this correlation will be the subject
of future research.

Socio-economic status is strongly
influenced by the living environment.
Therefore, in order to minimise the
number of confounding factors influ-
encing the variables of SES, the study
focused on students, i.e. people in a sim-
ilar life situation and at the same stage of
life, living in the EU. It was assumed that
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they would also share the same lifestyle
associated with new technologies, which
they use as a source of both knowledge
and entertainment.

The socioeconomic status of a fami-
ly affects the upbringing of the children
growing up in it. According to Hemmere-
chts et al. (2017), early involvement of
parents and carers in reading with their
child speeds up the reading process and
helps them to be more successful at
school. Attitudes to education, sport,
health, the environment and much more
are formed from an early age. Parental
involvement in the child’s overall educa-
tion is strongly associated with parental
education and the SES of the family en-
vironment. In our study, the French stu-
dents had the lowest rates of overweight
and obesity, which may be related to
higher SES and greater parental aware-
ness in the French academic community
under study. Similar observations have
been made by other researchers regard-
ing the effect of parental education and
family SES on children’s success. Azhar
et al. (2014) showed a correlation of stu-
dent success with parental education and
family SES. Parental education increases
the chances of educational success for
the children. In our study, we did not ex-
amine the education of the parents of the
students analysed, but self-assessment
of financial situation is related to family
SES and indirectly to parental education.
In addition, the fact that the student
is earning extra money (student’s paid
work) is an indication of the student’s
determination and resourcefulness.

Interesting research was done by
Sainz et al. (2021), who found that low-
er socio-economic status positively cor-
related with more meta-dehumanisa-
tion and poorer well-being. Brown et al.
(2005) in their study set out to answer

the question of whether individual so-
cio-economic status (as determined by
income from work) and community-level
SES predicted the onset of stroke (taking
into account patients’ lifestyle and health
status). Using logistic regression, they
were able to confirm that both individ-
ual and community socio-economic sta-
tus can predict the onset of stroke. They
found that average household income
was the most powerful community-lev-
el measure of socio-economic status for
predicting stroke. The onset of stroke
was significantly predicted by individual
income and average household income
both independently and after taking
into account individual behavioural and
medical risk factors. The study found
that individual income was a significant
predictor of smoking and obesity, while
community socioeconomic status was
significantly associated with heart dis-
ease, alcohol and tobacco use, diabetes
and obesity (Brown et al. 2005).

The association between SES and
hypertension was analysed by Colhoun
et al. (1998) based on the available lit-
erature from 1966-1996. Mortality rates
from hypertension-related disorders, in-
cluding coronary heart disease, hyper-
tensive heart disease, stroke and kidney
failure, showed an inverse relationship
with SES. Lower SES was associated with
higher mean blood pressure in almost
all studies conducted in developed coun-
tries. This phenomenon was observed
more frequently in women. In contrast,
in undeveloped or developing countries,
a direct relationship between SES and
blood pressure was often found, poten-
tially due to higher rates of obesity and
higher consumption of salt and alcohol
among those with higher SES. Under-
standing and preventing SES differences
in obesity, which are particularly marked
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in women, is a major challenge in reduc-
ing the impact of SES on hypertension.

Bapat et al. (2017) studied physical ac-
tivity, screen time and academic work in
the context of socio-economic status and
sleep duration in school-aged children in
India. The authors found that children of
the highest socio-economic status slept
nearly an hour and a half less than those
of the lowest socio-economic status. Chil-
dren of lower SES were more physical-
ly active and had more screen time, and
children of higher SES spent more time
studying. While screen time was inverse-
ly related with sleep duration, the biggest
influence on the relationship between so-
cio-economic status and sleep duration
was academic work. Physical activity did
not play a significant role. In India, there
is a strong inverse relationship between
academic work and sleep duration in chil-
dren and adolescents (Bapat et al. 2017).

Huikari et al. (2021) studied Finns
(6,169 men and 5,889 women) and found
that people with higher socio-economic
status were more likely to be physical-
ly active in their leisure time. This was
true whether SES was defined by income
level, education or occupation. After di-
viding the population studied (mean age
46, unfortunately not Generation Z) into
different socio-economic groups, based
on education, income and occupation,
the authors found that income was not
significantly associated with physical-
ly active leisure time in any of the SES
groups. The study demonstrated an in-
verse relationship between leisure-time
physical activity and time spent in front
of a screen (TV or computer) and other
aspects of an unhealthy lifestyle, and
a positive relationship with self-perceived
health (Huikari et al. 2021).

Time spent online and the availabili-
ty of a wide range of information on the

internet has created a misconception
among Generation Z that everything
they need for real life can be found on-
line. Unfortunately, the web cannot re-
place human interaction; it severely
limits physical activity and emotional
communication in family, school and
work life. It is currently difficult to pre-
dict the consequences for health (phys-
ical and mental) of ‘immersion’ in new
technologies.

Conclusions

Generation Z has been brought up in
a world of ubiquitous internet access,
which has had a role in shaping the traits
and values they have in common. They
see the world very differently from those
who came before them. Representatives of
Generation Z are forward-looking, while
remaining conservative in many aspects.
Generation Z is both fashionable and
timeless. As members of Generation Z
have already entered or are about to enter
the labour market, it is important that na-
tional social policies to include health pro-
motion programmes aimed at the physical
and mental wellbeing of young people. It
is interesting to note that young people in
Generation Z want to stand out from the
crowd, through clothing styles, unusual
passions, invasive body decoration. Gen-
eration Z strives for authenticity by fulfill-
ing their needs, taking care of themselves
and expressing themselves boldly, often
shocking older generations.

Country of residence is partly re-
sponsible for differences in the SES and
biological characteristics of people in
Generation Z. On the other hand, irre-
spective of where they live, Generation
Z have similar specific career plans, work
at similar rates while studying, rate their
health, similarly, engage in physical ac-
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tivity with similar frequency and have

similar hand grip strength.

It is most likely that the lack of a clear
relationship between country of residence
and the variables analysed in this study
can be attributed to environmental differ-
ences. The living environment has an im-
pact on economic and social situation as
well as on body shape. For Generation Z,
new technologies are a key element shap-
ing the living environment. It can be con-
cluded that natural factors (ambient fauna
and flora) continue to explain socio-eco-
nomic and health status. Nevertheless,
research findings show that the amount
of time spent online influences eco-sensi-
tive traits, especially body adiposity, in the
young adults in this study. This aspect is
something the authors plan to address in
future analyses. Due to the small sample
size, it is not possible to draw conclusions
about Generation Z as a whole. We plan
to explore this topic in more depth and
with a larger group of respondents.

The strength of the study is that it pre-
sents an original look at SES combined
with biological characteristics of Genera-
tion Z. It is also interesting to note that
the statistical analyses combine anthro-
pometric characteristics, referred to in
the paper as biological factors, with so-
cio-economic factors in an internation-
al context. The limitations of the study
include covering only a certain fraction
of Generation Z, namely students of
economics. The different ranges of birth
years used for Generation Z also make it
difficult to compare research results. The
sample size is too small to be representa-
tive of Generation Z as a whole.

Key concluding points:

1. The place of residence of Generation
Z respondents has an impact on both
their socio-economic and biological
characteristics.

2. Socio-economic status was determined
by the following indicators: monthly
income (pocket money), work, self-as-
sessed financial situation, having ca-
reer plans for the next five years, time
spent online and frequency of exercise.

3. Generation Z respondents differ both
in terms of SES and the biological
characteristics of their bodies.

4. Time spent online may influence adi-
posity rates in Generation Z represent-
atives from different countries, despite
similar levels of physical activity.

5. Itis predicted that, in the near future,
higher paid jobs will involve the use of
new technologies and that using them
will become a downright necessity.
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AsstraCT: Dental calculus is a creamish-yellow to brownish-black hard crust deposited on teeth, having the
dietary micro-remains, biomolecules, oral microbes and the secretions preserved in it over a long period
of time. It has served as a valuable source material for research in diverse scientific disciplines such as
anthropology, archaeology, microbiology and forensic sciences. The host and microbial DNA extracted
and sequenced from dental calculus deposits (DCD) have helped to establish the identity of unknown
individuals, and also the use of certain drugs, tobacco products by the individuals of the past as well
as contemporary human populations. The entrapped cellular as well as tissue fragments in calculus can
help in identification, reconstruction of dietary habits, food practices, manner of death/pathologies the
geographical and occupational affinity of ancient human remains. Calculus deposits gleaned from the
archaeological or paleontological specimens can be used to assess the shifts in oral microbiota compositions
and host-pathogen co-evolution as researchers have found calculus as rich source of oral microbiomes,
pathogens, dietary biomolecules, and host DNA. Advancing dental calculus research through validation
studies, technological innovations, interdisciplinary collaborations, longitudinal research, and ethical
considerations holds promise for its robust forensic anthropological utilizations. The current status of
anthropological, archaeological and microbial research involving dental calculus deposits, future challenges,
and its forensic anthropological significance are presented in this review article.
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Introduction

Reconstructing life-histories and health
status of past human populations has
remained a major subject of discussions
and debates in the anthropological re-
search domain (Wasterlain et al. 2011).
Teeth and bones have served as excellent
reservoirs of biomaterials, appropriately
suitable for identification of unknown
human remains and/or missing persons.
Among osseous human remains, teeth are
the strongest structures generally found
well preserved in most forensic anthropo-
logical contexts (Raj et al. 2013). During
the routine lifetime of an individual, the
oral microbiome and the micro-debris
circulating in human oral cavity often
build up to preserve as a tightly adhered
calcified dental plaque, called dental cal-
culus deposits (DCD). Dental calculus
is a creamish-yellow to brownish-black
hard crust deposited on the inner surface
of tooth or the dental prosthesis. The cal-
cified diverse bacterial biofilm (i.e., DCD)
structurally preserves and protects bacte-
rial cells from multiple external factors
more precisely than any other substrate,
and thus has potential to reveal the living
conditions of an individual (Willmann
et al. 2018). Dental calculus is a dense-
ly mineralized microbial biofilm formed
from assimilation of mineral salts in sal-
ivary and gingival fluids and it harbors
the dietary, microbial and environmental
information about an individual (Hardy
et al. 2009; Buckly et al. 2014; Warinner
and Lewis 2015; Weyrich et al. 2015; Gis-
mondi et al. 2018). The nature of mate-
rial and microbial remnants entrapped in
calculus depends upon the lifestyle, oral
hygiene, dietary habits, environmental
conditions, genetics, disease and health
status such as periodontitis and dental
crowding of the host (Weyrich et al. 2015;

Singh and Goel 2017; Fons-Badals et al.
2020; Blatt et al. 2022). Dietary, micro-
bial and host relationships can be con-
veniently established by examining only
one source material i.e., dental calculus
(Weyrich et al. 2015; Mann et al. 2018;
Ottoni et al. 2019; Ozga et al. 2019; Modi
et al. 2020).

Calculus is a sturdy and rigid mate-
rial that can be collected non-invasively
from jaw fragments and/or tooth sur-
faces. Even very minute quantities of
calculus can provide deep insights about
the geolocality, ecology and socio-cultur-
al affinity of an individual; thus, present-
ing a more holistic ante-mortem profile
of the unidentified individuals (Mackie
et al. 2017; Blatt et al. 2022). Dental
calculus serves as a vital bio-material
in situations where only heavily decom-
posed or badly degraded, damaged and
fragmented human remains of disturbed
skeletal conformity are available for fo-
rensic anthropological identifications.
Thus, it can be taken as a compelling bi-
ological material having crucial forensic
implications, especially in identification
of heavily damaged and severely degrad-
ed human remains.

Medically, the development and accu-
mulation of dental calculus is considered
an oral health problem by periodontists,
so calculus deposits are routinely re-
moved to maintain sound dental health,
and are discarded as a clinical waste ma-
terial. However, its scientific scrutiniza-
tion has significant forensic anthropolog-
ical and bio-archaeological implications.
Its deposition below the cervical line may
be the indicative of periodontitis or other
non-infectious diseases which, in turn,
may have different forensic or bio-ar-
chaeological interpretations (Muro and
Cucina 2024). Building up of calculus de-
posits usually compromises oral hygiene
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by promoting increments in pathogenic
plaque, resulting into excessive destruc-
tion of periodontal tissues, thus enhanc-
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Figure 1. Anthropological importance of dental calculus

In addition to mineral components,
calculus contains a variety of inorganic
and organic remnants (of salivary, dietary
or bacterial origin) incorporated either
during the mineralization or post-calci-
fication of the calculus. It has been re-
ported to be present on the supra- and/or
sub-lingual surfaces of teeth. Supra-gin-
gival calculus is primarily anchored to
the mandibular lingual surfaces of an-
terior teeth and the buccal surfaces of
maxillary molars, whereas the sub-gin-
gival calculus is found adhered to the
entire set of teeth, specifically on their
proximal tooth surfaces. Formation and
accumulation of dental calculus also var-
ies with tooth type; maxillary molars and
mandibular incisors being more prone
to supra-lingual calculus (White 1997).
Further, removal of calculus from teeth

of skeletal remains is non-invasive and
comparatively less destructive than the
traditional method of DNA extraction
and analysis in such contexts.

The prevalence of calculus deposits
has been reported among individuals of
almost all known human populations
(ancient or contemporary); though its
formation and presence is highly popula-
tion-specific (Warriner et al. 2015; Mann
et al. 2018). The frequency distribution
of calculus deposits is largely dependent
upon the available living conditions of the
affected individual, such as oral hygiene
(Anerud et al. 1991; Blank et al. 1994,
MacPherson et al. 1995), age (Beiswanger
etal. 1989; Anerud et al. 1991; MacPher-
son et al. 1995), sex (Beiswanger et al.
1989; Anerud et al. 1991), ethnicity,
diet (Schroeder 1969; Bhat 1991), dental
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cares (Beiswanger et al. 198; Anerud et
al. 1991; Blank et al. 1994; MacPherson
et al. 1995), systemic disease (Emrich et
al. 1991), medicine intake (Turesky et al.
1992; Breuer et al. 1996), educational
status, as some examples. In non-west-
ernized populations, calculus formation
starts soon after tooth eruption and is
found to continue up to the maximum
age of 30 years (White 1997), however,
no such trends have been reported for the
individuals of westernized world.

Dental calculus undergoes continu-
ous, though periodic mineralization to
incorporate oral microbiota, phytoliths,
pollens, fat grains and toxic micro-re-
mains into it (Putrino et al. 2024), and
acts as an authentic and prolonged store-
house of such remnants (Jin and Yip
2002; Adler et al. 2013; Warinner et al.
2013). Food and non-food micro-parti-
cles like starch granules, pathogens, par-
asites, pollens, diatoms, seeds, hair, die-
tary/vegetal fibers, cereals, the accidently
entrapped small insects, mineral salts
and crystals are frequent inclusions in
human dental calculus matrix (Dobney
and Brothwell 1986; 1988). The plant
remnants in the form of phytoliths and
starch grains have potential utility in es-
timating ancient dietary habits as well as
population-level food variations. Starchy
foods constitute 50-70% of energy intake
in modern as well as pre-agriculturist
human diets (Hardy et al. 2009). The
sophisticated dietary regime of Nean-
derthals, primarily based on plant-based
foods, has been revealed through dental
calculus (Henry et al. 2011). Dental cal-
culus extracted from ancient and modern
dental remains has been widely used for
studying the composition and profiling
of oral microbiota, remnant food debris,
disease microbes entrapped within calci-
um phosphate mineral salts of saliva and

dental plaque (Henry and Piperno, 2008;
Henry et al. 2011; Warinner et al. 2014).

The aim of this article is to provide
an updated review focused on the forma-
tion, prevalence, composition and foren-
sic anthropological significance of dental
calculus deposits.

Methods

To scrutinize the current status of den-
tal calculus research for forensic anthro-
pological purposes, scientific databases
were searched using search engines in-
cluding: PubMed, ScienceDirect, SAGE,
Springerlink, Clinical Key, WoS and
Google-Scholar, using the following key
terms: ‘Dental calculus, Forensic iden-
tification’, ‘Microbial forensics and oral
microbiome’, ‘Ancient DNA and dental
calculus’, ‘Occupation and dietary status
from calculus, Oral microbiota and fo-
rensic odontology, ‘Dental calculus and
stable isotope analysis’. Snowball sam-
pling technique of cross-referencing was
used to identify related articles and the
PRISMA guidelines were followed to in-
clude eligible research articles. Full-text
articles published until 2022, and con-
taining information relevant to the scope
of present systematic review were further
analyzed in-depth. The inclusion crite-
ria considered studies related to forensic
identification based on dental calculus
and those published until 2022. Studies
not satisfying the inclusion criteria were
excluded from further analyses.

A total of 89 research articles were
identified through search from the above
scientific databases. Thirty studies were
removed from consideration of further
analysis as they were either modified or
unrelated to the scope of present review,
published in languages other than Eng-
lish, or marked as ‘ineligible’ by the an-
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notation tools. Out of 59 articles selected
on the basis of their title and abstract, an-
other 16 studies were neglected as being
duplicates, reviews, or not commenting
upon the accuracy of dental calculus for
forensic anthropological purposes. Anoth-

)
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Web of Science.
—
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er set of 16 studies were discarded for final
analyses as their full-text version could
not be found or arranged for scrutiniza-
tion and analysis. Finally, 31 studies were
found within the ambit/scope of the aim
and objectives of present study (Figure 2).

Studies excluded before
screening (n=30)

e Modified and unrelated
studies.

e Studies in foreign language
other than English.
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Records removed for other
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Full-text version not available
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Figure 2. Flowchart showing stages of selection of articles for systematic review

Results

The systematic review revealed that dental
calculus is a promising biological material
for establishing identity, assessing health
and dietary status, estimating geo-affin-
ity, exposure to heavy metals or drugs of

abuse and establishing other identity cre-
dentials of an unknown individual. It
serves as a rich source of host-associated
biomolecules, ingested or inhaled during
the routine daily life of an individual. The
present systematic review found that the
majority of dental calculus studies were
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reported in Europe where the dental re-
mains from archaeological sites and cem-
eteries were most commonly used for the
purpose. Only one pilot study (Singh and
Goel 2017) was reported from India. The
literature review indicated that the majori-
ty of calculus research is limited to report-
ing its quantity and location on teeth, the
microbiota preserved in it, its clinical and
pathological significance and forensic im-
portance for identifying archaeological or
contemporary human remains (Brothwell
1981; Dobney and Brothwell, 1988). The
type of teeth or the site (supra-/sub-lin-
gual) from where calculus was collected for
analysis was not mentioned in most of the
studies. Until very recently, the scientific
importance of dental calculus for forensic
anthropological casework was not recog-
nized as it could not attract the desired
attention of the scientific community. Cal-
culus has been appreciated as a significant
population and individuality marker as it
abundantly preserves the host-associated
routine micro-particles and biomolecules
in it (Radini et al. 2017). The observations
of present systematic review can be sum-
marized in the following categories.

Collection and analysis of dental calculus
The proper collection, sampling, prepa-
ration and analysis of dental calculus is
generally done according to the standard-
ized established protocols. Dental calculus
can be collected from ancient as well as
modern teeth/jaw fragments in individu-
als reporting to dental clinics for their rou-
tine dental check-up such as cleansing or
screening purposes. Enough dental calcu-
lus can be easily collected either from the
lingual or buccal surfaces of different man-
dibular as well as maxillary teeth with-
out scratching or scraping tooth surfaces
(Scott and Poulson, 2012). Two 3-5 mm
long fragments of supra-lingual calculus

are generally removed (particularly from 2
to 3 maxillary molars or mandibular inci-
sors) using sterile or decontaminated hand
or ultrasonic scaler (White 1997; Velsko et
al. 2019). For forensic identification pur-
poses, the supragingival calculus is pre-
ferred to the sublingual one as the latter
is heavily mineralized, contaminated with
gingival haemorrhigal components and
is tightly anchored to the teeth. Detailed
demographic, nutritional and disease in-
formation of an individual is crucial for
objective analysis of calculus samples
for anthropological or forensic purposes.
The material, molecular and chem-
ical information entrapped in calculus
deposits can be analyzed with multiple
morphoscopical, analytical, cytological,
histological, biochemical, molecular and
optical techniques. The more sophisticat-
ed methods include optical microscopy,
scanning electron microscopy, energy-dis-
persive x-ray spectroscopy, ultra-perfor-
mance liquid chromatography-mass spec-
trometry, to provide information about
not only identity credentials of an individ-
ual (Dobney and Brothwell 1986; 1988;
Lieverse 1999; Henry et al. 2011; De la
Fuente et al. 2012; Radini et al. 2017;
Stromberg et al. 2018; Fotakis et al. 2020;
Godoy Allende and Samplonius 2022) but
also for quantifying traces of nicotine al-
kaloids in calculus for better understand-
ing the consumption of such intoxicants
by the smokers (Eerkens et al. 2018). The
entrapment and preservation of the cellu-
lar fragments, starch granules and other
inclusions in dental calculus can be ex-
amined by microscopic and spectroscopic
techniques (Henry and Piperno 2008;
Charlier et al. 2010; Power et al. 2015).
Dosseto et al. (2024) reported that meas-
uring strontium (Sr) isotopes from fossil
calculus using multicollector inductively
coupled plasma mass spectrometry helped
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in correctly identifying the composition of
soil where the remains were buried which,
in turn, helped in estimating the geolocal-
ity of unknown human remains.

Forensic archaeological reconstructions
Microscopic examination of calculus de-
posits is highly useful in providing decisive
data for forensic or medico-legal prove-
nance or identity establishment purposes
(Figure 3). Dental calculus deposition is
generally considered as an ectopic growth
which provides an alternate to the destruc-
tive processing of human skeletal remains.
Cultural identity, individualized habits
(smoking/drugs/tooth-brushing), occupa-
tional hazards (painting, mining, farm-
ing), disease or pollution exposures, even
COVID-19 infections of an individual can
be objectively assessed from the trace ele-
mental analysis of dental calculus (Berg-
strom 1999; Radini et al. 2017; Yaprak et al.
2017; Eerkens et al. 2018; Serensen et al.
2021; Berton et al. 2021; Li et al. 2022).
Phytoliths and plant fibers entrapped in
dental calculus can help in the identifica-
tion of eaten plant sources, the season or

Archa:eological Oral
Dental Calculus Metagenome

( Integration With Multiomics Data —\

\ Epigenomics

environment in which they grew, the travel
routes followed and the burial location of
unknown individuals (Blatt et al. 2011);
thus, it can also serve as possible geograph-
ical and occupational marker of identity
of an individual. The particles embedded
in calculus can help in identifying occupa-
tions such as metal-workers, carpenters,
and other artisans. Heavy metals deposited
in calculus of production workers can be
used as occupational exposure marker (Ab-
dazimov 1991). Researchers have found
that drug residues are better entrapped in
the interior of the calculus material than
in blood, and few drugs are found in com-
paratively higher concentrations in dental
calculus (Serensen et al. 2021). Thus, the
manner of death, work-related intoxica-
tion or individualized habits can be recon-
structed from the toxicological analysis of
calculus (Charlier et al. 2010). Among the
typical sources of endogenous DNA, sa-
liva, oral fluids, proteins and mucosal or
epithelial cells are found commonly found
embedded in dental calculus, endorsing
the possibilities of isolating mtDNA from
dental calculus.
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Figure 3. Multiple applications of archaeological dental calculus (reprint used with Open Access permission

from Wright et al. 2021)
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DNA from dental calculus: deciphering
host-oral microbiota interactions
Calculus is a calcified form of oral micro-
bial plaque biofilm and is a rich source
of host and oral microbiome DNA (Preus
et al. 2011; Brealey et al. 2020). It has
been widely used as a tool in microbial
forensics to estimate microbial health
and the oral hygiene of the deceased.
The comparative analysis of DCD from
ancient and modern dentition can help
understand the issues related to the
abundance and diffusion of different
microorganisms in the environments
of the past or contemporary biospheres
(Brundin et al. 2013; Weif$ et al. 2020).
The host mt-DNA and bacterial DNA,
along with micro-particles entrapped in
calculus matrix can be conveniently ex-
tracted, sequences and analyzed using
advanced bio-molecular, spectroscopic
or microscopic methods which, in turn,
have revolutionized our understanding
of the identity, diets, ancestry, occupa-
tions, migration patterns, disease, pollut-
ant/metallic exposures, health and envi-
ronmental conditions of past individuals
and the populations. The molecular and
chemical analysis of dental calculus can
help understand the intricate dynamic
relationship that existed between hu-
mans and their microbes (Warinner et al.
2015). Recent improvements in genome
sequencing strategies, bioinformatics ar-
mamentarium, laboratory workflow de-
signs and contamination controls have
significantly enhanced the potential of
ancient microbial research (Gilbert et al.
2005; MacLean et al. 2009; Kaczynski

et al. 2012; Weyrich et al. 2015).
Microbial cells constitute about 70%
of total dry weight of calculus, highlight-
ing that the majority of calculus DNA
is microbial in nature (Aas et al. 2005;
Dewhirst et al. 2010; Human Microbi-

ome Project Consortium 2012; Warinner
et al. 2014; Velsko et al. 2019; Kazarina
et al. 2021; Ottoni et al. 2021). The con-
stantly evolving microbes have helped in
laboratory studies of bacterial evolution
which, in turn, has increased our infor-
mation about the dynamics of evolution,
adaptive changes, and respond to queries
impacting human health (Bonczarowska
et al. 2022). Ancient oral microbiota is
considerably more heterogeneous than
the modern one and this heterogeneity
of ancient oral microbiome composition
can offer more insights into human evo-
lution (Jersie-Christensen et al. 2018) as
good oral hygiene discourages calculus
formation (2022). The dental calculus
harbors past human oral microbiota that
can provide deep insights into decedents’
lifestyle, diet, health, disease, possible ge-
olocation, environmental conditions and
the cultural affiliation of an individual;
thus presenting a more comprehensive
ante-mortem profile of the unknown ones
(Blatt et al. 2022), even from its minute
quantities (Mackie et al. 2017). The ap-
plication of advanced genetic techniques
to detect microbial communities in an-
cient skeletal remains has revolutionized
paleopathological research towards path-
ogenic evolution and identification from
profiling of human oral microbiome (Bos
et al. 2019; Arning and Wilson 2020; Li
et al. 2022; Naud et al. 2022).

Human oral microbiome research
based on dental calculus and transitions
in oral microbiota has significantly con-
tributed to our understanding of the
functional diversity of microbial ecolo-
gies, oral diseases, interactions between
humans, microbes and the abiotic factors
the during lifetime of an individual (War-
inner et al. 2015). It is the mineralization
process of calculus happening during life
that makes it resistant to environmen-
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tal contamination and lets the microbial
community get preserved in it (Jin and
Yip, 2002). The temporal and spatial
variations in oral microbiota can pro-
vide crucial information not only to the
forensic anthropologists and archaeolo-
gists, but also to medical researchers like
microbiologists, and evolutionary biolo-
gists. Microbial evolution provided deep
insights into major changes in human
condition like diseases, epidemiological
transitions, biogeographic range expan-
sions, colonialism and industrialization
(Warinner et al. 2015; Blatt et al. 2022).

Detection of drugs and related
metabolites
Plant-based pharmaceutical or psycho-
active substances and other stimulants
have been commonly used in modern
as well as ancient times, particularly for
treatment of some medical conditions
(Fiorin et al. 2018; Gismondi et al. 2018;
Godoy Allende and Samplonius 2022).
Revealing smoking or chewing habits, use
of pharmaceutical products, illicit psy-
choactive drugs/stimulants and their me-
tabolites by past populations is a crucial
forensic archaeological inquiry. Recovery
of plant food debris from archaeological
dental calculus has helped in reconstruc-
tion of past food practices. Serensen et
al. (2021) reported that such plant in-
clusions found entrapped and preserved
in dental calculus can be easily detect-
ed and quantified. Dental calculus can
also be helpful for monitoring betel nut
chewing or tobacco smoking (containing
numerous heavy metal) exposure to the
human oral cavity (Yaprak et al. 2017,
Zhang et al. 2019). Many instances have
been reported in literature when the craft
and trade related by-products like stone
crystals, cellulose fibers or ceramics have
been found preserved in dental calculus

to provide information about such prac-
tices in ancient populations worldwide
(Blatt et al. 2011; Coccato et al. 2017).
Supragingival dental calculus is the
best choice for monitoring heavy metal
(like cadmium, mercury) exposures to
oral cavity which helps in assessing the
risks of oral cancers due to heavy metal
poisoning (Zhang et al. 2019; Charlier
2013), specifically using the analytical
techniques like transmission electron
microscopy (McDougall 1985).

Though dietary reconstructions from
calculus have been widely studied, rela-
tively fewer studies have considered the
deposition of pharmaceutical or pho-
totherapeutic residues in DCD (Hardy
et al. 2018; Gismondi et al. 2018). In
post-mortem cases, calculus may serve
as a valuable adjunct to the existing ana-
lyses where traditional investigations do
not provide any leads. Direct oral inges-
tion of substances, inhalation of smoke/
vapor, and/or the release of cellular or
serum residuals into the saliva and gin-
gival crevicular fluid may facilitate en-
trapment and preservation of a large va-
riety of pharmaceutical and psychoactive
drugs in dental calculus. The variations
in entrapment and deposition of this
matter in calculus from different indi-
viduals may depend upon differences in
the diet, health, local pH, salivary flow,
and, lastly, the stability of the substances
entrapped in the calculus (Sorensen et
al. 2021). Use of medicinal plants in
ancient times has been deciphered from
chemical indicators in archaeological
dental calculus samples (Hardy et al.
2009; Gismondi et al. 2018). Smoking or
chewing of tobacco (nicotine) or any oth-
er product having skewed concentrations
of toxic heavy metals like arsenic, mer-
cury, silicon, lead or cadmium have been
revealed from archaeological calculus
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(Yaprak et al. 2017; Eerkens et al. 2018;
Zhang et al. 2019); inductively coupled
plasma mass spectrometry analysis of
dental calculus being a novel non-inva-
sive technique for analysis of environ-
mental exposure to heavy metals (Zhang
et al. 2015, 2019). Drug residues of co-
caine, heroin, 6-monoacetylmorphine (6-
MAM) and tetra-hydrocannabinolic acid
A (THCA-A) have been found trapped in
the interior of the modern calculus ma-
terial (Sorensen et al. 2021). Saliva has
higher affinity to accumulate basic drugs
in higher concentrations than the blood
owing to generally lower pH of the for-
mer.

Discussion

Until recently, the anthropological, ar-
cheological and forensic research poten-
tial of calculus was not recognized fully,
and it was overlooked with calculus being
a discarded material. It is now fully under-
stood that dental calculus houses crucial
information about the past human life in
the form of host-associated micro-parti-
cles and biomolecules embedded within
its hardened and rough matrix, ingested/
inhaled (intentionally or accidentally)
during routine daily life of an individual
(Buckley et al. 2014; Radini et al. 2017).
It is the porous nature of DCD which
makes it ideal for a variety of research.
It has been recently recognized as an in-
formative material to understand ancient
diet and health in archaeological sciences
(Forshaw 2022). It has immensely helped
in revealing human prehistory, dietary
variations and shifts, and disease signa-
tures from ancient oral microbiome anal-
ysis of past populations (Hansen et al.
1991; Dobney 1994). The material and
molecular information contained within
DCD is vast and ever-expanding and it

can prove more useful than the bones in
the identification of fragmented or burnt
human remains.

Anthropological and molecular ex-
aminations of dental calculus collected
from historical, archaeological, or fo-
rensic specimens may help in biological
profiling, establishing cultural and geo-
graphical identity of such unknown hu-
man remains as calculus contains DNA
in sufficient quantity required for such
identifications and revealing microbial
and host-DNA diversity (Lisman et al.
2023). Dental calculus is a rich reser-
voir of ancient host biomolecules and
human DNA; both mitochondrial and
nuclear DNA (Warinner et al. 2015; Sin-
gh and Goel 2017; Mann et al. 2018;
Lisman et al. 2023). It is the rough and
porous surface of the calculus deposits
which promotes bacterial deposition,
sometimes under standard hygiene
conditions. It is this unique structure
and mineralized nature of calculus that
strongly embodied DNA within it and
prevents the acidic or exogenous micro-
bial attacks in the hardened matrix of
calculus (Warinner et al. 2014; Mann et
al. 2018). Genomics and forensic experts
are well acquainted with the advantages
of analyzing dental calculus which can
be conveniently obtained from the liv-
ing and recently dead individuals or even
the skeletonized archaeological human
remains (Singh and Goel, 2017). Dental
calculus may contain up to 1000 times
more DNA than any other skeletal ele-
ment and has huge potential to revolu-
tionize ancient biomedical research. It
can be used as an alternative source ma-
terial for ancient human DNA analyses
when other skeletal tissues do not yield
the desired results (Warinner et al. 2014;
Forshaw, 2022). Dental calculus serves as
an adjuvant and non-invasive evidence in
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forensic human identification by estab-
lishing human-host DNA profile, living
conditions, behavior, lifestyle, and the
dietary status of the decedent (Blatt et al.
2022; Bonczarowska et al. 2022).

Highly degraded and challenged sam-
ples generally contain low amounts of
DNA (with PCR inhibitors), which pre-
sents a very tough task for their forensic
identification pursuits. Calculus provides
a clean, stable, durable and hospitable
environment for microbial communities,
food and non-food particles and thus,
serves as a viable source of forensic iden-
tification based on autosomal and Y-STR
markers extracted from it (Sawafuji et al.
2020, Lisman et al. 2023). Human DNA
bound in calculus hydroxyapatite is com-
paratively well preserved; thus it can be
taken as potential investigative tool for
forensic purposes (Higgins and Austin,
2013). The gingival secretions, shed ep-
ithelial cells, macrophages and oral in-
flammatory processes are the probable
sources of DNA incorporation into dental
calculus deposits (Warinner et al. 2015;
Mann et al. 2018). Calculus DNA is rela-
tively low in quantity and is fragmented,
with the highest concentration found in
subgingival plaque. The majority of avail-
able dental calculus research is primarily
focused on estimating dietary habits, oral
microbiota and mtDNA haplogroup affil-
iations of archaeological human remains
(Black et al. 2011; Damle 2016).

The quality of DNA isolated from
calculus significantly differs from that
obtained from teeth. Dentine DNA is
more degraded and damaged than the
fragmented and shorter length (but more
stable and less challenged) DNA ob-
tained from dental calculus. A compar-
ison of DNA vyields from paired dental
calculus and dentine samples from the
same tooth of an individual has endorsed

that dental calculus is the richest known
source of ancient biomolecules in human
hard tissues (Willmann et al. 2018; Li
et al. 2022). As calculus DNA provides
only preliminary identity affiliations of
the contaminated samples (Lisman et al.
202.3), it can be more useful than bones
towards identification strategies of such
challenged human remains. Human
DNA embedded in calculus hydroxyapa-
tite is comparatively well preserved and
can be used as a potential investigative
tool for both forensic as well as microbi-
ological research purposes (Higgins and
Austin 2013). A minimal 20 mg of dental
calculus is ideally collected, though high-
er amounts of calculus may provide bet-
ter DNA amplification results (Lisman et
al. 2023). The Next Generation Sequenc-
ing (NGS) strategies like Amplicon and
Shotgun Metagenomics have been used
to characterize oral microbiome from the
collected dental calculus deposits. Am-
plicon sequencing of microbial DNA is
done to focus on one or more of the nine
variable regions of the 16S rRNA gene to
characterize the taxonomic structure and
diversity of the extracted microbiome
(Cappellini et al. 2014).

Mann et al. (2018) reported that DNA
obtained from dental calculus is consist-
ently more abundant and less contami-
nated than DNA extracted from dentin.
Most of the DNA obtained from calculus
is microbial in origin, derived from the
entrapped oral microbial communities
in it. The bonafide microbial taxa can be
profiled and compared from the identifi-
cation of microbiomes in ancient or his-
torical dental calculus samples (Belstrom
et al. 2018; Weil3 et al. 2020). Dagli et al.
(2015) identified dental calculus as one of
the rich sources of ancient microbial DNA
from the microbial colonies entrapped in
it and thus, highlighted the implications
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of ancient DNA research in palaeo-mi-
crobiology. Similarly, calculus can be an
alternate source of mtDNA for biological
profiling of unknown human skeletal re-
mains older than 1,000 years, which tell
us about some benefits and limitations
of DNA research from calculus (Black et
al. 2011). Adler et al. (2013) sequenced
and amplified the 16S rRNA gene of oral
microbiota from 5,500 BCE-1,600 CE
old dental calculus samples, using the
next-generation sequencing technique.
Singh and Goel (2017) collected dental
calculus from lingual surfaces of mandib-
ular incisors from 20 dental students of
Moradabad (UP) and found that majority
of dental calculus samples yielded DNA
ranging from 21 to 37 ug/ml (mean quan-
tity of 23.5 ug/ml). The extraction and se-
quencing of ancient microbial DNA and
its comparison with contemporary mi-
crobial strains has significant relevance to
practice of modern medicine and dentist-
ry for understanding host-microbiome in-
teractions (Akcali and Lang 2018). As hu-
man oral microbiota is both culture and
geography specific, the genetic mutations
in ancient microbial DNA help in track-
ing human migrations that happened in
past populations, highlighting the poten-
tial ability of microbiota DNA as genetic
signal of cultural affinity of pre-historic
populations (Dominguez-Bello and Blaser
2011; Eisenhofer et al. 2019). Changes in
human oral microbiome signify changes
in dietary patterns over time, indicating
a marked change in oral pathologies and
dental calculus deposition.

Challenges, future probabilities
and implications
In most forensic situations, highly de-
graded and contaminated or challenged
samples (containing PCR inhibitors) con-
taining low amounts of DNA are retrieved

for identification purposes which presents
a very tough and challenging task for ex-
traction of DNA,; dental calculus is one
of such materials. The concentration of
DNA isolated from calculus does not sig-
nificantly differ from that obtained from
teeth. Dental DNA is comparatively more
degraded than the undamaged DNA ex-
tracted from calculus, so calculus DNA is
more stable and less challenged than den-
tin DNA (Lisman et al. 2023). However,
calculus DNA is more fragmented and
shorter in length, it is merely sufficient to
obtain a putative profile of an individual;
suitable enough, at least, for preliminary
forensic identification strategies (Lisman
et al. 2023). The biggest challenge for ge-
ographic identification of vegetal or faunal
inclusions in calculus is the lack of com-
prehensive reference libraries, and altera-
tion of geolocation signatures due to trav-
el, illness and diet.

Secondly, very limited literature is
available about the quantification of
human DNA content in dental calcu-
lus for human identification purposes.
The quantity of collected dental calculus
(ideally 20 mg) is crucial as significantly
higher amounts of calculus yield better
DNA amplification results (Lisman et
al. 2023). The benefits and limitations
of using dental calculus as an alternate
source for DNA should be weighed prior
to suggesting its efficacy for forensic pur-
poses. Calculus offers an indirect meth-
od of DNA analysis that is more closely
linked to a specific individual than other
sources which are used for indirect DNA
analysis (Black et al. 2011).

Research involving higher numbers
of jaw fragments is certainly needed to
authenticate the forensic utility of dental
calculus for forensic identification pur-
poses. The pioneer research work utiliz-
ing the ‘to-be-thrown’ calculus will cer-
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tainly help future forensic, anthropology,
public health, and dentistry experts as an
important biological material towards es-
tablishing identity, geolocality and expo-
sure to heavy metals, and drug abuse of
an unknown individual. Forensic anthro-
pologists and geneticists should explore
collaborative research possibilities in the
field to explore the full potential of dental
calculus as an adjuvant and non-invasive
evidentiary material towards forensic hu-
man identification (Modi et al. 2020).
Though the prospect of dental calculus
as a biomaterial has yet to be rigorously
and systematically scrutinized (Mann et
al. 2018), it is expected to help forensic
anthropologists for provenance of un-
known human remains retrieved from
forensic scenarios, even when only some
teeth are retrieved from such contexts.

Conclusions

Calculus finds its extensive utility in fo-
rensic and archaeological reconstructions
such as assessing host-oral microbiota
interactions, the microbial health and
oral hygiene of past individuals, screen
out their dietary status, food diversity,
exposures to heavy metal and drug of
abuse, and, lastly, to estimate the geo-
graphical and occupational affiliations of
past individuals. Dental calculus houses
a multitude of diverse biomolecules than
provide information about diet, health,
culture, behavior, ancestry and identity
of past populations (Wright et al. 2021).
Dental calculus entraps cellular or tissue
fragments, past human oral microbiota
that can provide deep insights into de-
cedents’ lifestyle, disease status, occu-
pational habits, possible geolocation, en-
vironmental conditions and the cultural
affiliation of an individual; thus present-
ing a more comprehensive ante-mortem

profile of the unknown individuals (past
or contemporary). Microbial forensics
has significantly contributed as a useful
tool in medicine, bioterrorism, biosecuri-
ty, food trade and human identifications
(Castro and de Ungria 2022).

Very limited published research work is
available about the extraction and analysis
of human DNA content from dental calcu-
lus for forensic anthropological purposes,
thus the anthropological and archaeolog-
ical research involving dental calculus is
still in its nascent stage; so comprehensive
research in different population groups is
needed for fruitful research avenues and
utilization of DCD as an alternative mate-
rial for ancient genomics research. Anthro-
pological insights into ancient population
dynamics, migrations, social stratification,
oral health and environmental adaptations
can be unraveled from the complex bio-
molecular composition of dental calculus.
Studying DNA from prehistoric bacteria
or viruses may lead to the discovery of
techniques and approaches to fight con-
temporary strains/forms of such infectious
agents. Recent studies have necessitated
that for ancient DNA analysis of current
microbial diseases, information about the
past genotypic and phenotypic signatures
of the responsible bacteria needs to be col-
lected. Thus, crucial knowledge about the
past oral microbiome may also help med-
ical professionals and physicians use an-
cient microbial DNA signatures to track/
identify such infectious agents in modern
day populations.
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Association between COVID-19 Pandemic,
Blood Pressure and Pulse Rate
in Young Slovak Women
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Department of Anthropology, Faculty of Natural Sciences, Comenius University in Bratislava,
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AsstracT: This study investigates the relationships between the COVID-19 pandemic, lifestyle factors,
and their impact on blood pressure (BP) and pulse rate in young adult women from Slovakia. We assessed
552 adult women aged 18 to 30 years who were categorized into subgroups based on their pandemic
status. The individual’s lifestyle was evaluated using a detailed questionnaire. BP and pulse rate were
measured in the sitting position using a digital sphygmomanometer. Linear regression analysis tested the
associations. The results showed no significant difference in physical activity and the proportion of fat
mass (%) before and during the pandemic. Smoking prevalence increased during the pandemic compared to
pre-pandemic levels (p = 0.152). While there were no significant differences in coffee consumption, the use
of hormonal contraceptives was significantly higher during the pandemic (p = 0.021). In addition, systolic
blood pressure (SBP) and pulse rate were significantly higher during the pandemic than before, indicating
possible cardiovascular effects (SBP with p < 0.001 and pulse rate with p = 0.001). Regression analysis
revealed that pandemic and fat mass (%) were significant predictors of SBP, while only physical activity and
fat mass (%) were predictors of diastolic blood pressure (DBP). In addition, pandemic and physical activity
were significant predictors of pulse rate. We observed significantly higher SBP and pulse rates during the
pandemic than before in young adult women. Further studies are needed to investigate the long-term effects
of the pandemic on SBP and pulse rate.
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Introduction

Coronaviridae is a diverse family of virus-
es that infect various organisms, includ-
ing not only animals but also humans.
When organisms are infected with these
viruses, there is a high risk of respiratory
infections that can lead to various seri-
ous diseases that affect the physiology of
systems in the human body. At the end
of 2019, a novel coronavirus identified
as SARS-CoV-2 emerged in Wuhan, Chi-
na, causing an unusual outbreak of viral
pneumonia. The novel coronavirus dis-
ease, also known as coronavirus disease
2019 (COVID-19), is highly contagious
and has spread rapidly worldwide (Gao et
al. 2020; WHO 2020; Hu et al. 2021).

The COVID-19 pandemic has im-
pacted public health in many ways. The
measures taken to prevent the spread of
the virus have disrupted daily routines and
activities. Research has shown that physi-
cal activity has decreased during this time,
accompanied by an increase in physical
inactivity, body weight, blood pressure and
the prevalence of type 2 diabetes (Flanagan
et al. 2021; Robinson et al. 2021; Capra et
al. 2022). In addition, young adult women
who were already prone to certain physio-
logical problems were in an unprecedented
situation that could potentially affect their
BP dynamics. Understanding the link
between pandemic-related stress and BP
fluctuations is crucial for deciphering the
broader health implications (Kobayashi
et al. 2021; Laddu et al. 202.2; Laffin et al.
2022; Yoshihara 2023).

The study by Laffin et al. (2022) found
that BP in adults in the USA was signif-
icantly higher from April to December
2020 than in 2019. During the pandemic
period, the mean monthly changes from
the previous year were between 1.10 and
2.50 mmHg for systolic blood pressure

(SBP) and between 0.14 and 0.53 mmHg
for diastolic blood pressure (DBP); the in-
creases in SBP and DBP applied to men
and women and all age groups; larger in-
creases were found in women for both SBP
and DBP, in older participants for SBP and
in younger participants for DBP. In addi-
tion, Gotanda et al. (2022) found that SBP
and DBP increased by 1.79 mm Hg and
1.30 mm Hg, respectively, during the pan-
demic period compared to the pre-pan-
demic period. Celik et al. (2021) found
that both SBP and DBP levels increased
significantly during the day, at night and
over a full 24-hour period compared to
pre-pandemic levels. Notable lifestyle
changes, such as reduced physical activ-
ity and increased stress levels, may also
affect resting pulse rate and its variability.
In addition, women tend to have a higher
resting heart rate than men, around 3 to
5 beats per minute, largely due to physio-
logical factors such as smaller heart size,
hormonal differences and differences in
the regulation of the autonomic nervous
system (Reimers et al. 2018).

In addition, regular physical activity is
known to lower resting pulse rate by im-
proving parasympathetic tone, which is
consistent with the study by Wyatt et al.
(2025), who reported that pulse rate de-
creased by 1.5% during lockdowns, which
was associated with lower activity levels.

In addition to reduced physical activ-
ity, many factors may have influenced
BP during the pandemic. During the
pandemic, we observed differences in
smoking habits that may affect cardio-
vascular health. Al Ghadban et al. (2022)
reported that about a quarter of their
study participants were stressed by the
COVID-19 pandemic and related eco-
nomic crises, which were strongly asso-
ciated with increased smoking behavior.
Coffee consumption has also changed.
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From a purely psychological and emo-
tional perspective, coffee is a good energy
source that can improve mood, combat
drowsiness, and improve cognitive func-
tion, which could explain the increased
coffee consumption due to the pandemic
(Castellana et al. 2021). However, the
relationship between caffeine consump-
tion and BP remains interesting (Han et
al. 2022). The possible effects of contra-
ceptive methods on BP in young wom-
en are also the subject of research (Gao
et al. 2023; Schmidt-Lauber et al. 2023;
Basile and Bloch 2024). Despite the ben-
efits of hormonal contraception, there is
evidence that it may increase the risk of
adverse effects, including cardiovascular
disease, obesity, hypertension, hemor-
rhagic stroke, breast cancer, and cerebral
venous thrombosis (Rosano et al. 2022).

In addition to lifestyle-related factors,
it is also important to consider the phys-
iological mechanisms that may underlie
pandemic-related changes in BP and pulse
rate. The COVID-19 pandemic has been
a prolonged stressor, and chronic psycho-
logical stress is known to activate the hy-
pothalamic-pituitary-adrenal (HPA) axis
and sympathetic nervous system, leading
to increased cortisol and catecholamine
levels. These neurohormonal changes
contribute to increased vascular tone,
heart rate and elevated BP (Esler et al.
2020). Overactivity of the sympathetic
nervous system is also associated with re-
duced baroreflex sensitivity and impaired
parasympathetic modulation, which can
affect resting pulse rate and its variabili-
ty. In women, these autonomic responses
may be additionally modulated by hor-
monal fluctuations, including the effects
of estrogen and progesterone, which in-
fluence vascular reactivity and cardiac
autonomic control (Hart et al. 2009).
Therefore, pandemic-related psychosocial

stress may have had both direct and indi-
rect effects on cardiovascular parameters,
particularly in young women who may be
more susceptible to such influences.

While previous studies from countries
such as the United States, Japan and Tur-
key provide valuable insights into pan-
demic-related changes in BP parameters,
it is important to consider that cultural,
healthcare and lifestyle differences may
limit direct comparability. For example,
differences in access to healthcare, per-
ception of stress, contraceptive use and
public health responses to COVID-19
could influence the magnitude or direc-
tion of physiological effects. Therefore,
studying a specific population of young
women of European origin is essential to
understanding the context-specific im-
pact of the pandemic.

We hypothesise that the above life-
style factors and the COVID-19 pandem-
ic have a potential impact on SBP and
DBP levels and pulse rate in young adult
women (we expect higher SBE DBP and
pulse rate during the pandemic); there-
fore, we investigated the relationships
between these factors.

Material and methods

Participants

Relatively healthy Slovak women were
recruited non-randomly and voluntarily
and evaluated in the biomedical laborato-
ry of the Department of Anthropology at
Comenius University in Bratislava, Slova-
kia. Data were collected in two cross-sec-
tional surveys from 2019 to 2022.

Our sample included 552 young adult
university students and graduates aged 18
to 30 with a mean of 21.30 = 2.18 SD.
The analyzed sample was divided into two
groups, which were collected according
to the same study design: (1) one group
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included those whose measurements were
taken from February 2019 to March 2020
before the COVID-19 pandemic. This
group included 241 women aged at least
19 and at most 29 years with a mean age
of 22.14 + 2.25 SD, and (2) the second
group of 311 women aged 18 to 30 years
with a mean age of 20.63 = 1.89 SD was
measured from September 2020 to No-
vember 2022 during the pandemic. One
of the conditions for data collection was
that women, were only allowed to partic-
ipate in the study once, before or during
the pandemic. The anonymised data were
analysed solely for scientific purposes.
Women who were unable to respond due
to severe physical or mental illness and
who could not undergo anthropometry or
blood measurement were excluded from
the study. Each participant gave written
informed consent to this study, per the
principles of the Declaration of Helsin-
ki. The biomedical research was also ap-
proved by the Faculty of Natural Sciences
Ethics Committee at Comenius Univer-
sity — number ECH19021. The methods
of the present study were also previously
applied in another study but with differ-
ent goals (Falbova et al. 2024).

Questionnaire
The study used a standardised and valid-
ated questionnaire (modified WHO expert
questionnaire from 2014 — STEPwise ap-
proach to surveillance — instrument v.3.2
in the Slovak version), which was used to
collect information on the baseline char-
acteristics of the study participants and
their socio-demographic background. The
following lifestyle variables were collect-
ed by self-report and personal interview:
(a) physical activity was assessed by the
question ,,How often do you exercise or
engage in physical activity?” with respons-
es grouped into seven categories: daily,

5—6 days per week, 3—4 days per week,
1—2 days per week, 1—3 days per month,
less than once per month, or never. For
the purposes of the study, we grouped
these seven categories into four catego-
ries (5—7 days per week, 1—4 days per
week, 1—3 days per month and less,
never); (b) smoking was categorized as
current smoker or non-smoker; (c) coffee
consumption was assessed by the ques-
tion ,How often do you consume coffee? ”
and responses were categorized into ,yes”
and ,no” groups; (d) hormonal contra-
ception was assessed by the question , Do
you use hormonal contraception?” and
responses were categorized into ,yes”
and ,no” groups.

BP analysis

BP and pulse rate were measured in a sit-
ting position using a digital sphygmoma-
nometer OMRON M3 (Omron Healthcare
Co., Ltd., Kyoto, Japan). All measurements
were performed in the morning hours be-
tween 8:00 and 11:00 a.m. in a quiet room
at a stable room temperature (approx.
22-24 °C). Women were instructed to re-
frain from caffeine, physical activity and
smoking for at least 30 minutes before the
measurement. After a rest period of at least
five minutes in a seated position, three
consecutive measurements were taken and
the average values of SBP. DBP and pulse
rate were calculated.

Analysis of body composition
The InBody 770 Body Composition Ana-
lyzer (Biospace Co., Korea) was used to
determine human body composition pa-
rameters based on the recommendations
in the user manual. Participants were
tested in the morning in a quiet state.
Participants stood barefoot on the pedal
plate electrode. The hands hung down
naturally and held the hand electrode
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gently, with the angle between the trunk
and the upper limbs at 15°. The analyzer
evaluated various body composition pa-
rameters, but only fat mass (FM, %) was
analyzed in this study.

Statistical analysis
All statistical analyses were performed
with IBM SPSS for Windows (Statistical
Package for the Social Science, version
25.0, Chicago, IL), with statistical signif-
icance at p<0.05. The obtained frequen-
cies and percentages determined partic-
ipants’ responses, and the normality
assumption hypothesis for continuous
variables was tested using a one-sam-
ple Kolmogorov—Smirnov test. The
Parametric Independent Sample T-test
and the non-parametric Mann-Whitney
U test were used based on the normal-
ity distribution of the quantitative var-
iables. The effect size was calculated
using Cohen’s d=2 t /(df"~1/2) (small
effect: < 0.5; medium effect: 0.5 - 0.8;
large effect: > 0.8). Backward linear
regression analyses considered the fol-

Table 1. Baseline characteristics of the participants

lowing independent variables: pandem-
ic presence, physical activity, smoking,
coffee consumption, and use of hormo-
nal contraception. Only predictors with
p value less than 0.05 influenced body
composition parameters.

Results

Table 1 summarises the baseline descrip-
tions. These included age, physical activ-
ity, smoking status, coffee consumption
and the use of hormonal contraceptive.
Our results showed no significant dif-
ference in physical activity and fat mass
percentage between the groups before
and during the COVID-19 pandemic, but
smoking prevalence was higher during the
pandemic than before (19.60% vs. 14.90%
and p = 0.152), although this difference
was not statistically significant. In addi-
tion, there are no significant differences
in coffee consumption, but the use of hor-
monal contraceptives is significantly low-
er during the pandemic at 10.30% than
before at 17.01% and p = 0.021.

Before the COVID-19

During the COVID-19

pandemic Pandemic
Number of participants
Women 241 311

Mean+SD Mean = SD P
Age,y 22.14 £ 2.25 20.63 = 1.89 < 0.001
Physical activity N (%) N (%)
5—7 days per week 15 (6.22) 28 (9.00)
1—4 days per week 162 (67.22) 185 (59.49) 0.208
1—3 days per month and less 34 (14.11) 59 (18.97)
Never 30 (12.45) 39 (12.54)
Smoking status N =241 N =311
Smokers 36 (14.90%) 61 (19.60%)

0.152

Non-smokers

205 (85.10%)

250 (80.40%)
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Before the COVID-19 During the COVID-19

pandemic Pandemic
Coffee consumption N =241 N = 310
Yes 190 (78.80%) 243 (78.40%)
0.898
No 51 (21.20%) 67 (21.60%)
Use of hormonal contraception N =241 N =311
Yes 41 (17.01%) 32 (10.30%)
0.021
No 200 (82.99%) 279 (89.70%)
FM % N (Mean = SD) N (Mean = SD)
241 (27.67 + 7.08) 310 (26.81 = 7.81) 0.096

Note: p values in bold are significant at p < 0.05

Abbreviations: N, number of participants; p, value of statistical significance; SD, standard deviations; FM,

fat mass

Table 2 documents the BP parameters
in young adult women before and during
the COVID-19 pandemic. The women
had significantly higher SBP (mmHg)
and pulse rates during the COVID-19
pandemic than before the pandemic,
with SBP during the pandemic: 119.25 =

11.96 (mmHg) and before 114.79 + 9.66
(mmHg); p < 0.001 and pulse rate during
the pandemic: 81.32 = 12.92 and before:
77.08 £ 12.69; p = 0.001. DBP ([mmHg|
showed no significant difference between
the pre-pandemic and pandemic periods
(p = 0.399).

Table 2. Blood pressure parameters in young adults women before and during the COVID-19 pandemic

Before the COVID-19 pandemic

During the COVID-19 pandemic

‘Women N Min Max Mean SD N Min Max Mean SD Cohden s
SBP <

240 89.00 156.00 114.79 9.66 309 89.00 162.00 119.25 11.96 0.410
(mmHg) 0.001
DBP 940 5100 91.00 69.16 7.15 309 50.00 99.00 70.12 841 0399 0.123
(mmHg)
Prf: 240 50.00 124.00 77.08 12.69 309 54.00 136.00 81.32 12.92 0.001 0.331

Note: p values in bold are significant at p < 0.05

Abbreviations: N, number of participants; p, value of statistical significance; SOS, Speed of sound; SD,
standard deviations; SBP, systolic blood pressure; DBP, diastolic blood pressure, d-effect sizes calculated

using Cohen s formula

Table 3 shows the backward linear
regression analysis used to test the inde-
pendent influence of the pandemic and
lifestyle factors and FM% on BP param-
eters in women. The Durbin-Watson
test showed that there was no autocor-

relation. The pandemic and FM% were
significant predictors of SBP. A positive
B coefficient was found for SBB, suggest-
ing that pandemic and FM% were asso-
ciated with higher SBP levels. Physical
activity and FM% were significant pre-
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dictors of DBP. A positive B coefficient
was found for these predictors, suggest-
ing that these predictors were associat-
ed with higher DBP levels. In addition,
pandemic and physical activity were
significant predictors of pulse rate, with
p < 0.001. The positive B coefficient for
these predictors suggests that the pan-
demic and physical activity may lead
to higher pulse rates. Not statistically
significant variables were excluded from
the models, including coffee consumption,
smoking, and hormonal contracep-
tion, since despite showing a significant

difference between groups, they did not
remain a significant predictor when con-
trolling for other variables in the multi-
variate analysis. The overall significance
of the models, as measured by the co-
efficient of determination (R?), ranged
from 0.068 to 0.122, suggesting that
these variables explained only a small to
moderate proportion of the variation in
the dependent variables. This represents
a limitation of our models and suggests
that other unmeasured factors may con-
tribute significantly to BP variations in
this population.

Table 3. Linear regression analysis of selected predictors with blood pressure parameters in women

Dep e'ndents Predictors B 95% CI forB  SE for B p R? Durbin-
variables Watson
Women
SBP Pandemic  4.774 2.987-6.560 0909 < 0.001 0.122 1943 5249
(mmHg) FM% 0.437 0.318-0.556 0.061 < 0.001 7.221
excluded variables: physical activity, coffee consumption, smoking, hormonal contraception
DBP T;Zf;f;l 0.500 0.050-0.950 0229  0.029 0095 1976  2.184
(mmHg)
FM% 0.288 0.201 -0.375 0.044 <0.001 6.529
excluded variables: pandemic, coffee consumption, smoking, hormonal contraception
Pandemic  4.137  2.019 - 6.256 1.078 < 0.001 0.068 1.925 3.837
Pulse  Physical ) ooc 1130 0509 0373 < 0.001 4.997
activity

excluded variables: FM%, coffee consumption, smoking, hormonal contraception

Note: p values in bold are significant at p < 0.05

Abbreviations: B, beta coefficient; CI, confidence interval; p, value of statistical significance (regression analysis,
backward method; ); R2, coefficient o determination; SE, standard error; SBP systolic blood pressure; T, toler-

ance (collinearity analysis), and FM, fat mass

Discussion

The pandemic and lifestyle factors
Our results show no significant differ-
ences in the frequency of physical activity
and fat percentage between the groups be-
fore and during the COVID-19 pandemic.

In addition, the most frequent frequen-
cy observed was 1 — 4 days per week in
women in both study groups, regardless of
pandemic status. These results may sug-
gest a relative stability in the frequency of
physical activity in young adult women in
Slovakia, even though a non-significant
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decrease was observed in the most com-
mon category (1-4 days/week). When in-
terpreting these results, it is important
to consider the specific national context.
During the pandemic, strict but relatively
short lockdown periods were imposed in
Slovakia compared to some other coun-
tries. Cultural factors such as a prefer-
ence for outdoor activities and access to
nearby natural environments may have
facilitated the maintenance of physical
activity levels. We hypothesise that de-
spite the closure of gyms and sports clubs,
women in Slovakia continued to engage
in structured physical activities, such as
exercising at home, outdoor activities,
online fitness classes or virtual challeng-
es. These findings are similar to those of
Lopez-Vaneciano et al. (2021), who indi-
cated that students who met current min-
imum physical activity recommendations
before the lockdown generally continued
to meet these recommendations during
the pandemic-related lockdown. Although
Shaun et al. (2021) observed that the pro-
portion of students who engaged in phys-
ical activity one to three times per week
remained relatively stable before and after
lockdown — 37.6% and 36.3%, respec-
tively — a study conducted in Bangladesh
reported a sharp decline in students’ phys-
ical activity, dropping from 43.6% before
lockdown to only 7.5% after lockdown.
On the other hand, research with stu-
dents, cyclists and athletes found a nota-
ble increase in physical activity during this
period (Romero-Blanco et al. 2020; Venter
et al. 2020). In addition, another study by
Ingram et al. (2020) observed a decrease
in physical activity associated with nega-
tive mood during lockdown. This differ-
ence suggests that fluctuations in physical
activity levels may affect psychological
well-being differently depending on con-
text and individual factors.

The prevalence of smokers was higher
during the pandemic than before, rang-
ing from 19.60% to 14.90%, p = 0.152.
Comparing smoking status with another
study by Koyama et al. (2021}, both stud-
ies address changes in smoking behavior
during the COVID-19 pandemic, albe-
it in different contexts. While our study
found an increased prevalence of smokers
during the pandemic, the Osaka Health
App study showed other changes in the
smoking habits of current smokers amid
Japan'’s state of emergency. Our findings
are in line with those of Ghadban et al.
(2022), who found that about a quarter of
their participants experienced stress due
to the COVID-19 pandemic and the as-
sociated economic challenges, which was
closely associated with higher smoking
rates. However, pandemic-related stress
appears to influence smoking behaviour
in different ways — while some people
reported smoking more, others reduced
their tobacco consumption (Bommelé
etal. 2020; Elling et al. 2020; Chen 2020).

Our results on coffee consumption
show that the majority of women did not
change their habits (78.80% vs. 78.40%,
p = 0.898). However, it is important
to point out that our methodology was
based solely on self-report comparing
the periods before and during the pan-
demic. In contrast, other studies have
reported increased coffee consumption
during quarantine (Alhusseini and Alga-
htani 2020; Al-Musharaf et al. 2021).
In addition, the study by Bakaloudi et
al. (2022) found that some individuals
increased their coffee consumption dur-
ing quarantine while others decreased or
maintained their consumption and that
factors such as changes in routine, work-
ing from home, and stress influenced caf-
feine consumption behavior during the
pandemic.
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Use of hormonal contraception be-
fore the pandemic was significantly high-
er (17.01%) than during the pandemic
(10.30%), with p = 0.021. Although hor-
monal contraceptive use differed signifi-
cantly between groups in the descriptive
analysis, it was excluded from the regres-
sion models due to lack of statistical sig-
nificance after adjustment. This suggests
that its effect was not independent of
other variables in the model. Our find-
ings are consistent with those of Walker
(2022), who observed a 22% decrease in
prescriptions for the combined contra-
ceptive pill during the withdrawal period
compared to the same three months in
2019. In contrast, there was no signifi-
cant change in prescriptions for progesto-
gen-only pills. Prescriptions for long-act-
ing methods decreased, with the largest
decreases for implants (76% less than be-
fore the lockdown), intrauterine devices
(79% less than before the lockdown), and
intrauterine devices (76% less than be-
fore the lockdown). In another study by
Chiu et al. (2023), no increase in the use
of hormonal contraceptives was found.
But this study compared contraceptive
sales before and during the COVID-19
pandemic. It examined the changes in
sales of different contraceptive methods,
including hormonal contraceptives, to
assess trends in contraceptive use during
the pandemic.

The pandemic and BP parameters
SBP and pulse rate were higher in the
pandemic group of women than in the
pre-pandemic group, with p < 0.001.
Although the regression models showed
statistically significant associations be-
tween pandemic exposure and SBP or
pulse rate, their explanatory power was
limited (R2? between 0.068 and 0.122).
This indicates that the models ex-

plained only a small proportion of the
variance in cardiovascular outcomes,
suggesting that other unmeasured fac-
tors may also play a role. Furthermore,
in contrast to the observed increases
in SBP and pulse rate, no significant
difference in DBP was found between
the two groups (p = 0.399). This null
finding suggests that the cardiovascular
changes observed during the pandemic
are more likely due to increased sympa-
thetic activity or acute stress responses,
which increase SBP and heart rate rath-
er than DBP. In the literature consulted,
we found very few studies investigating
changes in BP during COVID-19 lock-
down in young adult women. The mech-
anisms underlying these findings are not
yet clear, but there are several possible
explanations for the increased SBP and
pulse rate in the population during the
COVID-19 pandemic. Most important-
ly, BP was influenced by housework, in-
creased housework and sedentary behav-
iour, isolation, pandemic-related stress
and major changes in personal lifestyle.
In addition, alcohol consumption is
known to increase BP, and several stud-
ies have shown an increase in alcohol
consumption and binge drinking during
the pandemic (Grossman et al. 2020;
Pollard et al. 2020). Our results are sim-
ilar to those of Nagata et al. (2023), who
observed an increase in BP in early ad-
olescence. The results of another study
by Nolde et al. (2024) provide clear evi-
dence of higher BP in individuals in Aus-
tralia during the COVID-19 pandemic
compared to the pre-pandemic period. In
the study by Gotanda et al. (2022), the
number of BP measurements decreased
significantly at the beginning of the
pandemic and then gradually increased.
During the pandemic, SBP and DBP in-
creased compared to the pre-pandemic
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period. In the study by Laffin et al.
(2022) among US adults, annual chang-
es in SBP and DBP showed no differenc-
es between 2019 and January to March
2020. In this study, the annual increase
in BP from April to December 2020 was
significantly higher than in 2019. Dur-
ing the pandemic period, mean monthly
changes from the previous year ranged
from 1.10 to 2.50 mm Hg for SBP and
from 0.14 to 0.53 mm Hg for DBP. The
increase in SBP and DBP applied to
men, women and all age groups. Larger
increases were observed in women for
both SBP and DBP, in older participants
for SBP and in younger participants for
DBP (all p < 0.001).

In our study, pulse rate was sig-
nificantly higher in the pandem-
ic group compared to the pre-pandemic
group (p < 0.001), suggesting a potential
physiological response to pandemic-re-
lated stress or lifestyle changes. This
finding contrasts with the results of
Wryatt et al. (2025), who reported a 1.5%
decrease in pulse rate during lockdowns,
attributing the reduction to lower physi-
cal activity levels among participants.

Limitations of the study
Our study provides unique results, but
these are limited by the cross-sectional
design of the study. While we compared
two cross-sectional data sources, we did
not interview the same women over time.
Nevertheless, both are population-repre-
sentative surveys, and we used identical
measures to assess the results to allow
for cross-study comparison. A notable
limitation is the sample size (n = 552),
which is moderate but may not be suffi-
cient to detect small effect sizes in sub-
group analyses. We did not perform an
a priori power analysis, which limits the
interpretation of non-significant results.

Future studies with larger samples are
needed to confirm our findings and better
estimate effect sizes of pandemic-related
changes in cardiovascular parameters.
We also acknowledge concerns regard-
ing the representativeness of the sample.
The participants were not randomly and
voluntarily recruited among Slovak uni-
versity students and graduates. While
this group represents a specific and rel-
evant population group (i.e. young, edu-
cated women), the generalisability of the
results to the wider population of young
Slovak women may be limited. It should
be noted that general limitations of this
study include the subjective nature of
the lifestyle assessment, which was ob-
tained by self-report, and that important
data may not have been fully captured.
This potential limitation was at least
partially addressed through face-to-face
interviews with all women. Although we
used a validated digital sphygmomanom-
eter and body composition analyzer, we
did not provide information on device
calibration, precision, or measurement
error that may have affected the reliabil-
ity of the recorded values. Furthermore,
although the regression models showed
statistically significant relationships,
their explanatory power was limited (R2
between 0.068 and 0.122), meaning that
only a small proportion of the variance in
the results was explained. This should be
taken into account when interpreting the
predictive power of the models. Although
the multivariable regression models were
used to control for known confounding
factors, the possibility of residual con-
founding remains. Unmeasured varia-
bles such as psychological stress, alcohol
consumption or socioeconomic status
may have influenced the cardiovascular
outcomes and should be considered in
future studies.
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Conclusions

We found significant differences in SBP
and pulse rate between the group of
women before the pandemic and the
group of women during the pandemic.
We observed significantly higher SBP and
pulse rate in young adult women during
the pandemic than before. However, no
significant difference was observed in
DBP between the two groups. Given the
demographic specificity of our sample—
young Slovak women who were univer-
sity students or recent graduates—the
generalizability of our findings to broad-
er populations is limited. Additionally,
while we adjusted for several covariates,
we cannot rule out the influence of un-
measured factors such as psychosocial
stress, alcohol consumption, or socioec-
onomic status, which may have contrib-
uted to the observed changes in cardio-
vascular parameters. Nevertheless, these
results highlight a potential public health
concern. In light of these findings, target-
ed follow-up and cardiovascular moni-
toring specifically for young adult wom-
en should be considered, especially after
a pandemic, to assess the persistence and
long-term health effects of these changes.
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AssTrACT: The physical development of the human body is used as an objective indicator of the health
status and work capability of the population. Height and weight are the main anthropometric traits which
vary and change significantly during the growth period and are used as a base for the development of
anthropometric standards at different ages. The aim of this study is to assess the basic anthropomet-
ric traits in adolescent boys and girls in Bulgaria in order to establish age- and sex-specific variation in
growth. During the period 2016-2018, a transversal anthropometric study in five secondary schools
in Sofia, Bulgaria was conducted. A total of 424 adolescents (211 boys and 213 girls) aged 9 to 14 years
were studied. Anthropometric measurements were performed according to the classic 1957 methodology
of Martin-Saller. Statistically significant sex differences (p<0.05) were indicated for height and weight in
the age periods: 10-11 years, with priority for girls and 13-14 years, with priority for boys. Age-related
differences (p<0.001) in the age period 9-14 years were also observed. Physical development of adolescent
Bulgarian students follows the general trends of the postnatal ontogenesis, reflected in increasing the sizes
of anthropometric features highlighted in 10-11-year-olds girls and 13-14-year-olds boys. These new data
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Introduction

Physical development is an objective in-
dicator for the health status and work
capability of the population. Anthropo-
metric measurements are the most pre-
ferred clinical tool for screening normal
child growth and predicting disease risk
factors from childhood (Freedman et al.
1999; Revenga-Frauca et al. 2009; Nagy
et al. 2014; Andaki et al. 2018). Height
and weight are the main anthropomet-
ric traits that exhibit great adaptive po-
tential and which change significantly
during the growth period. Their metric
characteristics are used as a base for de-
veloping anthropometric standards at
different ages and vary significantly in
populations of different climatic and geo-
graphical areas (Theis et al. 1993; Honig-
man et al. 1993; Anekceea 1998; Roach
and Hackett 2001; Malkog et al. 2012).
According to Eveleth (1987), children of
different nationalities differ in both size
and shape of the body and rate of their
growth (Eveleth 1987). Following the
physical development of children from
the Northern part of Russia, Kozlov and
Vershubskaya (1999) found that they are
characterized by lower height and body
weight compared to their peers from
the central parts of Russia. It has been
established that these peculiarities are
due to the ethnicity of individuals and
are not the result of the adverse climatic
conditions in which they live (Kozlov and
Vershubskaya 1999).

Body mass index (BMI) is used to as-
sess nutritional status in children and ad-
olescents as well as adults. Elevated BMI
in childhood is related to adult obesity
and a high risk of various diseases. Other,
more direct ways of measuring adiposity
are known to correlate well with BMI, and
consistent links are known between BMI

and comorbidities associated with obesity
and overweight. Body mass index is thus
still regularly implemented as a child’s
measure of weight. Elis et al. (1999) de-
clared a close relation between BMI and
percent body fat (%BF) assessing 438 Cau-
casian, 283 African, and 258 Hispanic
children and adolescents aged 3-18 years,
and confirmrd the suggestion for relation
with the age and ethnicity.

The standards for height and weight
used in pediatric practice in Bulgaria are
based on international or national data
collected more than fifty years ago, and
they may be out of date due to secular
trends. This highlights the need to create
newer and more competitive norms for
assessing body weight, body height and
BMI in children and adolescents. Thus,
the aim of this study was to assess the
basic anthropometric traits in adolescent
Bulgarian boys and girls in order to es-
tablish age- and sex-related variation in
adolescent growth.

Materials and Methods

Study design and participants
The present transversal anthropometric
study was carried out in the period
2016-2018 and included 424 (211 boys
and 213 girls) children and adolescents
from Sofia, Bulgaria, aged 9 to 14 years.
Anthropometric measurements were
performed according to the classic
methodology of Martin Saller (1957).
Body height and weight were measured by
standard anthropometric equipment. For
BMI calculations, weight in kgs was di-
vided by height in m?2. The ethics protocol
for this study was reviewed and approved
by the Ethical Committee of the Institute
of Experimental Morphology, Pathology,
and Anthropology with Museum - Bul-
garian Academy of Sciences (Protocol No
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3/11.04.2018 ). The study was conducted
in agreement with the principles stated
in the Declaration of Helsinki for human
studies and researches (WHO 2008). All
participants and their parents gave a com-
pleted informed consent for voluntary par-
ticipation in the study.

Statistical analysis
The statistical data processing was
carried out using the Statistical Package
for the Social Sciences 16.00 (SPSS 16.00)
software. Student t-tests at p<0.05
were performed to detect sex-related
differences in the above outlined vari-
ables. To establish age-related differenc-

175
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135

138.48
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es, one-way ANOVA with Tukey’s post
hoc tests at p<0.05, p<0.01, p<0.001
was applied.

Results

The linear growth of the body increas-
es significantly throughout the assessed
age period. The average body height of
9-year-old boys (140.37 cm) has greater
values than than of girls (138.48 cm) of
the same age. Between 10 and 12 years,
girls are taller than boys and their peak
height velocity occurs at about 11 years.
The maximum increase in boys’ height is
between 11-12 years (Figure 1).

Height

. 168.48

12vyears 13 vyears

=@ hoys === girls

14 years

Figure 1. The average values of height in 9-14-year-olds Bulgarian children and adolescents

The average value of weight in girls
varies from 33.26 kg at the age of 9 to
53.63 kg at the age of 14 years. The girls’
weight increased significantly between
9 and 10 years. The boys’ mean weight
values range from 35.04 kg to 59.41 kg
in the age period from 9 to14 years. Their

peak weight velocity occurs two years
later, than the girls — between 11 and
12 years (Figure 2).

Statistically significant sex differences
(p<0.05) for height and weight in the
age periods 10-11 years with priority
for girls, and 13-14 years for Dboys,
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were observed. Age-related differences
for height and weight (p<0.001) in the
period 9-14 years were also established.
The assessed age period is characterized
by a slight increase of the values of
BMI in both sexes: from 17.78 kg/m? to

Weight

62

57

52

47

kg

42

37 35.04

33.26
S years

32
10 years

11 years

20.77 kg/m? in boys and from 17.28 kg/m?
to 21.03 kg/m? in girls. Incremental
change in BMI in both sexes follows the
trend determined by height and weight,
but there were no statistically significant
sex- and age-related differences (Figure 3).
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Figure 3. The average values of body mass index (BMI) in 9-14-year-olds Bulgarian children and adolescents
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Discussion

The present study emphasizes the spe-
cifics of the physical development of
9-14-year-old healthy Bulgarian boys and
girls. The results of our study confirmed
that 9-14-year-old boys and girls grow up
significantly when it comes to their height
and weight. The increment of change in
boys’ and girls’ height is 28.11 c¢m, and
19.56 cm, respectively. Reaching their
maximum occurs in different age periods
according to sex. The girls reached their
peak height and weight velocity earlier
than boys (between 10 and 11 years) and
also have earlier onset of puberty. The larg-
est absolute year alteration for this period
was observed: 7.14 cm in girls’ height and
8.09 kg in their weight. Puberty in boys oc-
curs between the ages of 13-14 when height
and weight reach values of 168.48 cm and
59.41 cm, respectively. The maximal year
alteration in boys’ height and weight is
8.19 cm and 8.09 kg at the age of 12 when
the line of growth is crossed and the boys
are ahead of girls in terms of the assessed
anthropometric traits (Table 1).

Sex differences in the age periods
10-11 and 13-14 years are the most pro-
nounced. Assessing the anthropometric
characteristic of children and adoles-
cents from the Smolyan region (Bulgar-
ia), Mladenova (2003) determined close
to our results. Analysis of the data shows
that the first peak of linear growth was
observed between 4 and 7-8 years. The
second peak height velocity is established
in the period of 9-10 years in girls, while
in boys it occurs about three years later
(Mladenova 2003). Earlier data for Bul-
garian children and adolescents showed
that between 9 and 12 years girls gradu-
ally outstrip the boys but at 14 years they
nearly stopped their growth in height and
weight. Contrary, boys continue to grow

significantly after 14 years (Nacheva et al.
2012). The data from a transversal study
of 9-16-year-olds students from Sofia,
Bulgaria showed a spurt in their morpho-
logical development, with a peak between
10 and 11 years, and 13 years with girls.
For boys aged 13-14 years, the author reg-
istered a puberty growth spurt peak, and
the beginning of post-puberty between ages
of 15-16 is an exception (Mitova 2009).

Table 1. Heigth, weight, and body mass index (BMI)
data for 9-14-year-old Bulgarian boys and girls

Absolute Year Alteration (AYA)
Age period g

(years) ?
HEIGHT (cm)
9-10 4.17° 6.88
10-11 4.14° 7.14
11-12 8.19° 3.41
12-13 4.96 3.69
13-14 6.65" 0.31
WEIGHT (kg)
9-10 4.87 8.09°
10-11 2.30 2.97
11-12 6.78" 3.25
12-13 6.16° 4.95
13-14 4.26 1.11
BMI (kg/m?)
9-10 0.97 1.57
10-11 0.21 0.04
11-12 0.80 0.58
12-13 1.12 1.07
13-14 0.00 0.49

*p<0.05 - statistically significant age differences

Overweight and obesity have been
noted as a pandemic of the 21% century
(Popkin and Doak 1998; Moreno et al.
2000). Obesity has been known as a risk
factor for the development of type 2 di-
abetes, cardiovascular and other health
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disorders (Pischon et al. 2008; Di Angel-
antonio et al. 2016; Bluher 2019). In de-
veloped countries, part of overweight and
obese individuals increased from 16.9%
of males and 16.2% of females in 1980
to 23.8% of males and 22.6% of females
in 2013 (Ng et al. 2014). Aranceta-Bar-
trina et al. (2016) declared that in Spain,
the prevalence of overweight in the
adulthood reaches 39.3%, and the global
prevalence of obesity in 2014-2015 was
estimated at 21.6% (Aranceta-Bartrina
et al. 2016). An anthropometric assess-
ment of Bulgarian 8-15-year-old stu-
dents from the Smolyan region showed
they have higher BMI values than girls
in all ages, with statistically insignificant
differences between the sexes (Mladeno-
va and Andreenko 2015). Over last dec-
ade, an increament in overweight and
obesity prevalence among Bulgarian pu-
pils from Smolyan region was registered
by Mladenova and Andreenko (2015).

Assessing BMI is the most popular
method to track the changes in nutrition-
al status from childhood to adulthood.
Whereas in adult age only, the thresholds
that define BMI in terms of overweight
and obesity are not associated with age or
sex. In growing children, however, BMI
links with sex and age. In accordance
with the standards of the International
Obesity Task Force (IOTF) and the World
Health Organisation (WHQO), Cole et al.
(2000; 2007) developed specific BMI cut-
offs for children and adolescents under
18 years. According to the IOTF BMI
thresholds, all 9-14-year-old boys and
girls who took part in the present study
fall in the category of normal weight sta-
tus. In further studies, we are going to
present reference standards of BMI-for-
age in Bulgarian children and adolescents
(WHO 1987; Cole 2000, 2007).

Conclusion

Physical development of Bulgarian
children and adolescents follows the
general tendency of the postnatal
ontogenesis, shown in increasing the sizes
of anthropometric features highlighted in
10-11-year-old girls and 13-14-year-old
boys. These new data for height, weight,
and BMI in 9-14-year-old Bulgarian stu-
dents might be a practical addition in
the pediatric practice to the monitoring
children’s health. Despite the benefits
observed, a limitation in this study is the
small sample size when separated by age
and sex, especially in the last age group.

Acknowledgments
The author would like to thank the stu-
dents and their parents for making this
study possible.
Author contributions

AD designed the study, collected the
data, oversaw the statistical analysis/in-
terpretation and agree to be accontable
for all aspect of the work.

Funding
None to declare.

Conflict of interests

No conflict of interests were declared by
the author.

Ethics statement

Ethical approval was issued by the Ethics
Committee of the Institute of Experimen-
tal Morphology, Pathology, and Anthro-
pology with Museum - Bulgarian Acade-



Growth in Bulgarian Adolescents 57

my of Sciences (Protocol Ne 3/11.04.2018)
and was conducted in agreement with
the principles stated in the Declaration of
Helsinki for human studies (2008).

Corresponding author

Albena Dimitrova, Department of Ana-
tomy and Biomechanics, National Sports
Academy “Vassil Levski”, Akad. Stefan
Mladenov, Str. 21, Sofia, Bulgaria, Tel.:
+359 895 736 299; e-mail: albena 84@
abv.bg

References

Alekseeva TI. 1998. Adaptaciya cheloveka v
razlichnyh ekologicheskih nishah zemli
[Human Adaptation in Various Ecological
Niches of the Earth]. Moscow, MNEPU
Publ., 280 (In Russ.)

Andaki ACR, Mendes EL, Santos A, Brito CJ,
Tinoco ALA, Mota J. 2018. Waist circum-
ference percentile curves as a screening tool
to predict cardiovascular risk factors and
metabolic syndrome risk in Brazilian chil-
dren. Cad Satde Publica 34: 9. https:/doi.
org/10.1590/0102-311X00105317

Aranceta-Bartrina J, Pérez-Rodrigo C, Alberdi-
-Aresti G, Ramos-Carrera N, Liazaro-Mase-
do S. 2016. Prevalence of general obesity
and abdominal obesity in the spanish adult
population (aged 25-64 years) 2014-2015:
The ENPE study. Rev Esp Cardiol Engl Ed
69: 579-587. https://doi.org/10.1016/j.
rec.2016.02.009

Blither M. 2019. Obesity: global epidemiology
and pathogenesis. Nat Rev Endocrinol 15:
288-298. https://doi.org/10.1038/s41574-
019-0176-8

Cole T, Bellizi M, Flegal K, Dietz W. 2000. Estab-
lishing a standard definition for child over-
weight and obesity worldwide: internation-
al survey. British Med J 320: 1240-1245.
https:/doi.org/10.1136/bm;j.320.7244.1240

Cole T, Flegal K, Nicholls D, Jackson A. 2007.
Body mass index cut offs to define thinness
in children and adolescents: international
survey. British Med J 335: 194-201 https://
doi.org/10.1136/bmj.39238.399444.55

Di Angelantonio E, Bhupathiraju SN, Worm-
ser D, Gao B Kaptoge S, de Gonzalez AB,
et al. 2016. Body-mass index and all-cause
mortality: individual-participant-data me-
ta-analysis of 239 prospective studies in four
continents. Lancet 388: 776-786. https:/
doi.org/10.1016/S0140-6736(16)30175-1

Ellis JK, Abrams AS, William WW. 1999.
Monitoring childhood obesity: assess-
ment of the weight/height? index. Am J
Epidemiol 150(9): 939-946. https:/doi.
org/10.1093/oxfordjournals.aje.a010102

Eveleth Ph. 1987. Population differences in
growth: Environmental and Genetics fac-
tors. In: Falkner Fr, Tanner JM. Human
Growth: Volume 3 Neurobiology and
Nutrition (pp. 373-394). Boston, MA:
Springer US.

Freedman DS, Serdula MK, Srinivasan SR,
Berenson GS. 1999. Relation of circum-
ferences and skinfold thicknesses to lipid
and insulin concentrations in children and
adolescents: The Bogalusa Heart Study.
Am J Clin Nutr 69: 308-317. https:/doi.
0rg/10.1093/ajcn/69.2.308

Honigman B, Theis MK, Koziol-McLain 7,
Roach R, Yip R, Houston C, Moore LG,
Pearce P. 1993. Acute mountain sickness
in a general tourist population at moder-
ate altitudes. Ann Intern Med 118: 587-
92.  https://doi.org/10.7326/0003-4819-
118-8-199304150-00003

Kozlov A, Vershubskaya G. 1999. Medicinal
Anthropology of the Indigenous Population
of Northern Russia. MNEPU Moscow.

Malkog I, Mazicioglu MM, Ozkan B, Kondolot M,
Kurtoglu S, Yesilyurt H. 2012. Growth
Percentiles in Children Living at Moderate
Altitudes. J Clin Res Pediatr Endocrinol 4(1):
14-20. https://doi.org/10.4274/jcrpe.559


https://doi.org/10.1590/0102-311X00105317
https://doi.org/10.1590/0102-311X00105317
https://doi.org/10.1016/j.rec.2016.02.009
https://doi.org/10.1016/j.rec.2016.02.009
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.39238.399444.55
https://doi.org/10.1136/bmj.39238.399444.55
https://doi.org/10.1016/S0140-6736(16)30175-1
https://doi.org/10.1016/S0140-6736(16)30175-1
https://doi.org/10.1093/oxfordjournals.aje.a010102
https://doi.org/10.1093/oxfordjournals.aje.a010102
https://doi.org/10.1093/ajcn/69.2.308
https://doi.org/10.1093/ajcn/69.2.308
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.4274/jcrpe.559

58 Albena Dimitrova

Mitova Z. 2009. Anthropological Charac-
teristics of Physical Development, Body
Composition and Nutritional Status in
9-15-year-old Children and Adolescents
from Sofia city. PhD Thesis, Bulgarian
Academy of Sciences.

Mladenova S. 2003. Anthropological Char-
acteristics of Growth and Development
Processes in Smolyan Children and Ado-
lescents in Contemporary Living Condi-
tions. PhD Disertation, Plovdiv.

Mladenova S, Andreenko E. 2015. Prevalence
of underweight, overweight, general
and central obesity among 8-15-years
old Bulgarian children and adolescents
(Smolyan region, 2012-2014). Nutr Hosp.
31(6): 2419-27. https://doi.org/10.3305/
nh.2015.31.6.8805

Moreno LA, Sarri“a A, Fleta J, Rodri“guez G,
Bueno M. 2000. Trends in body mass index
and overweight prevalence among children
and adolescents in the region of Arago'n
(Spain) from 1985 to 1995. Int ] Obes Relat
Metab Disord. 24: 925-931. https://doi.org
/10.3109/03014460.2013.778329

Nacheva A, Zhecheva Y, Yankova I, Filche-
va Z, Mitova Z, Yordandov Y. 2012. Phys-
ical Development of Children and Youths
in Bulgaria on the Borderline Between 20
and 21% Century. Prof. Marin Drinov Aca-
demic Publishing House, Sofia.

Ng M, Fleming T, Robinson M, Thomson B,
Graetz N, Margono C, Mullany EC,
Biryukov S, Abbafati C, Abera SE 2014.
Global, regional, and national prevalence
of overweight and obesity in children and
adults during 1980-2013: A systematic
analysis for the Global Burden of Disease
Study 2013. Lancet 384: 766-781. https://
doi.org/10.1016/S0140-6736(14)60460-8

Nagy P, Kovacs E, Moreno LA, Veidebaum T,
Tornaritis M, Kourydes Y, Molnar D.

2014. Percentile reference values for
anthropometric body composition indices
in European children from the IDEFICS
study. Int J Obes 38: 15-25. https:/doi.
0rg/10.1038/ij0.2016.119

Pischon T, Boeing H, Hoffmann K, Berg-
mann M, Schulze MB, Overvad K et al.2008.
General and abdominal adiposity and risk
of death in Europe. N Engl ] Med 359:
2105-2120. https://doi.org/10.1056/nej-
moa0801891

Popkin BM, Doak CM. 1998. The obesity
epidemic is aworldwide phenomenon. Nutr
Rev 56: 106-114. https://doi.org/10.1111/
j.1753-4887.1998.tb01722.x

Revenga-Frauca ], Gonzilez-Gil E, Bueno-
Lozano G, De Miguel-Etayo B, Velasco-
Martinez B Rey-Lopez JB, Moreno LA.
2009. Abdominal fat and metabolic
risk in obese children and adolescents.
J Physiol Biochem 65: 415-420. https:/
doi.org/10.1007/BF03185937

Roach RC, Hackett PH. 2001. Frontiers
of hypoxia research: acute mountain
sickness. ] ExpBiol 2043161-3170. https://
doi.org/10.1242/jeb.204.18.3161

Theis MK, Honigman B, Yip R, McBride D,
Houston CS, Moore LG. 1993. Acute
mountain sickness in children at 2835
meters. Am | Dis Child 147: 143-145.
https://doi.org/10.1016/j.wem.2021.11.001

World Health Organization: Measuring Obe-
sity-Classification and Description of
Anthropometric Data. 1989. Report on
a WHO Consultation on the Epidemiol-
ogy of Obesity. Warsaw, October 21-23
1987. WHO Copenhagen.

World Medical Association, Declaration of
Helsinki — Ethical Principles for Medical
Research Involving Human Subjects.
2008. WM]J 54(4) 122-125. https://doi.
org/10.1001/jama.2013.281053


https://doi.org/10.3305/nh.2015.31.6.8805
https://doi.org/10.3305/nh.2015.31.6.8805
https://doi.org/10.3109/03014460.2013.778329
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1038/ijo.2016.119
https://doi.org/10.1038/ijo.2016.119
https://doi.org/10.1056/nejmoa0801891
https://doi.org/10.1056/nejmoa0801891
https://doi.org/10.1111/
j.1753–4887.1998.tb01722.x
https://doi.org/10.1111/
j.1753–4887.1998.tb01722.x
https://doi.org/10.1007/bf03185937
https://doi.org/10.1242/jeb.204.18.3161
https://doi.org/10.1016/j.wem.2021.11.001
https://doi.org/10.1001/jama.2013.281053

Anthropological Review * Vol. 88(3), 59-67 (2025)

JUBILEUSZ 100 LAT

ANTHROPOLOGICAL REVIEW
T

Available online at: https:/doi.org/10.18778/1898-6773.88.3.05 .0 .. rowarzystwo

ANTROPOLOGICZNE

Human Biology Research in Anthropological Review:
2025 Onwards Editorial and Polish Anthropological
Society Perspectives

Justyna ]. Miszkiewicz' ®, Jacek Tomczyk? ®, Francesco M. Galassi®
Magdalena Durda-Masny* @, Barbara Mnich®
Joanna Nieczuja-Dwojacka® ®, Maciej Henneberg’

! School of Social Science, University of Queensland, Brisbane, Australia, Vertebrate
Evolution, Development and Ecology, Naturalis Biodiversity Centre, Leiden, The Netherlands
2 Institute of Biological Sciences, Cardinal Stefan Wyszynski University in Warsaw, Warsaw, Poland
3 Department of Anthropology, University of £6dz, £6dz, Poland
* Institute of Human Biology and Evolution, Faculty of Biology, Adam Mickiewicz University,
Poznan, Poland
5 Department of Criminalistics, Fingerprint and Forensic Anthropology Section,
Institute of Forensic Research, Krakéw, Poland
¢Institute of Biological Sciences, Cardinal Stefan Wyszyniski University in Warsaw, Warsaw, Poland
7 School of Biomedicine, The University of Adelaide, Adelaide, Australia,
Institute of Evolutionary Medicine, University of Zurich, Zurich, Switzerland

AssTracT: Human biology research in the 21* century takes on a whole new meaning with an improved
range of methodological, ethical, and technological advancements. Human biologists working in diverse
sub- and inter-disciplinary areas now have at their disposal access to more efficient technical toolkits than
ever before, producing data that can be rapidly shared through open access platforms. However, we also face
challenges with the ever-increasing presence of artificial intelligence (Al), and continued ethical concerns
around ‘helicopter research’ using human personal and tissue data in developing countries. Anthropological
Review (AR), the flagship journal of the Polish Anthropological Society (PTA), is an open access journal
with a long history of publishing inter-disciplinary human biology research and continued commitment
to sharing high quality findings. In this piece, as PTA is celebrating its 100" anniversary in 2025, and
as the editorial board of AR with a new Editor-in-Chief, and the President of PTA, we outline the stance
of AR on key issues in today’s human biology research. We focus on open access, early career researcher
opportunities, Al, the need for multi-methodological approaches and inter-disciplinarity, and commitment
to the application of ethical framework in human biology research featured in our journal.

Keyworbs: open access, artificial intelligence, ethics, human biology

Original article
. © by the author, licensee Polish Anthropological Association and University of Lodz, Poland
@creatlve 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: 14.08.2024; Revised: 27.08.2025; Accepted: 29.08.2025



https://doi.org/10.18778/1898-6773.88.3.05
https://orcid.org/0000-0002-9769-2706
https://orcid.org/0000-0002-0605-665X
https://orcid.org/0000-0001-8902-3142
https://orcid.org/0000-0002-5895-9754
https://orcid.org/0000-0001-6153-6405
https://orcid.org/0000-0002-3853-0950
https://orcid.org/0000-0003-1941-2286
https://creativecommons.org/licenses/by-nc-nd/4.0/

60 Justyna ]. Miszkiewicz, Jacek Tomczyk, Francesco M. Galassi et al.

ABSTRAKT: Badania nad biologig czlowieka w XXI wieku nabieraja zupelnie nowego znaczenia, dzieki wyko-
rzystaniu postepéw badawczych w obszarze metodologii, etyki czy technologii. Biolodzy zajmujacy sie ba-
daniem czltowieka zaréwno w obszarze poszczegdlnych poddyscyplin, jak i z wykorzystaniem badan interdy-
scyplinarnych, maja teraz dostep do najnowoczes$niejszego sprzetu laboratoryjnego oraz zestaw6w narzedzi
technicznych i informatycznych. Umozliwiajg one gromadzenie danych, ktére mozna szybko udostgpniaé
za posrednictwem platform o otwartym dostepie. Stajemy jednak réwniez przed wyzwaniami zwigzanymi
ze stale rosnacg obecno$cia sztucznej inteligencji (Al) i cigglymi obawami etycznymi dotyczacymi uprawia-
nia nauki neokolonialnej z wykorzystaniem danych osobowych i tkankowych ludzi w krajach rozwijajacych
sie. ,Anthropological Review” (AR), sztandarowe czasopismo Polskiego Towarzystwa Antropologicznego
(PTA), to czasopismo o otwartym dostepie, z dtuga historia publikowania interdyscyplinarnych badan
z zakresu biologii cztowieka i staltym zaangazowaniem w udostepnianie wysokiej jakosci wynikow. W ni-
niejszym artykule, swigtujac 100-lecie PTA w 2025 roku, jako redakcja AR z nowa redaktorka naczelng,
i przewodniczacym PTA, przedstawiamy stanowisko AR w kluczowych kwestiach dotyczacych wspoteze-
snych badan nad biologia cztowieka. Koncentrujemy sie na otwartym dostepie, mozliwosciach dla mtodych
naukowcow, sztucznej inteligencji, potrzebie stosowania podejScia multimetodologicznego i interdyscypli-
narnego oraz zaangazowania w stosowanie ram etycznych w badaniach nad biologia cztowieka, o ktoérych

mowa w naszym czasopi$mie.

StowA KLUCZOWE: otwarty dostep, sztuczna inteligencja, etyka, biologia cztowieka

In January 2025, Anthropological Re-
view (AR), the flagship journal of the
Polish Anthropological Society (PTA),
welcomed a new Editor-in-Chief, Dr Ju-
styna Miszkiewicz of the University of
Queensland (Australia), taking over from
Professor Stawomir Koziel of the Polish
Academy of Sciences after his many
years of dedicated service. With further
changes to the Assistant Editors of the
journal, including welcoming Dr Joanna
Nieczuja-Dwojacka of Cardinal Stefan
Wyszynski University in Warsaw in place
of Dr Agnieszka Tomaszewska, we take
this opportunity to pen an editorial piece
overviewing our perspectives on the next
few years of research published in AR. As
PTA is celebrating its 100* anniversary
in 2025, we highlight key current issues
in human biology and comment on to-
pics we are particularly interested in fea-
turing in future editions of AR.

Open access and data sharing
We are a fully open access (OA) journal,

meaning that none of our articles are
published behind a paywall. Combined

with the fact that we do not collect ar-
ticle processing charges (APC), our jour-
nal is one of a handful of journals with-
in human biology to operate using such
a model. Financial support for the pro-
cessing of our articles stems from local
university support (University of Lodz),
the Ministry of Science and Higher Edu-
cation in Poland, and the PTA, creating
an opportunity to have results commu-
nicated free of charge under the Creative
Commons license Attribution-NonCom-
mercial-NoDerivatives (BY-NC-ND) in-
ternational deed. Open access research
tools and publishing have long been
recognised as benefiting science by ac-
celerating innovation, data and findings
dissemination and fostering transfer of
knowledge across diverse fields (Nishi-
kawa and Murakami 2005; Eysenbach
2006; Miszkiewicz 2020). We believe our
journal’s model is particularly important
for breaking down global inequalities in
publishing, and for early career research-
ers (ECRs) who nowadays find them-
selves in precarious research employ-
ment positions and need to accumulate
citations and h-index records, which can
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be accelerated through OA publishing
(Huang et al. 2024). Around the world,
tenured and tenure-track positions are
less common, and research contracts
are increasingly reliant on ‘soft’ grant
money, which is also difficult to secure in
an ever-increasing competitive research
environment where there are dispropor-
tionately more PhD graduates than there
are research and academic positions. The
research landscape prospects for ECRs
have become even more challenging
since the COVID-19 pandemic (Johnson
and Weivoda 2021), and ECR publication
trends have been plagued with confusion
and disappointment about the commer-
cialisation of OA by major publishers
(Nicholas et al. 2024). We hope that, in
this context, AR allows ECRs to trust in
ethical publishing offering OA publishing
opportunities at no cost.

Further, in the context of the Polish
academic system, the number of points
assigned by the Ministry of Science and
Higher Education to a journal is a de-
cisive factor in career progression, in-
fluencing evaluations, promotions, and
grant competitiveness. The number of
points assigned by the Ministry reflects
the ranking of the journal on the official
ministerial list and is used in evaluat-
ing the scientific output of researchers
and institutions. In the past, our journal
was assigned 140 points, and it current-
ly holds 70. We are actively working to
restore the higher rating and raise our
journal’s point allocation by aiming to
increase AR’s visibility, improving its
indexing status, and welcoming more
international submissions. We recognise
the critical role of ministerial rating in
enhancing the professional prospects of
our authors, so maintaining the journal’s
standing within the national and inter-
national research landscape is a priority.

Related to the importance of mak-
ing articles openly accessible is the issue
of data sharing. In 2019, the American
Association of Physical (now Biological)
Anthropologists held a workshop titled
,Data Sharing in Biological Anthropol-
ogy” which resulted in a publication of
guidelines for good practice in this space
(Turner and Mulligan 2019). The guide-
lines were received both with a positive
response praising their commitment to
data sharing, transparency and replicabil-
ity (e.g., Leigh 2020), and critical views
highlighting issues such as a lack of con-
siderations given to Indigenous data sov-
ereignties (Tsosie et al. 2020) and poor
guiding on the reporting, meaning, and
various practicalities of data sharing
practices within biological anthropology
(Wagner 2020). In the past few years, an
increasing number of biology journals
have introduced mandatory data availa-
bility statements (Hrynaszkiewicz et al.
2020; Tedersoo et al. 2021), but few still
offer opportunities to publish data pa-
pers associated with published datasets.
We are pleased that, as of 2025, AR now
facilitates the publication of data papers,
which are short, peer-reviewed publica-
tions discussing an existing dataset with-
in a trusted, accredited repository, and
the possibilities of its reuse. These should
describe the contents, methods used to
generate, and the reuse potential, of the
dataset. Our journal’s commitment to
OA dissemination of articles and data
aligns with the scientific values of PTA,
contributing to global efforts in fostering
knowledge exchange within human biol-
ogy research. This may prove particularly
relevant in Poland, where research as-
sessment increasingly values both open
access and robust data management.
Publishing data papers will allow Pol-
ish scholars to gain formal recognition
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for the significant work of generating
and curating datasets—effort often over-
looked in evaluations. In a system where
publication points are pivotal for career
advancement, a peer-reviewed data paper
linked to an open dataset can boost vis-
ibility, citations, and impact. Promoting
data sharing in Polish anthropology and
human biology will also strengthen inter-
national collaborations.

Artificial intelligence: ethical
use or no use at all?

It would be imprudent to write an edi-
torial article in 2025 without discussing
the matter of artificial intelligence (AI)
as it is ever-increasingly making its way
into research. Universities are globally
grappling with integrity issues due to
students using Al in their assignments
(Alsharefeen and Sayari 2025; Kovari
2025}, while conference organising com-
mittees, research grant awarding bodies
and journals have been issuing state-
ments on a total ban of, or conditions
under which, AI can be used in written
work or peer review activities (Dwive-
di et al. 2024). Of particular concern is
Generative Al (GenAl), which can con-
duct and synthesise literature reviews
and draft manuscripts based on the given
prompts. This, naturally, creates serious
ethical and copyright problems. While
some plagiarism software now includes
detection for possible AI use, the text
and content created by GenAl are in-
creasingly difficult to discern in writing
due to manipulation and paraphrasing
by authors (Baron 2024). In 2025, our
journal released its policy on the use
of GenAl in manuscripts submitted for
consideration, requiring all authors to
declare whether they did, or did not, use
such tools in the preparation of their

submissions (see our journal’s Author
Declaration Form). While we do not
have a ban in place, we do give authors
an opportunity to provide further infor-
mation on any use of GenAl that is then
evaluated by editors to decide whether
the use can be deemed appropriate and
acceptable for the submission not to be
desk rejected. The request for such fur-
ther information includes details on the
name of the GenAl tool, the purpose
for which it was used with detailed de-
scription of the use, and confirmation
that the author(s) undertook a critical
review of the generated text ensuring
false, incomplete, biased information,
plagiarism, and any authorship or attri-
bution issues are removed, addressed, or
revised. As generative Al is an evolving
space, we will continue to dynamically
review it and revise our stance on it go-
ing forward.

Interdisciplinary and
multimethodological studies

Human biology research is in many ways
inherently interdisciplinary because we
are social animals, so understanding
our biology must occur within a so-
cial framework (Weingart et al. 2013).
Biological anthropologists work with
a range of theoretical paradigms that
stem from different disciplines and often
‘borrow’ methods from cognate disci-
plines to explain human and evolution-
ary phenomena. Our journal has a long
history of publishing such research, and
while, of course, we welcome manu-
scripts on all topics in human biology,
we have had great success specifically in
attracting submissions from auxology
and bioarchaeology. Auxology draws the-
ories and methods from diverse biologi-
cal fields such as health sciences, med-
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icine, and nutrition (Hermanussen and
Bogin 2014), whereas bioarchaeology is
a classic example of an area that bridg-
es humanities, arts and social sciences
(HASS) and science, technology, engi-
neering, and mathematics (STEM) ap-
proaches combining archaeological con-
text with biological and anatomical data
(Stojanowski and Duncan 2015).
Reflecting on the expertise of our edi-
tors (which also spans HASS and STEM
disciplines), as submissions to our jour-
nal in these areas increase, we hope to
see interdisciplinary work in auxolo-
gy address ongoing issues with growth
standards, especially in underrepresent-
ed populations and within a framework
that acknowledges ongoing human evo-
lution (Bender et al. 2024). We also hope
for future bioarchaeology submissions to
AR to incorporate multimethodological
approaches in dental and bone analyses,
considering skeletal data at more than
one hierarchical level. Combining gross
anatomical observations with histologi-
cal, microanatomical, chemical, and/or
genetic data where possible has the po-
tential to offer more nuanced interpre-
tations of past lives and lifestyles from
human remains (e.g., Miszkiewicz and
Mahoney 2016; Jusi¢ et al. 2022; De-
Mars et al 2023; Nava 2024). However,
we stress that this is not always an expec-
tation since there are restrictions around
applying some of these techniques to hu-
man remains when they are destructive
(e.g., extracting bone samples for ground
histology or ancient DNA analyses), such
as in Indigenous contexts. We also hope
for interdisciplinary engagement on mod-
ern societal relevance of bioarchaeology
as biological data from past populations
can shed immense perspectives on con-
temporary problems including social and
economic inequality and climate change

(Buikstra 2019; Robbins Schug et al.
2023). The journal also welcomes contri-
butions in palaecopathology, recognising
its importance in advancing our under-
standing of past health, disease, and hu-
man-environment interactions (Riihli et
al. 2016), which is particularly relevant
to modern pandemics and remerging in-
fectious diseases. We are planning to fea-
ture thematic issues in the coming years
of AR activity, which will certainly have
interdisciplinary and/or multimethodo-
logical foci.

Ethical frameworks

Studying humans has always come with
its own challenges, but as we navigate
today’s legal, political, social, and eco-
nomic developments worldwide, and
increasingly witness the recognition of
the impact of colonial histories and lega-
cies on human biology research in some
countries, improved ethical standards
and discussions for our discipline have
emerged (e.g., Radin 2018; Turner et al.
2018; Plemons et al. 2025; Stantis et al.
202.3; Zuckerman et al. 2025). A range of
research design and conduct areas have
been identified as needing clear ethical
evaluation, including cultural sensitivi-
ty, selection of participants, destructive
sampling and use of human tissue sam-
ples, repatriation, and use of digitised
specimens (e.g., Turner 2005, Squires et
al. 2020, Thomas 2020; Plemons et al.
2025). Most major journals stipulate the
need for reporting of ethics declarations
and have policies specifically addressing
ethics of human biology research involv-
ing living participants or human body be-
quest programs. In other areas, such as
bioarchaeology, this issue has been less
straightforward as working with skeletal
remains from archaeological contexts
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comes with different levels of approv-
als or permissions, often culture-, insti-
tution-, or country-specific (Marquez-
Grant and Fibiger 2011). Increasingly
though, major bioarchaeology journals
are providing clear guidance on ethics
involving bioarchaeological studies. For
example, since 2020, the editors of Bioar-
chaeology International have required an
ethics statement and information on per-
missions relating to any work conduct-
ed on Native American human remains
(Halcrow et al. 2024).

This leads us onto another major eth-
ical issue with ‘collaboration’ between
countries and/or populations of different
economic and development statuses that
has persisted and created ‘helicopter’
or ‘parachute’ research (Nguah 2024).
Wealthy researchers, often from West-
ernised countries, conduct research on,
and within, populations from developing
countries and/or with historical social
and economic disadvantage (Haelewaters
et al. 2021). This situation negatively
impacts local communities who are often
not involved in research planning (or are
reduced to local logistical support), have
no input into data interpretation, no ac-
cess to any resulting publication (also see
our earlier comments about OA), receive
no training or education, or any real ben-
efit of such research (Nguah 2024). As
journal editors, we are committed to
upholding high ethical standards within
human biology research submitted for
publication to AR. As has been shown
elsewhere—e.g.,, Naidoo et al. (2021)
reported that 66.1% of African articles
related to COVID-19 did not have an
African author—editors carry the re-
sponsibility of not only ensuring rigorous
peer review and scientific content, but
can also evaluate whether a paper suffers
from helicopter research and carefully

consider whether it is ethical to publish
such an article.

At AR, we have clear policies on ethics
requirements for human research, includ-
ing bioarchaeological work on human re-
mains. We require an ethics statement to
be declared in submissions where relevant/
appropriate. The Editor-in-Chief is the first
point of evaluation for all submissions,
which always involves ethics checks. All
this is in the effort to be part of the global
human biology and biological anthropol-
ogy community working towards a more
just, decolonised, and fair science, reflect-
ing the values of us as editors, the PTA,
individual researchers, and simply people
who are part of a collective society.

In this editorial article, we outlined
our stance and interests, as editors of AR,
on open access, Al, interdisciplinarity
and methodologies and ethics within hu-
man biology and biological anthropology
research. We are excited for future articles
appearing in AR and thank all authors,
previous editors, and other contributors
who have made the journal a source of
fruitful science thus far.
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