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Mandibular Canal and the Arrangement of the 
Neurovascular Bundle Exit Routes in Divergent 

Populations

Agnieszka Tomaszewska1, Daniel Psonak2, Joanna Rudzka2

1 Department of Anthropology, Wroclaw University of Environmental and Life Sciences, Poland
2 Department of Human Biology, Department of Biological Sciences, University of Wroclaw, Poland

AbstrAct: Aim: In face anatomy and surgery, variation in the presence, number, location, and size of the 
mental foramen is discussed. Knowledge of the location of the mental foramen canal, which may led due 
to the possibility of accidental injury of the neurovascular bundle passing through this canal may lead to 
anesthesia. This study aimed to present selected anatomical features of human mandibles, focusing on 
the morphology of the mandibular canal and its neurovascular bundle exit in populations with different 
socio-economic status.
Material and methods: Selected well preserved and unharmed human skulls (N= 169) (50.3% males, 49.7% 
females) from two populations (rural and outskirts) from Poland were used. Populations differed in socio-
economic statuses.
Results: Obvious dimorphic differences in each analyzed population were stated and inter-population dif-
ferences were observed as well. In an outskirt population sexual dimorphism was more evident. Those 
differences should be considered when approaching the mandibular canal during anesthetic, surgical and 
forensic procedures. 
Discussion: The occurrence of the mental foramen is relatively constant, but location is variable, and thus, 
each individual may exhibit a different arrangement of bundle exits. Both the position and the direction 
of the exit of the neurovascular bundle were similar to other European population. However, differences 
in localization between those two investigated populations were observed. This may suggest that not only 
genetic but also environmental factors, such as living conditions and diet (which affects developmental 
stability), may influence the morphology of the mandibular features.

Key words: cranial openings, mental foramen, mandibular foramen, canal mandible.
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Introduction

Knowledge of the localization of the cra-
niofacial foramina is of importance, main-
ly for dental, surgical, anesthetic and cos-
metic procedures concerning the human 
skull (Cutright et al. 2003). Among the va-
riety of skull foramina, mental and man-
dibular foramina are of greatest interest in 
both clinical and diagnostic practices.

The human mandible is the largest, 
strongest, and lowest bone in the face. Its 
innervation is provided by inferior alve-
olar nerve, a  branch of the mandibular 
division of trigeminal (CNV) nerve (ner-
vus trigeminus), which may be impaired 
due to, e.g. an accidental injury during 
dental or surgical procedures. A lesion to 
CNV may lead to local anesthesia, i.e., 
half of the mandibular region in the case 
of branches of the inferior alveolar nerve 
division (Gray 1985), which is described 
in detail by Renton et al. (2010).

The functional complexity of the hu-
man mandible has contributed to its com-
plex structure, in which foramina and 
canals responsible for communication 
between the spaces within the human 
skull can be distinguished. The mandibu-
lar foramen is located in the middle of the 
mandibular ramus, in the inner (medial) 
aspect of the mandible. The mental fora-
men is located lateral to the mental pro-
tuberance, usually inferior to the apices of 
the mandibular first and second premo-
lars. The mental foramen allows entrance 
of the mental nerve and blood vessels into 
the mandibular canal (Valente et al. 2012; 
Łasinski 1993; Samantha and Kharb 
2013). Through the mandibular canal 
runs the inferior alveolar nerve and infe-
rior alveolar artery, which provides blood 
supply to the lower teeth, periodonts of 
the buccal side and chin and lower lip 
(Gray 1985; Drake et al. 2010).

Inter- populations and regional differ-
ences in size and location of the mental 
and mandibular foramina has been re-
ported (Green 1987; Moiseiwitsch and 
Hill 1998; Nayarana and Prashanthi 
2003; Hasan 2012; Shenoy et al. 2012). 
Thus, its position, size, and number 
need to be considered before preparing 
osteotomy and other surgical proce-
dures in the foraminal area. Although 
different methods of measurements of 
the mandibular features have been re-
ported, the traditional anthropometric 
measurements with sliding calipers are 
most often carried out. However, some 
research was conducted on roentgeno-
graphs. Therefore, we should be aware 
of small simplification of the obtained 
measurements, because the results are 
in 2 D space, and therefore, some of the 
curvilinear measurements may be sim-
plified. Moreover, anatomical variations 
may impede observations of some man-
dibular features, such as the bifid or trifid 
mandibular canal (Mizbah et al. 2012; 
Miličević et al. 2021), which may not be 
detected in panoramic or periapical films 
(Dario 2002). Its occurrence depends 
on the assessment method (cone- beam 
computed tomography or panoramic ra-
diographs) but for anthropological and 
archaeological field work purposes only 
macroscopic assessment is useable. Radi-
ographic assessment of mental and man-
dibular foramina may be tentative. Jacobs 
et al. (2004) reported the mental foramen 
was detected on 94% of panoramic radi-
ographs, but clear visibility was only at-
tained in only 49% of the time. Similarly, 
Yosue and Brooks (1989) observed the 
mental foramen in 87.5% of the samples, 
but the foramina were clearly visible only 
in 64% of the samples. Therefore, com-
puted tomography seems to be the best 
solution in visualizing the position of 
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the foraminal area. According to Sonick 
et al. (1994), average linear errors for CT 
investigation is only 1.8% (compared to 
24% for panoramic films and 14% for 
periapical films).

This study aims to compare selected 
anatomical features of human mandi-
bles, focusing on the morphology of the 
mental and mandibular foramina. Since 
there have been reported inter-popula-
tions and regional differences in mandib-
ular morphology, we used 2 populations 
with different socioeconomic statuses to 
determine whether environmental (geo-
graphical) conditions, e.g., life conditions 
and diet (which affects developmental 
stability) in diverse populations can in-
fluence the morphology of the mandibu-
lar features. This study makes also clin-
ical suggestions to reduce inadvertent 
damage to the mental and inferior alve-
olar nerve during surgical procedures or 
dental approaches in the foraminal area.

Material and methods

The study used 169 adult skulls, held at 
the Department of Human Biology, Uni-
versity of Wroclaw, Poland. The adult age 
of the crania was confirmed based on the 
closure of sphenooccipital synchondrosis. 
The sex of the individuals was determined 
based on sexually dimorphic cranial fea-
tures (Workshop 1980). None of the ex-
amined skulls showed signs of cranial 
deformations, malformations, or trauma.

For the analysis, a selection of 2 pop-
ulations from the Middle-Western Euro-
pean region with different socioeconomic 
statuses, were used:

1. An example of the rural population 
sample from Sypniewo site (Maków Coun-
ty, Masovian Voivodeship, Poland) (Xth 
– XIIIth centuries) (Sekutowski 2002; Bier-
mann 2006). This sample consisted of 75 

skulls 25 (33.0%) skulls which were classi-
fied as male and 50 (67.0%) as female.

2. An example of the outskirt pop-
ulation sample from Gródek upon the 
Bug River (Hrubieszów County, Lublin 
Voivodeship, Poland) (Xth- XIIIth centuries) 
was examined (Belniak et al., 1961). The 
sample consisted of 94 skulls 60 (64.0%) 
classified as male and 34 (36.0%) as female.

Morphometric measurements were 
conducted using a  MicroScribe G2L, 
a  3D contact scanner (www.e-micro-
scribe.com). The measurements (Tab. 1, 
Fig. 1) were carried out according to Mar-
tin’s instructions (Martin et al. 1988) and 
recorded to two decimal places of a milli-
meter. Each measurement was conducted 
twice and an average of 2 measurements 
was used for statistical analyses using 
Statistica 13.0 software (StatSoft 2016).

The mean, standard deviation (SD), 
and variation ranges (minimum-max-
imum) for each of the measurements 
were calculated. All variables had a nor-
mal distribution (Shapiro–Wilk test; 
p>0.05), mostly with homogeneous vari-
ances (Levene’s test; p>0.05). For paired 
comparisons, the Student t-test was used 
(in cases where variances were not ho-
mogenous- with Cochran-Cox adjust-
ment) or Wilcoxon test as an alternative. 
For unpaired comparisons, as an alterna-
tive, the U-Mann Whitney test was used. 
Pearson correlation coefficient (or Spear-
man for non- normal distribution of the 
features) was also calculated. The scale 
according to Stanisz (1998) was used to 
apply the strength of the correlation:

0 < r < 0.1  very weak correlation
0.1 ≤ r < 0.3 weak correlation
0.3 ≤ r < 0.5  average correlation
0.5 ≤ r < 0.7  high correlation
0.7 ≤ r < 0.9  very height correlation
0.9 ≤ r < 1  almost complete correlation.
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Table 1. Measurements taken in the study sample

Martin’s et al. 
(1988) measure-
ment number

Measurements Description of measurements
Figure  

1- measure-
ment number

65 kdl-kdl intercondylar breadth 1–1
65(1) kr-kr distance between coronoid processes 2–2
66 go-go gonion- gonion distance 3–3
68 gn-go gnathion- gonion distance 4–3
69 id-gn infradentale- gnathion distance 4–5
69(2) CHM2 mandibular corpus height below second molar 13
70 go-cm mandibular ramus height gonion- caput mandibulae
70(3) MID mandibular incisura depth 8
79 MA mandibular angle 7

kdl-kr distance between condylar and coronoid processes 1–2
pg- gn pogonion- gnathion distance 6–4
id- pg infradentale- pogonion distance 5–6
pg- ml pogonion- formane mentale distance 6–9
MinCH minimal corpus height 10
MaxCH maximal corpus height 11
MinMB minimal mandibular breadth
MaxMB maximal mandibular breadth
FMeB mental foramen breadth 9
FMaB mandibular foramen breadth 12
mb- ml mandibular foramen and mental foramen distance 

(mandibular canal length)

Fig. 1. Measurements taken in the study sample 
(numbers described in Table 1) (www.legacy.
owensboro.kctcs.edu)

Sexual dimorphism was calculated 
using the formula, where: 

SexDim = [(X̅m– X̅f) : X̅f] × 100%, 

X̅m – male mean, X̅f – female mean.

The significance level was taken at p<0.05 
(Stanisz 1998; Field 2006).

Results

For the Sypniewo and Gródek upon the 
Bug River samples, for unpaired fea-
tures, significant differences between 
those two investigated populations were 
found for 8 features. For the population 
from the Gródek upon Bug River all fea-
tures had higher values than those in 
the Sypniewo population (except for id-
pg, go-cm, and MA, although not signif-
icant) (Tab. 2). 
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Table 2. Differences between two analysed populations (bilateral features were averaged)

 Features
Sypniewo Gródek upon the Bug

Test Z Test t Df p
X̅ SD N X̅ SD N

go-go 95.8 7.1 38 100.5 7.4 41 2.68  
 

 
 

p3=0.001*
pg-gn 14.0 1.8 73 15.7 2.1 91 5.37 p3<0.001*
id-gn 24.0 3.5 68 25.3 3.3 87   2.4 153 p1<0.001*
id-pg 9.9 2.8 68 9.9 2.4 87 3.36  

 
 

 
 
 
 
 
 
 

p3= 0.920

kdl-kdl 117.7 5.2 29 119.7 6.3 49 4.66 p3=0.110

kr-kr 95.3 6.0 51 97.9 9.9 64 3.81 p3<0.001*
gn-go 79.1 4.5 55 81.7 7.0 86  

 
 
 

3.04 p2=0.002*
pg-FMeB 23.9 2.6 74 24.4 4.0 92 0.38 p2=0.703

CHM2 21.4 3.2 57 22.0 4.0 89 0.64 p2=0.526

MINMH 18.2 4.5 57 19.9 5.1 91 1.06 p2=0.289

MAXMH 22.3 5.5 57 24.4 5.9 91 1.04 p2=0.263

kdl-kr 42.2 4.0 57 43.0 4.6 87 1.05 p2=0.292

MID 12.1 1.4 55 12.5 1.9 84 2.37 p2=0.018*
MA 138.2 5.6 50 135.3 6.8 86 1.9 p2=0.058

MinMB 11.1 1.4 75 12.0 1.5 94 1.28 p2=0.202

MaxMB 14.6 1.6 75 15.4 1.6 94 2.38 p2=0.017*
mb-ml 56.7 3.8 73 59.0 4.0 88 1.55 p2=0.120

FMeB 3.4 1.2 75 3.9 0.9 94 2.42 p2=0.016*
FMaB 2.7 0.6 74 3.5 1.7 92 0.05 p2=0.960

go-cm 60.2 6.6 49 59.2 9.9 77 0.14 p2=0.889
 p2- Wilcoxon’s test, p3- U-Manna Whitney’s test

After controlling for sex, even more 
features were found to differ significantly. 
Sexual dimorphism for Sypniewo popula-
tion was 7.0% and for Gródek upon the 
Bug River 7.5%. Descriptive statistics are 
presented in Tables 3 and 4 for Sypniewo 
and Gródek located along the Bug Riv-
er respectively. Right and left side mea-
surements were higher for males in both 
populations (except for FMaB in the Syp-
niewo sample) (Tab. 3 and 4). Compari-
sons of bilateral features has revealed sig-
nificant differences in both sexes for few 
features, but only in the population from 
the Gródek upon the Bug River (Tab. 5). 
In contrast, in the Sypniewo sample, 
no significant differences between sides 
were observed.

When mandibular features were com-
pared, a high correlation was also found 
between mandibular canal length (mb-
ml) and mandibular foramen breath 
(FMaB) for males in population from 
Gródek upon the Bug River and Syp-
niewo. High correlation was also found 
between mandibular foramen breath 
(FMaB) and mental foramen breadth in 
males from the Sypniewo. A  weak cor-
relation was found between FMaB and 
FMeB for males from the Gródek upon 
the Bug River and for females from both 
populations for mental canal length and 
FMaB. No statistically significant corre-
lation was found between mandibular ca-
nal length and FMeB in both populations 
(Tab. 6).
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Table 3. Descriptive statistics for male and female skulls in the Sypniewo population [in mm]

Features Body 
side

FEMALES MALES
Test 
Z**

Test 
C* df p

X̅ SD N Ranges 
min-max  X̅ SD N Ranges 

min-max

go-go 94.1 7.4 22 85-114 98.2 6.3 16 90-107

pg-gn 13.4 1.5 50 11-17 15.3 1.7 23 11-18 4.09     <0.01

id-gn 23.1 2.9 46 16-29 26.1 3.9 22 19-34   3.53 66 <0.01

id-pg 9.4 2.5 46 4-16 10.7 3.2 22 5-17        

kdl-kdl 115.2 3.8 18 110-125 121.9 4.7 11 112-129 3.12     <0.01

kr-kr 94.1 5.6 35 82-105 97.9 6.3 16 85-106   2.14 49 0.037

gn-go right 77.5 3.7 30 70-86 80.9 4.2 21 74-89 2.99   49 <0.01

gn-go left 78.0 4.3 24 70-86 80.9 5.5 19 72-90 2.00     0.045

pg-FMeB right 23.6 1.8 49 19-29 25.3 1.5 24 23-29 3.73     <0.01

pg-FMeB left 23.9 1.7 49 19-27 25.1 1.3 24 22-28 2.74     0.06

CHM2 right 20.7 3.1 37 15-26 23.0 3.6 19 16-31 2.41     0.016

CHM2 left 20.5 3.0 36 16-29 22.6 3.4 15 16-28        

MinMH right 19.5 2.8 37 12-24 21.7 3.4 18 17-29 2.12     0.034

MinMH left 19.1 2.1 36 15-24 21.8 2.6 12 17-25        

MaxMH right 23.8 2.5 37 17-29 27.3 3.7 18 22-34 3.30     <0.001

MaxMH left 23.9 2.8 36 19-31 26.4 4.1 12 20-34        <0.001

kdl-kr right 41.2 3.3 29 35-48 43.2 4.7 16 36-50        

kdl-kr left 41.7 3.7 28 34-49 43.5 4.4 14 37-50        

MID right 12.0 1.4 26 10-15 12.8 1.5 15 10-15        

MID left 11.9 1.2 27 10-14 12.4 1.8 14 9-15        

MA right 138.0 5.2 23 129-147 138.6 6.5 18 130-152        

MA left 138.2 5.0 18 130-147 138.4 6.9 14 128-153        

Min MB right 10.8 1.4 49 8-14 11.9 1.4 25 10-14 2.71     0.007

MinMB left 10.7 1.1 49 8-14 11.8 1.8 24 9-16       <0.001

MaxMB right 14.4 1.8 49 10-17 14.7 1.5 25 11-18 2.73     0.006

MaxMB left 14.5 1.7 49 10-18 15.1 1.6 24 12-19   5.69 68 0.001

Mb-ml right 55.0 2.5 48 50-61 59.4 3.8 22 51-66   5.03 62 <0.001

Mb-ml left 55.4 2.8 43 46-61 59.8 4.1 21 52-67       <0.001

FMeB right 3.4 1.3 50 1-6 3.6 1.4 24 2-7        

FMeB left 3.3 1.3 49 1-7 3.2 1.3 25 1-21        

FMaB right 2.7 0.6 48 2-4 2.9 0.9 23 2-5        

FMaB left 2.8 0.5 45 2-4 2.7 0.8 21 1-4        

go-cm right 59.0 3.6 22 52-67 64.7 4.4 17 59-73   4.52 37 <0.001

go-cm left 57.8 3.8 18 50-65 64.1 4.8 14 58-73   4.18 30 <0.001

*Test C- Cochran- Cox’ adjustment; **Test z- U Mann- Whitney test
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Table 4. Descriptive statistics for male and female skulls in the Gródek upon the Bug River population [in mm]

Features Body 
side

FEMALES MALES
Test 
Z**

Test 
C* df p

X̅ SD N Ranges 
min-max X̅ SD N Ranges 

min-max

go-go 98.2 5.5 15 90-106 101.9 8.2 26 84-115      

pg-gn   15.1 1.8 33 11-18 16.1 2.2 58 11-22   2.29 89 0.024

id-gn   23.8 2.4 31 19-29 26.2 3.4 56 17-32   3.48 85 0.001

id-pg   8.8 2.3 31 5-14 10.5 2.3 56 5-17 3.10     0.002

kdl-kdl   116.3 4.3 21 106-126 122.3 6.5 28 106-133   3.66 47 0.001

kr-kr 94.7 13.3 26 34-108 100.1 6.0 38 85-111 2.15     0.032

gn-go right 82.1 6.4 17 73-93 83.4 6.5 40 74-100 2.00     0.045

gn-go left 79.8 6.0 28 73-99 82.5 5.8 40 71-96      

pg-FMeB right 25.1 2.0 31 22-28 25.5 2.2 57 21-30      

pg-FMeB left 25.3 1.9 32 21-29 25.6 2.2 57 23-31      

CHM2 right 21.3 2.8 29 15-27 22.9 3.3 51 15-29   2.42 82 0.018

CHM2 left 21.5 2.4 32 16-26 23.1 3.2 52 17-30      

MinMH right 20.9 2.3 28 17-27 22.6 3.3 52 12-31   2.46 78 0.016

MinMH left 21.6 2.1 31 18-26 22.1 3.0 54 12-27      

MaxMH right 25.5 2.3 29 22-32 27.9 3.0 52 21-33 3.66     <0.001

MaxMH left 25.7 2.5 30 22-33 27.3 2.8 54 22-33 2.51     0.012

kdl-kr right 40.9 3.7 27 32-47 44.2 3.8 46 36-52 3.43     <0.001

kdl-kr left 41.4 3.9 27 33-48 44.7 3.4 44 36-50 3.30     <0.001

MID right 12.0 1.4 24 10-15 12.8 2.2 45 9-18      

MID left 11.7 1.6 28 9-15 13.3 2.2 38 9-20 3.02     0.003

MA right 137.5 6.5 17 126-150 134.0 8.0 40 106-145      

MA left 136.5 7.2 29 123-150 135.5 7.0 39 119-151      

Min MB right 11.2 1.1 33 9-14 12.6 1.5 58 9-16 4.41     0.003

MinMB left 11.2 1.3 32 9-14 12.4 1.6 59 9-16 3.26     0.001

MaxMB right 14.7 1.2 33 12-17 15.6 1.8 58 12-20 2.09     0.036

MaxMB left 15.1 1.2 32 13-17 15.9 1.7 59 12-21 2.57     <0.010

Mb-ml right 56.6 3.9 30 48-63 60.0 4.1 52 52-68 3.09     <0.001

Mb-ml left 57.6 4.1 30 50-66 60.2 4.3 50 47-69   2.68 78 <0.001

FMeB right 3.7 0.8 32 2-6 4.0 1.0 59 2-6      

FMeB left 3.7 1.0 33 2-6 3.8 1.0 58 2-6      

FMaB right 3.1 0.9 31 2-5 4.0 3.9 52 2-31      

FMaB left 3.0 0.8 30 2-5 3.6 0.9 50 2-6 2.43     0.015

go-cm right 59.3 3.3 16 52-63 64.5 6.4 34 48-87 2.94     <0.001

go-cm left 59.8 4.4 25 50-66 63.9 4.7 34 54-74   3.36 57 0.001

*Test C- Cochran- Cox’ test; **Test z- U Mann- Whitney test
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Table 5. Bilateral features in males and females (those with significant differences only in population from 
the Gródek upon the Bug River 

Features Right side X̅ SD N Left side X̅ N Test t Df p

MALES

gn-go 83.4 6.5 40 85.2 5.8 40 2.48 0.0131

MaxMH 27.8 2.9 52 27.3 2.8 54 2.00 0.0461

MID 12.8 2.2 45 13.3 2.2 38 2.63 29 0.0132

FMeB 4.0 1.0 59 3.8 1.0 58 1.97 87 0.0262

FEMALES

gn-go 82.1 6.4 17 79.8 6.0 28 2.22 25 0.0261

MinMH 20.9 2.3 28 21.6 2.1 31 2.17 25 0.0402

MA 137.5 6.5 17 136.5 7.2 29 2.13 25 0.0301

go-cm 61.4 4.2 16 62.2 4.2 25 2.09 25 0.0371

1- Wilcoxon’ test; 2- Student t-test

Table 6. Spearman’s and Person’s correlation coefficients for mandibular features in populations from Syp-
niewo and Gródek upon the Bug River

Cecha
MALES FEMALES

mb-ml FMeB mb-ml FMeB

GRÓDEK UPPON BUG RIVER

mb-ml      __ rs=0,01          __ rs=0,21

FMaB rs=0,57* r=0,32* rs=0,36* r=0,23

SYPNIEWO

mb-ml      ___ rs=0,21 ___ rs=-0,09

FMaB rs=0,50* rs=0,55* rs=0,37* rs=0,24

rs- Spearman’s correlation coefficient; r- Pearson’s correlation coefficient; * p≤0,05

For male individuals from the Grodek 
upon the Bug River population statisti-
cally significant weak or moderate cor-
relation was observed between mb-ml 
measurement and: go-go, pg-gn, id-gn, 
gn-go, MinMB, MaxMB and MID and for 
FMaB with kdl-kr and MA as well. In 
addition, a high correlation (0.6) was ob-
served between FMaB and go-go (Tab. 6). 
For females, statistically significant and 
moderate correlation was found between 

mb-ml and MAxMB as well as between 
mb-bl and pg-FMaB and between FMaB 
and go-gndl-kr, MinMB and go-cm. High 
correlation (0.5) was fount between FMaB 
and MA measurements (Tab. 7 and 8). For 
males from a population from Sypniewo 
average correlation was found between 
mb-bl and kdl-kr. High correlation was 
also found between mb-bl and MID. For 
females, mb-ml was moderately correlat-
ed with gn-go and CHM2 (Tab. 7 and 8).
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Table 7. Spearman’s and Person’s correlation coefficients for unpaired mandibular features in populations 
from Sypniewo and Gródek upon the Bug River

Feature go-go pg-gn id-gn id-pg kdl-kdl kr-kr

G
R

O
D

EK
 U

PO
N

 B
U

G

MALES

mb-ml rs=0.19* rs=0.41* rs=0.30* r=0.02 r=0.17 r=0.07

FMaB rs=0.06 rs =-0.03 rs =0.01 rs =0.01 rs =0.05 rs =-0.11

FMeB r=0.6* r=0.11 r=0.22 rs =-0.01 r=0.43 rs =0.16

FEMALES

mb-ml rs=0.23 rs=-0.16 rs=-0.26 rs=0.04 rs=-0.26 rs=0.27

FMaB r=0.08 r=0.01 r=-0.36 r=-0.14 r=0.35 rs=0.29

FMeB r=0.16 r=0.27 r=0.41 rs=0.18 r=0.45 rs=0.24

SY
PN

IE
W

O

MALES

mb-ml rs=0.08 rs=-0.16 rs=0.02 rs=0.001 rs=-0.24 rs=-0.18

FMaB r=0.39 rs=-0.10 r=-0.26 r=-0.29 r=0.36 r=-0.04

FMeB rs=0.3 rs=-0.02 rs=-0.25 rs=-0.23 rs=0.33 rs=0.38

FEMALES

mb-ml rs=0.31 rs=0.19 rs=-0.13 rs=-0.11 rs=-0.03 rs=0.07

FMaB rs=-0.12 rs=0.11 rs=-0.22 rs=-0.20 rs=-0.28 rs=0.09

FMeB rs=-0.04 rs=0.02 r=-0.08 r=-0.17 rs=0.30 rs=0.20
rs- Spearmana correlation coefficient; r- Pearsona correlation coefficient; * p≤0,05

Table 8. Spearman’s and Person’s correlation coefficients for paired mandibular features in populations 
from Sypniewo and Gródek upon the Bug River

Feature gn-go pg-
FMaB CHM2 MinCH MaxCH kdl-kr MID MA MinMB MaxMB go-cm

G
R

O
D

EK
 U

PO
N

 B
U

G

MALES

mb-ml rs=0.37* rs =0.21 rs =0.02 rs =0.03 rs =0.11 rs =0.58* rs =0.37* rs =0.18 rs =0.48* rs =0.48* rs =0.23

FMaB rs =0.27 rs =-0.01 rs =0.01 rs =-0.02 rs =0.03 rs =0.47* rs =0.22 rs =0.28* rs =0.16 rs =0.21 rs =0.23

FMeB rs =0.17 rs =0.18 rs =-0.01 rs =0.17 rs =0.22 rs =-0.03 rs =0.33 rs =0.23 rs =-0.07 rs =-0.001 rs =0.07

FEMALES

mb-ml rs=-0.14 rs=0.45* rs=0.24 rs=0.22 rs=0.25 rs=0.18 rs=0.10 rs=-0.01 rs=0.28 rs=0.36* rs=-0.01

FMaB rs=0.35* rs=0.34 rs=0.12 rs=0.31 rs=0.32 rs=0.36* rs=0.33 rs=0.50* rs=0.45* rs=0.12 rs=0.47*

FMeB rs=0.06 rs=0.28 rs=0.21 rs=0.20 rs=0.30 rs=0.10 rs=0.18 rs=0.06 rs=0.18 rs=0.04 rs=0.10

SY
PN

IE
W

O

MALES

mb-ml rs=0.24 rs=-0.21 rs=0.32 rs=0.17 rs=0.08 rs=0.46* rs=0.53* rs=0.24 rs=0.21 rs=0.25 rs=0.35

FMaB rs=0.33 r=-0.45 r=0.13 r=-0.20 r=-0.20 rs=0.17 r=0.02 rs=0.48* r=-0.46 rs=-0.15 rs=0.22

FMeB rs=0.01 rs=-0.25 rs=-0.26 rs=-0.32 rs=-0.33 rs=-0.17 rs=0.13 rs=0.004 rs=0.10 rs=-0.02 rs=-0.12

FEMALES

mb-ml rs=0.41* rs=-0.02 rs=0.34* rs=0.21 rs=0.16 rs=0.24 rs=0.06 rs=0.11 rs=0.15 rs=0.11 rs=0.35

FMaB rs=0.22 rs=-0.26 rs=0.28 rs=0.15 rs=0.17 rs=0.13 rs=-0.004 rs=-0.11 rs=-0.07 rs=0.16 rs=0.16

FMeB rs=-0.13 rs=-0.14 rs=-0.07 rs=-0.15 rs=-0.10 rs=-0.10 rs=0.04 rs=-0.45* rs=-0.13 rs=0.08 rs=-0.27
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Discussion

Occurrence of the mental foramen is rel-
atively constant, however, the location 
is variable. Thus, each individual may 
exhibit a  different arrangement of the 
neurovascular bundle exit. The position 
and the direction of the exit of the neu-
rovascular bundle were similar to other 
European populations (Tab. 9, 10). How-
ever, differences in localization between 
the two investigated populations were 
observed. Thus, it could suggest that 
not only genetic but also environmental 
(geographical) factors, such as living con-
ditions (e.g., diet, which may affect de-
velopmental stability), may influence the 
morphology of the mandibular features. 

The literature review revealed a broad 
variety of features characterized by the 
human mandible (Tab. 9) which may re-
sult from both different environmental 
conditions (e.g., different food accessibil-
ity) as well as nutrition culture. In poor-
er populations, for instance, a scarcity of 
food may result in the incorrect realiza-
tion of the bone growth path. Moreover, 
nutrition culture, such as consistency 
and type of food, may result in differenc-
es in chewing intensity and, therefore, 
different sizes of the mandible (Raad-
sheer et al. 1999; Golusik et al. 2005). 
A secular trend observed in populations 
from different time ranges is also an im-
portant factor influencing the mandible’s 
features.

Table 9. Comparison of studies concerning the morphometry of the mandibular features according to sexes 
[in mm]

Author, 
year of pub-

lication
N Population,  

time ranges Sex
Features (mean± SD)

go-go id-gn gn-go kdl-kdl MA go-cm

This study, 
2020

50

25 Poland (Sypnie-
wo), XI-XIIth

Female
Male

94.1±7.4
98.2±6.3

23.1±2.9
26.1±3.9

77.6±3.8
81.2±4.7

115.2±3.8
121.9±4.7

138.2±5.3
138.5±6.1

58.2±3.7
64.6±4.3

75 TOTAL 95.8±7.1 24.0±3.5 79.1V4.5 117.7±5.2

This study, 
2020

34

60
Poland (Gródek 
upon Bug), 
XIII-XVIth

Female
Male

98.2±5.5
101.9±8.2

23.8±2.4
26.2±3.4

80.7±6.4
82.2±7.4

116.3±4.3
122.3±6.5

136.2±6.8
134.8±6.8

59.6±4.0
64.6±6.0

94 TOTAL 100.5±7.4 25.3±3.3 81.7±7.0 119.7±6.3

Mays, 2014

15

17
Nederland, 
XIXth

Female
Male

91.1±7.5
99.9±6.8

69.7±.3.3
76.3±7.6

113.1±6.3
116.9±6.9

134.0±8.3
126.9±8.7

15

17
England, 
X-XIXth

Female
Male

96.2±7.1
105.1±7.1

70.5±6.1
76.2±4.7

116.7±7.7
124.2±5.7

126.4±6.4
122.6±9.0

Purmal  
et al., 2013

46

44 Malaisia, XXth

Female
Male

103.9±5.4
106.7±7.8

34 TOTAL 105.2±6.7

China, XXth Female
Male

105.3±6.5
108.2±7.5

30 TOTAL 106.7±7.1

India, XXth Female
Male

98.7±8.4
111.1±10.0

26 TOTAL 104.9±11.0

Simalcsik 
et al., 2012

299

259
Romania,  
XVI-XVIIIth

Female
Male

94.1±7.3
104.8±9.0

28.6±3.0
32.4±3.0

66.1±5.1
69.1±4.8

112.8±7.2
123.9±8.4

60.2±4.8
64.9±5.0

Ongkana  
et al., 2009

102 Thailand, XXth Female
Male

28.2±6.5
28.3±6.1

79.2±4.6
83.2±5.2

116.1±5.9
123.8±6.3

62.6±5.6
68.1±4.4
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Author, 
year of pub-

lication
N Population,  

time ranges Sex
Features (mean± SD)

go-go id-gn gn-go kdl-kdl MA go-cm

Golusik  
et al. 2005

16

69 Poland (Złota), 
II-IIIth BC

Female
Male

94.1±4.6
99.9±8.4

30.4±5.0
34.1±3.1

80.0±3.8
84.6±4.5

113.9±5.6
118.2±6.9

85 TOTAL 97.00 32.0 82.5 116.0
24

22 Poland (Milicz), 
XII-XIIIth

Female
Male

93.4±4.9
100.3±7.5

30.9±2.2
31.8±3.3

83.4±5.1
86.1±7.0

112.8±8.3
118.5±7.7

47 TOTAL 97.0 31.5 84.5 115.5
104

160
Poland (Gródek 
upon Bug), 
XIII-XVIIth

Female
Male

94.6±6.4
101.5±7.3

27.0±2.7
30.3±3.0

77.0±4.8
81.2±4.8

116.2±6.0
121.7±7.1

264 TOTAL 98.0 28.5 79.0 119.0
28

70
Poland (War-
saw), 
XXth

Female
Male

94.6±6.6
98.0±7.7

27.5±3.2
30.3±3.4

77.0±4.3
83.0±5.0

110.1±6.6
116.3±6.1

98 TOTAL 96.5 29.0 80.0 114.0

Fabian and 
Mpembeni, 
2002

25

25
Tanzania Ban-
tu, ??

Female
Male

77.0±3.9
80.6±3.8

Puisorua  
et al., 2006

91
Europe, Near 
East, Asia, 
Africa, ??

Female
Male

91.0±3.61

114.1±38.91

Female
Male

89.0±1.82

110.0±3.62

Female
Male

95.0±1.673

119.0±29.93

Zimbabwe, ?? Female
Male

91.0±3.6
114.0±38.9

128.0
123.0

Nigeria, ??
Female
Male

TOTAL 118.8

Turkey, ??
Female
Male

TOTAL 120.2

USA, ?? Female
Male

126.5
127.8

Spain, ??
Female
Male

TOTAL 118.1

China, ??
Female
Male

TOTAL 121.2

Romania, ?? Female
Male

125.0±1.2
119.0±1.1

Legend: ??- data unavailable, 1- full dentition; 2- uncomplete dentition; 3- no dentition

In this study, differences between sex-
es were found in both analyzed popula-
tions. However, for the population from 
Sypniewo (which is considered as rural 
population), we found fewer features that 
exhibited significant sex differences. When 
the sex of the individuals was controlled for 
the population from Gródek upon the Bug 
River, sexual dimorphism was observed in 

even more features and was slightly high-
er (7.5%) (Tab. 3 and 4). When sexual di-
morphism was lower, living conditions, 
and thus, socioeconomic status of the 
population, are considered worse. Sexual 
dimorphism of the human body is well 
established. It may be the result of the en-
vironmental factors and lifestyle; sexual di-
morphism may also be the result of genetic 
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factors (Galdames et al. 2008; Mays 2014). 
Moreover, disorders of the endocrine sys-
tem may also result in sex differences in 
the morphology of the human mandible 
(Piontek 1999) and greater masticatory 
forces may result in sexual dimorphism 
of the mandible. In general, there is less 
sexual dimorphism in body size in popu-
lations with poorer socio-economic status 
and living in unfavorable environmental 

conditions (Wells 2012; Tomaszewska et 
al. 2015). This conclusion may be also 
related to diet and eating habits. Our re-
sults support previous studies, which con-
tend that worse environmental conditions 
may influence cranial morphology and, 
ultimately, disrupt an individual’s skeletal 
development (Gilligan and Bulbeck 2007; 
Harvati and Weaver 2006; Pearson 2000; 
Perez et al. 2007; Wells 2012). 

Table 10. Comparison of studies concerning the morphometry of the mandibular features according to body 
side [in mm]

Author, year of 
publication N Population, time 

ranges
Body 
side

Feature

go-cm MA FMeB FMaB Mb-ml
This study, 
2020

75 Poland (Sypnie-
wo), XI-XIITh

Right
Left

61.5±4.9
60.6±5.2

138.3±5.7
138.3±5.8

3.5±1.3
3.3±1.3

2.7±0.7
2.6±0.8

56.4±3.6
56.8±3.9

This study, 
2020

94 Poland (Gródek 
upon Bug),  
XIII-XVIth

Right
Left

62.8±6.1
62.1±5.0

135.0±7.7
135.9±7.1

3.9±0.9
3.8±1.0

3.7±3.1
3.4±0.9

58.8±4.3
59.2±4.4

Shenoy et al., 
2012

50 India, ?? Right
Left

124.4±6.0
124.1±6.2

Ennes and 
Monteiro de 
Medeiros, 
2009

99 Brazil, ?? Right
Left

131.8±8.51

131.2±8.21

Right
Left

125.6±7.82

125.7±9.22

Right
Left

126.5±7.83

125.7±9.23

Prośba-Mackie-
wicz et al., 2005

40 Poland, ?? Right
Left

64.0±4.84

63.5±4.84

Oguz and Boz-
kir, 20027

34 Turkey, ?? Right
Left

65.6±5.0
64.6±4.2

120.2±4.7
120.2±3.6

Rai et al., 2014 40 India, ?? Right
Left

2.6±0.9
2.6±0.9

Hoque et al., 
2013

185 Bangladesh, ?? Right
Left

2.6±0.7
2.5±0.5

Agarwal and 
Gupta, 2011

100 India, ?? Right
Left

3.3
3.3

Junior et al., 
2010

50 Brasil, XXth Right
Left

52.8
51.6

Singh and Sri-
vastar, 2010

100 Turkey, ?? Right
Left

2.8
2.6

Ilayperuma et 
al., 2009

51 Sri Lanka, ?? Right
Left

3.3±0.9
3.4±0.8

Oliveira Junior 
et al., 2009

80 Brasil, ?? Right
Left

2.4±0.6
2.4±0.6

Wychowański 
et al., 2008.

100 contemporary Right
Left

3.7±1.0
3.8±1.0

3.2±0.6
3.4±0.6

Right
Left

3.3±0.7
3.8±1.1

3.5±0.5
3.3±0.4
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Author, year of 
publication N Population, time 

ranges
Body 
side

Feature
go-cm MA FMeB FMaB Mb-ml

Igbigbi and 
Lebona, 2005

70 Malawi-  
??

Right
Left

2.4±0.2
2.7±0.2

Prośba-Mack-
iewicz et al., 
2005

40 ?? Right
Left

2.7±1.01

2.8±1.01
3.9±0.91

4.0±0.91

Right
Left

2.9±1.14

2.8±1.04
4.1±1.82

4.2±1.72

Goudot, 2002 1 France* - pale-
olith

Right
Left

4.5
4.5

Goudot, 1999 1 France*- 60000- 
45000 

Right
Left

6.0
6.0

5.0
5.0

Phillips et al., 
1992

75 ?? Right+ 
Left 2.9

Legend: 1 – no dentition; 2 mandibles with 1 to 10 teeth; 3 mandibles with 11 to 16 teeth; 4 partial lack of 
dentition; * Neanderthal’s mandible.

Foraminal area of the mandible is 
considered as an important region rele-
vant to anatomy, surgery, anthropology 
and forensic medicine. The position of 
the mental and mandibular foramina has 
been reported to vary in populations from 
different geographical regions. Currently, 
to our knowledge, there have not been 
any investigations concerning the posi-
tion and morphology of these foramina 
in populations with divergent socio-eco-
nomic statuses (SES). The SES may influ-
ence lifestyle and some behavioral habits 
regarding food consumption, consumed 
food type as well as breastfeeding. De-
velopmental stability may also influence 
dental eruption, and this may possibly 
influence the position of the mental fo-
ramen. Positional change of mental fora-
men is a combination of osseous growth 
in the region combined with a mesial drift 
of the dental anlage. Williams and Krovitz 
(2004) stated that the mental foramen 
migrates posteriorly during ontogeny and 
found that the mental foramen forms pre-
natally under the anticipated anterior root 
of the developing first deciduous molar. 
Williams and Krovitz (2004) also asserted 
that this position is maintained at birth 
and remains mostly stable during the de-
ciduous eruption. During the eruption of 

the second molar, the mental foramen 
generally migrates to a  position inferi-
or to the second premolar (Hasan 2012; 
Narayana and Prashanthi 2003).

Possible limitations of this study may 
result from the anatomical variation in 
the mandibular area especially given that 
we did not analyze additional/ accessory 
mandibular and mental foramina in order 
to show only variation in mental/mandib-
ular foramina and mandibular canal. If 
a  large accessory mental foramen exists, 
that could make a regular mental foramen 
smaller than the foramen on contralateral 
side (if the contralateral side does not have 
the accessory mental foramen) (Iwanga et 
al. 2016). We are also aware that in cone- 
beam computed tomography different as-
pects of mandibular canal may occur (i.e. 
bifid or trifid mandibular canal (Naitoh et 
al. 2007). Bifid mandibular canal exhibits 
a variety of incidence, ranging from 0,08 to 
65% (Mizbah et al. 2012; Miličević et al. 
2021), which may not be seen in panoram-
ic or periapical films (Dario 2002). Its oc-
currence depends on the assessment meth-
od (cone-beam computed tomography or 
panoramic radiographs) but for anthro-
pological and archaeological field works 
purposes only macroscopic assessment is 
useable. Hence, this research is based on 
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macroscopic observations and dedicated for 
field works/ excavations macroscopic ex-
aminations, where sophisticated methods 
are not possible to conduct. As such, this 
study aimed to facilitate conclusions based 
on macroscopic observations although for 
clinical studies this method could not be 
sufficient. Nevertheless, the results of our 
study should be considered when sudden 
and unplanned interventions in this region 
are conducted.

Conclusion

The results derived from different studies 
(please see Tab. 9 and 10 for details) may 
be flawed due to the application of differ-
ent methods (Hasan 2012). In addition, 
the observed differences between right 
and left sides of the mandible may result 
from chewing habits (unilateral) (Sój-
ka, Hędzelek 2011). Literature reviews 
revealed that although studies on the 
morphology and morphometry of men-
tal and mandible foramina are common, 
research specifically focused on the dis-
tances between these foramina and mor-
phology of the mandible canal are rather 
rare (Tab. 10). In this study we argue that 
such (methodological) differences should 
be considered when approaching to the 
mandibular canal during anesthetic, sur-
gical and forensic procedures. 
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AbstrAct: Objective: This study examined whether there were significant changes (expectedly increase) in 
BMI (Body Mass Index), and relative subcutaneous body fat during the four years of study in a university 
and compared these changes between the students of different courses, viz., Computer science, Law and 
administration, Humanities and Physical education.
Design: This was a  prospective follow up study with measurements at two time points with gap of 
four years. Body mass index, Triceps, subscapular, mid-axillary, abdominal, supra-illiac and medial-calf 
skinfold thicknesses were measured at two points of time, just after entrance to university and again after 
completion of four years. Student’s T-test, one-way ANOVA, and repeated measures ANNOVA (two-way) 
were employed to assess significance of differences in anthropometric measures between groups of students. 
Setting: The study was conducted at the University of Rzeszów, Poland.
Participants: 191 young men university students aged approximately 19.5 years and 24.0 years, at the 
beginning and after four years, respectively, during this study. 
Results: Students of all courses underwent increments in BMI, absolute- and relative skinfold thicknesses, 
except that the students of physical education course did not show change in skinfold thicknesses relative 
to BMI. 
Conclusions: It has been concluded that the change in the adiposity profile during the years of study at 
university varied according to the course types. Further, detailed studies on the nature and cause of such 
variation occurring between course types may lead to better understanding etiology of overweight and 
obesity before entering to adult life. 
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Introduction

Currently, obesity is unequivocally 
considered as a  major global  health 
challenge. It is not only a  definite risk 
factor for a  large number of chronic 
diseases but also obesity is currently 
regarded as a  disease itself. According 
to the 2015 estimate, high body mass 
index contributed to about four mil-
lion deaths globally representing 7.1% 
of the all cause deaths (Kushner and 
Kahan 2018). According to the recent 
statistics of The World Health Organi-
sation, more than 1.9 billion adults, 18 
years and older, were overweight while 
over 650 million were obese in 2016 
(WHO 2016). The nationwide European 
Health Interview Survey (EHIS) survey 
in 2014 indicated that in Poland over 
62% of men and nearly 46% of women 
were overweight (Augustynowicz et al. 
2019). The occurrence of obesity and 
overweight is indicated by an increase 
in body mass index (BMI), body fat per-
cent, waist circumference etc. Although 
genetic predispositions have been sug-
gested to contribute to both obesity and 
overweight, human behaviour and life-
style factors, such as physical activity 
(Must and Tybor 2005), and/or dietary 
habits (Vadiveloo et al. 2015) have also 
been found to influence its clinical man-
ifestation (Yang et al. 2020).

The behaviour patterns of individuals 
are determined within specific cultural 
context while diverse choices and actions 
which, in turn, form a  relatively stable 
trajectory over the life course of an indi-
vidual (Wethington 2005). Human life 
has different transitional points at which 
this trajectory could be perturbed when 
the individuals try to build up certain 
strategies to adapt with the changing 
situations. Such transitions might occur 

during shifting educational levels and are 
generally accompanied with changes in 
structure and composition of peer group, 
altered work schedules and leisure-time 
activities, and finally, a cumulative effect 
of all these changes leads to alterations 
in health behaviors (Wethington 2005). 
Such transitions take place among young 
adults when they enter college after high 
school education. This involves several 
behavioral adaptations that have evolved 
to cope with the new conditions of life 
(Cluskey and Grobe 2009) and the in-
dividuals commence to adopt lifestyle 
and habitual behaviours that are likely 
to sustain through adulthood (Morseth 
et al. 2011; Gunes et al. 2012). It has 
been suggested that these lifestyle habits 
might lead to weight and fat gain contrib-
uting to a long-term negative health con-
sequences (Johnson and Annesim 2018; 
Sun et al. 2019).

It is well documented that the transi-
tion from high school to college/univer-
sity is a  critical period for weight gain, 
a phenomenon that is popularly known 
‘Freshmen 15’ (Anderson et al. 2003; 
Butler et al. 2004; Levitsky et al. 2004; 
Hoffman et al. 2006; Morrow 2006; De-
linsky and Wilson 2008; Economos et al. 
2008; Pliner and Saunders 2008; Rac-
ette et al. 2008), although a few suggest-
ed that such a concept of college weight 
gain was a paradigm based more on myth 
than scientific facts (Hodge et al. 1993; 
Graham and Jones 2002). Nevertheless, 
a  number of studies have shown that 
late adolescence and early adulthood was 
indeed a critical time for a considerable 
weight gain (Papadaki et al. 2007; Vel-
la-Zarb and Elgar 2009; Takomana and 
Kalimbira 2012).

In one study, male students were 
found to have put on weight, on aver-
age, 3.0 kg along with increases in other 
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associated anthropometric dimensions 
(Pullman et al. 2009). In other studies, 
a weight gain, ranging from 1.3 to 3.3 kg, 
were reported among a large proportions 
of students during the early terms or first 
year at college (Anderson et al. 2003; But-
ler et al. 2004; Levitsky et al. 2004; Hoff-
man et al. 2006; Morrow 2006; Delinsky 
and Wilson 2008; Economos et al. 2008; 
Pliner and Saunders 2008). Yet another 
study reported that, following enrollment 
to college, more than 25% of students 
gained about 2.3 kg body weight within 
the first two months. Most of these stud-
ies found that weight gain was higher 
among males than females (Cluskey and 
Grobe 2009; Deforche et al. 2015). For 
instance, Deforche et al. (2015) reported 
that although students gained, on aver-
age, 2.7 kg of weight, a greater increase 
was observed in boys.

Although, college/university-student 
weight gain has been well-documented, 
hitherto, little is known regarding wheth-
er such changes in weight and other body 
dimensions, differ between different dis-
ciplines or study courses during the first 
months of transition to college/universi-
ty life. Moreover, although most of the 
previous studies have considered the gain 
in body weight as the indicator of shift 
towards overweight and obesity, only 
a  few took account of other measure-
ments, such as, waist circumference and 
skinfold thickness (Pullman et al. 2009). 
Therefore, the aim of the present study 
was to estimate the obesity indicators, 
such as BMI, waist circumference and 
skinfold thickness at the beginning and 
the end of the first semester in among 
the male students in a university in Po-
land. Specifically, the study objective was 
to investigate whether there were signifi-
cant changes (expected increase) in those 
measures during the four years of univer-

sity life. In addition, the other aim of this 
study was to compare such changes be-
tween the students of different courses, 
viz., Computer science, Law and admin-
istration, Humanities and physical edu-
cation, as well as to determine whether 
there was any effect of the type of study 
course on such changes.

Materials and Method

Study design and the participants
This study used a repeated measures de-
sign, undertaken at two points of time, 
at the beginning of course by a  batch 
of pupils and after four years of study 
at the University of Rzeszów, a  city in 
South-Eastern Poland with a population 
of 184,000. Study participants were 191 
young males aged approximately 19.5 
years and 24 years, at the beginning and 
after four years, respectively, within the 
time frame of this study. Participants 
were enrolled for this study from four 
different courses, viz., Computer science 
(N=22; 11.5%), Law and Administration 
(N=44; 23.1%), Humanities (N=61; 
31.9%) and Physical Education (N=64; 
33.5%), at the University of Rzeszów, Po-
land.

All study participants were healthy 
without any illness or infirmity symp-
toms reported during, or at least one 
month before the study commenced. 
No participants were physically chal-
lenged in any way. Informed consent 
was obtained from each participant be-
fore enrolment for the study. Necessary 
permissions from the concerned univer-
sity authority were also procured before 
commencement of the study. Ethical 
protocols of conducting study on human 
subjects were followed according to the 
Helsinki declaration guidelines (Good-
year et al. 2007). All the participants that 
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had entered the particular courses at the 
Rzeszów University in 2013 were includ-
ed in the study. After 4 years of study, 
the same students underwent repeated 
measure procedures using the same pro-
tocol and by the same person (G.B.).

Anthropometry
One of the authors (GB), being a trained 
anthropometrist, took a  battery of an-
thropometric measurements that in-
cluded a  total of 27 length, breadth, 
thickness and circumference measure-
ments. However, for the purpose of the 
present study, only height, weight and 
six skinfold thicknesses were includ-
ed in the analysis. Height and weight 
were measured following the stand-
ard protocol (Weiner and Lourie 1981) 
using standard anthropometer (GPS, 
Switzerland) and a standardised weight 
scale, respectively. Triceps, subscapular, 
mid-axillary, abdominal, supra-iliac and 
medial-calf skinfold thicknesses were 
measured by the Harpenden skinfold 
calliper on the left side of each partic-
ipant. The skinfold measurement gave 
an estimated amount of subcutaneous 
fat deposition. BMI was calculated us-
ing standard formula (body weight in kg/ 
height in meter, squared).

Since it was not known that how 
much change in BMI values should be 
attributed to changes in subcutaneous 
body fat, the ratio of the sum of skinfolds-
to-BMI was calculated as a standardised 
measure of body fatness. Higher values 
of the ratio indicated higher contribution 
of subcutaneous fat to BMI. For instance, 
in two persons with similar value of BMI, 
the ratio shows a  different proportion 
of subcutaneous fat to body mass. Also 
changes in ratios reflect a change in pro-
portions of subcutaneous fat and other 
component of body mass.

Statistics
Descriptive statistics of mean and 
standard deviation (SD) were calculated 
for all measurements. Student T-test for 
dependent samples was performed in 
order to assess differences between two 
successive measurements between four 
years. One way ANOVA was utilised 
to test the significance of differences in 
anthropometric measures between dif-
ferent study disciplines. Repeated meas-
ures ANOVA was used to test whether 
there is a significant difference in meas-
ures between the two time points at 
which measurements were taken. Post 
hoc comparisons were done based on 
Tukey HSD tests. All calculations were 
performed by using Statistica 13.1 soft-
ware. 

Results

The mean ages of the participants were 
19.7 (SD = 0.61) and 24.2 (SD = 0.61) 
years, at the beginning and after four 
years of studies, respectively. The means 
and SD values of BMI, sum of four skin-
fold (SSF) thickness and SSF-to-BMI ratio 
at the beginning (t1) and after 4 years at 
the university (t2) in each study course, 
separately, are described in Table  1. It 
also shows the differences between the 
mean values at two points of time (t2-t1) 
of measurement of students, for each 
course separately. In all student groups, 
BMI showed significant differences be-
tween two measurements in each group 
(for each group, p<0.01) and among 
groups at each time of measurements 
(at t1, F=8.57, p<0.001; at t2, F=15.03, 
p<0.001). However, the groups dif-
fered significantly between themselves 
in the mean amount of BMI differenc-
es occurred after four years of studies 
(F=4.32, p<0.01). 
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Table 1. Means and SDs of BMI, SSF SSF-to-BMI ratio at the beginning (t1) and after four years (t2) each 
study course and of the differences between the two occasions (t2-t1)

Study courses
BMI t1 BMI t2 BMI (t2-t1)

Mean SD Mean SD Mean SD

Physical education (N=64) 20.11 3.91 21.89 3.29 1.77* 2.29

Law and administration (N=44) 22.21 3.49 24.37 3.23 2.16* 1.82

Humanities (N=61) 22.78 3.30 25.44 2.93 2.66* 2.30

Computer Science (N=22) 23.36 1.70 24.19 1.90 0.83* 0.93

F=8.57; p<0.001 F=15.03; p<0.001 F=4.32; p<0.01

All students (N= 191) 21.82 3.63 23.86 3.36 2.03 2.14

SSF t1 SSF t2 SSF (t2-t1)

Physical education (N=64) 8.26 2.60 9.01 2.61 0.75* 1.32

Law and administration (N=44) 7.21 2.91 9.98 2.82 2.76* 2.15

Humanity (N=61) 7.77 3.29 9.83 2.87 2.06** 2.35

Computer science (N=22) 8.44 3.10 9.48 2.70 1.04* 1.62

F=1.38; n.s. F=1.37; n.s. F=11.14; p<0.001

All students (N= 191) 7.88 2.97 9.55 2.76 1.67 2.08

SSF-to-BMI Ratio t1 SSF-to BMI Ratio t2 SSF-to BMI Ratio (t2-t1)

Physical education (N=64) 0.42 0.13 0.42 0.12  -0.003 0.05

Law and administration (N=44) 0.32 0.08 0.41 0.09  0.089* 0.07

Humanity (N=61) 0.33 0.11 0.38 0.09  0.051*** 0.08

Computer science (N=22) 0.36 0.14 0.39 0.12  0.031* 0.06

F=9.03; p<0.001 F=1.13; n.s. F=18.03; p<0.001

All students (N= 191) 0.36 0.12 0.40 0.11 0.04 0.07

*p<0.001; **p<0.01;***p<0.05 – for t-tests to assess differences between t1 and t2 within each study 
course; F-values are for one-way ANOVA to assess differences between study courses on t1 and t2 and 
for the mean differences between t1 and t2.

In case of SSF, all groups showed sig-
nificant differences (p<0.01 to p<0.001 
for t-tests) within the four years of study 
period, but there were no significant 
within group differences either at the 
beginning or after four years of studies. 
The groups, however, differed signif-
icantly between themselves, with re-
spect to the mean difference in SSF be-

tween the two points of measurements 
(F=11.14, p<0.001).

Regarding the SSF-to-BMI ratio, 
nearly all groups, showed significant 
increases in their mean subcutaneous 
fat relative to BMI values (p<0.05 to 
p<0.01 for t-tests), except for the stu-
dents of physical education students, 
who did not show any increase in this 
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ratio at the second point of time of 
measurements. The four groups differed 
significantly between them in SSF-to-
BMI at the beginning of study (F=9.03, 
p<0.001). However,  the second point 
of measurement after 4 years, group dif-
ferences were not significant (F=1.13, 
p=n.s.).

The results of the two-way analyses 
of variance with repeated measures for 
the three variables (dependent), namely, 
BMI, SSF and SSF-to-BMI ratio, respec-
tively, are presented in Table 2. In each 
analysis, course type and point of times 
(t2 ort1), were the two factors. Students 
form different study courses exhibited 
significantly different BMI at the begin-
ning, and after 4 years of study, which 
indicates that all students increased 
their BMI within 4 years, however 
in varying degrees. For SSF, however, 
students did not differ between study 
courses. However, all significantly in-
creased their amount of subcutaneous 
fat, but again, in varying degrees. Very 
similar result was observed for SSF-to-
BMI ratio except that course of study 
significantly differentiated the propor-
tion of subcutaneous fat relative to BMI 
values. 

Changes in all measurements with-
in each group are shown in Figure 1. 
Compared to other groups students of 
physical education had the lowest BMI, 

during both periods of measurements. 
They showed an increase in subcu-
taneous fat and BMI almost equally 
(post hoc, for BMI p<0.001, and for 
sum fat p<0.05), and therefore, had 
no significant changes in SSF-to-BMI 
ratio. Students of other 3 courses had 
significantly higher BMI than those of 
physical education course both at the 
beginning (post hoc for Low and ad-
ministration p<0.05, for Humanities 
p<0.001, and for Computer sciences 
p<0.01), and after four years, except 
for Computer sciences (pot hoc for Low 
and Administration p<0.01, for Hu-
manities p<0.001). In addition, among 
these students a  significant increase 
in both BMI (post hoc for Low and ad-
ministration p<0.001, for Humanities 
p<0.001) and amount of subcutaneous 
fat (post hoc for law and administration 
p<0.001, for Humanities p<0.001) was 
observed, except for Computer sciences. 
This was evident especially among the 
students of law and administration and 
humanities, although the increments 
were not equal. The students of these 
courses significantly accumulated more 
subcutaneous fat than other body tis-
sue, resulting in a  significant increase 
in the proportion of the subcutaneous 
fat in relation to BMI values (post hoc 
for law and administration p<0.001, for 
Humanities p<0.001).

Table 2. Results of two-way ANOVA for repeated measurements for BMI, SSF and SSF-to-BMI ratio

BMI SSF SSF-to-BMI ratio

F p < Eta2 F p < Eta2 F p < Eta2

Course 12.18 0.001 0.163 0.13 n.s. 0.002 4.22 0.01 0.063

Repeated 127.00 0.001 0.404 117.77 0.001 0.386 64.73 0.001 0.257

Interaction 4.69 0.01 0.070 11.14 0.001 0.152 18.03 0.001 0.224
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Fig. 1. a)

Fig. 1. b)

Fig. 1. c)

Figure 1. Changes of means in BMI (a), SSF (b) and 
SSF-to-BMI ratio (c) within each study course 
measured at two occasions

Discussion

Transition to higher education has been 
associated with weight gain among stu-
dents as well as adverse changes in 
health behaviours (Deforche et al. 2015). 
At the outset, the present study showed 
that students increased their BMI and 
subcutaneous body fat significantly in all 
four disciplines in a span of four years af-
ter entering the university. The increase 
of BMI was the highest in humanities, 
followed by law, physical education and 
computer science, respectively. The in-
crease in SSF was similar to BMI, except 
that the Law students gained more SSF 
than those of humanities, and the stu-
dents of physical education gained the 
least amount of SFF. Interestingly, when 
the proportion of this subcutaneous fat 
relative to BMI was estimated, the three 
groups showed an increase while stu-
dents of physical education showed a de-
crease.

Several previous studies have reported 
dietary, attitudinal and lifestyle changes 
among students during the first phase 
after entering into higher educational 
institutions. A  study demonstrated that 
during the first year of study at univer-
sity, both male and female students un-
derwent unfavorable changes in nutrition 
profile, body weight and composition. 
The males, in fact, showed more ad-
verse changes compared to females. Body 
weight, fat, BMI, waist circumference and 
waist-hip ratio significantly increased and 
for all of these dimensions, males showed 
significantly higher gains than females 
(Beaudry et al. 2019). Many earlier stud-
ies have demonstrated that a diet quality 
in both males and females decreased over 
the course of first-year of university study 
(Breslow et al. 2006; Gorgulho et  al. 
2012; Takomana nd Kalimbira 2012; 
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Deforche et al. 2015). Increased alcohol 
intake was also reported in several other 
studies over the first year at university in 
both male and female students indicating 
a decline in overall quality of diet (Butler 
et al. 2004; Breslow et al. 2006; Deliens 
et al. 2014; Deforche et al. 2015). In some 
studies, the males clearly displayed more 
adverse and lower quality eating patterns 
than females (Beaudry et al. 2019; Keller 
et al. 2008). In a study conducted on 108 
male students in Canada made a detailed 
observation on the anthropometric, nu-
tritional and behavioural changes oc-
curred during the first year at university 
(Pullman et al. 2009). The study revealed 
a  significant weight gain, of 3.0 kg, on 
an average, accompanied by significant 
increases in BMI, body fat, waist circum-
ference, hip circumference, and waist-hip 
ratio. However, there was no significant 
change in the energy and nutrient in-
take, as such. Instead, it was found that 
intentions related to the maintenance of 
body mass had  influenced the final body 
mass. Moreover, the pattern and nature 
of aerobic physical activities significantly 
changed, time spent for study and sitting 
before computer increased significantly 
while hours of sleep decreased. Consump-
tion of alcoholic drinks and frequency of 
binge drinking significantly increased 
over the period of the study (Pullman et 
al. 2009). The participants of the present 
study underwent a possible set of chang-
es regarding choice, attitude and habits 
that might have brought about change 
in body adiposity. Although the present 
study did not take into account changes 
in dietary patterns and the amount of 
physical activity of study participants, 
it can be assumed, given the findings of 
the previous research, that the partici-
pants of the present study also endured 
some alterations in lifestyle parameters 

that were critical for the changes in body 
dimensions. Adoption of unhealthy life-
style among young adults, especially, the 
students in higher education, has been 
reported as global phenomenon (Steptoe 
and Wardle 2001; Steptoe et al. 2002; 
Dodd et al. 2010).

The most important finding of the 
present study is that the magnitudes 
of the mean changes of the measures 
in four years period were not identical 
among the different courses. Groups dif-
fered significantly between themselves 
in the mean amount of increase in BMI 
during four years of university studies. 
Gain in BMI was highest in humanities, 
followed by law, physical education and 
computer science, respectively. However, 
the subcutaneous fat deposit showed no 
significant within group differences, ei-
ther at the beginning, or after four years 
of studies. However, groups differed sig-
nificantly among themselves at the final 
point, in respect of the mean difference 
occurred during four years of time span; 
the Law students gained more subcuta-
neous fat than the humanities, and the 
students of physical education gained the 
least amount. On the other hand, where-
as nearly all groups showed significant 
increase in the mean subcutaneous fat 
relative to BMI values, physical educa-
tion students did not show any increase 
in this ratio during the four years.

Present study indicated that the 
changes in subcutaneous fat during the 
four years of study depended on type of 
study courses, and for that matter, only 
the students of physical education course 
managed to keep the harmonious chang-
es in body weight. The increase in fat-
ness was, perhaps, compensated with 
other body tissue, most probably, the 
lean mass. On the contrary, the students 
of law and administration, followed by 



Changes in body mass and adiposity during four university years 9

other two courses, increased their rela-
tive proportion of subcutaneous fat sub-
stantially. Whereas it would certainly be 
overambitious to draw a causal explana-
tion for this inter-group differences in 
the changes in body adiposity, in view of 
the limited scope of this present study, 
an attempt could definitely be made on 
the basis of the background information 
of the participants and the nature of the 
respective courses. A  plausible explana-
tion of this difference between physical 
education and other three courses could 
be postulated as effect of some selection 
as well as specific lifestyle during the 
university days. The student of physical 
education course had to pass an entry ex-
amination that included tests of physical 
fitness. Only the applicants who satisfied 
some norms of fitness, body weight etc., 
were admitted to the course. This was 
also reflected in the lowest mean BMI in 
physical education students, compared 
to other three courses, at the beginning 
of study. During four years of study, they 
had several lessons demanding vigorous 
physical activity, which influenced their 
body composition. On the contrary, the 
students of the three remaining courses 
had to pass only theoretical entrance test 
only. During their study, they had only 
two hours per week of physical educa-
tion lessons and probably spent much 
more time on learning theory, resulting 
in more sedentary lifestyle. Thus, these 
students also underwent a  selection 
first, and then a specific lifestyle, both of 
which acted to the direction opposite to 
that for the physical education students. 
Last, but not the least, several inherent 
limitations of this study should be ad-
mitted before going to final conclusions. 
Firstly, this study did not include female 
students. The sample sizes for individu-
al courses were small, especially for the 

computer science. There were no data on 
the dietary pattern, daily physical activi-
ty and specific behavioural changes that 
took place during the university years. 
However, despite several limitations, 
there were some novel aspects, too. No 
previous study had attempted to compare 
students of different courses in terms 
of changes in obesity components dur-
ing the four university years. Secondly, 
the same students were measured after 
four years, thus, making it a prospective 
study. Many studies showed that males 
underwent changes in body weight and 
adiposity more than females. The pres-
ent study, nevertheless, gave an insight 
as to how the males also could differ even 
according to different courses, too.

In conclusion, the changes in body 
mass, fatness, and composition during 
the years of study after entering into uni-
versity differed according to the nature of 
study courses. During four years of study, 
the male students in all study courses 
sowed increase in BMI and skin folds, and 
the humanities students exhibited the 
highest increase. The SSF showed a simi-
lar trend, except the law students gaining 
more than those in humanities whereas 
the students of physical education gained 
the least. The subcutaneous fat to BMI 
ratio increased in all groups except the 
students of physical education show-
ing a decrease. However, it would be too 
premature to draw firm conclusion and 
make generalised predictions about the 
expected changes in body mass, fatness 
and composition according to the nature 
of study courses among the ‘Freshmen’. 
Therefore further studies conducted in 
diverse set ups and various countries is 
needed in order to conclusively delineate 
the differential effects of study disciplines 
on changes in weight and body composi-
tion during the university days. 
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Abstract: Introduction: Studies conducted in various regions of the world have indicated that physical activity level, 
body composition and socioeconomic variables can be associated. Therefore, the objective of this study was to deter-
mine whether socioeconomic factors are associated with level of physical activity and differences in the body compo-
sition of elderly people living in north-eastern Poland.
Materials and Methods: The study involved 774 older residents (60 years or more). Physical activity levels were mea-
sured with the International Physical Activity Questionnaire. The respondents’ body composition was determined with 
an InBody 270 analyser. Pairs of means were compared with Student’s t-test; more than two means were compared 
with one-way ANOVA; and proportions were compared with the chi-square test. Statistical significance was defined 
as p≤0.05.
Results: The marital status of men and women was significantly associated with differences in physical activity level 
and body composition. The place of residence and level of education of women (but not of men), were also significant-
ly associated with differences in body composition. Age and material situation were not significantly associated with 
differences in body composition and physical activity level. 
Conclusion: The mean values of parameters of body composition in the surveyed group exceeded the norms.  The 
level of physical activity of the subjects is at a sufficient level, but in the case of women it depends on socio-economic 
characteristics. Therefore, there is a need to find effective ways to support older adults in maintaining (or increase) their 
physical activity with a particular focus on women.  
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Introduction

The elderly comprise about 12 per cent 
of the world’s population. The World 
Health Organization (WHO) predicts 
that, by 2050, the number of people over 
60 will reach 2 billion–22 per cent of the 
Earth’s total population (WHO 2015). 
In Poland, the percentage of people who 
are 60 years old or older is 24.8 per cent, 
and demographic forecasts indicate that, 
within fifty years, the number of Polish 
seniors will increase substantially to 33.3 
per cent of the population (European 
Commission 2017). 

The aging of the body is a  natural 
process and cannot be avoided. With 
age come degenerative changes in most 
physical and physiological functions 
(Ruiz-Montero and Castillo-Rodriguez 
2016). This is also reflected by body 
composition–as the body ages, the per-
centage of each component changes. 
From early adolescence to approximate-
ly age 70, body fat increases and fat free 
mass decreases (Colado et al. 2012). 
These changes in fat mass and fat free 
mass may be a  factor contributing to 
increased risk of certain conditions in 
the elderly, such as frailty, chronic dis-
eases and functional disability, and they 
are risk factors for the development of 
Insulin Resistance (IR), Metabolic Syn-
drome (MS) and Cardiovascular Dis-
eases (CVD), including arterial stiffness 
(Silva Neto et al. 2019). Changes in the 
ratio of fat mass to free fat mass lead to 
sarcopenia, a geriatric syndrome charac-
terized by quantitative and qualitative 
changes in skeletal muscle, with reduc-
tions in fat free mass, muscle strength 
and physical performance (Ryall et al. 
2008). For the elderly, obesity is also 
a  major health risk (Houston et al. 
2009; Batsis et al. 2014). When it occurs 

together with sarcopenia, it is termed 
sarcopenic obesity, a  high-risk geriat-
ric syndrome associated with increased 
risk of synergistic complications from 
both sarcopenia and obesity (Tyrovolas 
et al. 2016; Batsis and Villareal 2018). 
An elderly person with a more sedentary 
lifestyle loses fat free mass faster than 
one who is active. Physical inactivity in 
older adults (above 65 years) is associat-
ed with a higher risk of falling, mobility 
disorders, low muscle strength and loss 
of independence (WHO 2017). In con-
trast, physical activity helps to prevent 
weight loss and maintain functional ca-
pacity in people over the age of 70 (Woo 
et al. 2013). Thus, an active lifestyle can 
minimize the development of many dis-
abling conditions and chronic diseases 
and can help in achieving healthy ageing 
and well-being (Awais et al. 2019). 

Studies conducted in various regions 
of the world have indicated that physical 
activity level, body composition and so-
cioeconomic variables can be associated 
(Dos-Santos et al. 2001; McLaren 2007; 
Ward et al. 2015; Staatz et al. 2019). De-
pending on the country and gender of 
the respondents, the associated socioec-
onomic variables include education, oc-
cupation, and financial situation. In Po-
land, individuals who are above 60 years 
of age differ in terms of various charac-
teristics, such as the type of community 
in which they live, their level of educa-
tion, or their amount of physical activity 
(Omelan et al. 2017; Omelan et al. 2020), 
which may be associated with differences 
in their body composition. However, to 
the authors’ knowledge, these potential 
associations have not been examined in 
north-eastern Poland.

Body composition analyses support 
the assessment of disease risk factors, 
and the results can be used in health 
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care and in programs aimed at replacing 
unhealthy habits with behaviors that 
promote health and overall well-being.  
Knowledge of which socioeconomic fac-
tors have the greatest impact on body 
composition will make it easier to identi-
fy groups of older people who are most at 
risk of health problems. Therefore, the 
objective of this study was to determine 
whether socioeconomic factors (commu-
nity of residence, marital status, level 
of education, financial situation) and 
age, are associated with level of physi-
cal activity and differences in the body 
composition of elderly people living in 
north-eastern Poland in view of health 
problems associated with ageing.

Materials and methods

The study involved 774 older residents 
(above 60 years of age) of rural and ur-
ban areas in north-eastern Poland. These 
subjects were selected by purposive-prob-
ability sampling. The Federation of Social 
Work Organizations in the Warmia and 
Mazury Region maintains a database of 
seniors and helped the researchers in se-
lecting the survey sample and contacting 
respondents from both urban and rural 
areas. Suburban areas (so-called satellite 
villages) are developing rapidly in Poland, 
attracting urban residents, who neverthe-
less maintain their urban lifestyles. But 
the authors wanted to reach seniors who 
have lived and worked in traditional vil-
lages, with a predominantly agricultural 
function, all their lives. The respondents 
surveyed in this study lived in rural ar-
eas far from urban areas. Access to this 
population was difficult, and some peo-
ple were reluctant to participate in the 
study. It was definitely easier to reach 
older people living in cities, as they often 
belong to formal and informal senior or-

ganizations, participate in various activ-
ities and are more willing to take part in 
surveys. In addition, a study by Omelan 
et al. (2017), shows that Polish seniors 
also differ in terms of their preferred lei-
sure activities – Urban seniors read more 
and are more physically active, while ru-
ral seniors watch more TV, are less phys-
ically active, and rarely use a computer.   
The participants were surveyed with the 
use of a questionnaire to elicit informa-
tion about their socioeconomic status 
(place of residence, education, self-as-
sessment of material situation, marital 
status). Physical activity (PA) levels were 
measured with the short version of the 
International Physical Activity Question-
naire (IPAQ). The IPAQ expresses physi-
cal activity in units of MET (Metabolic 
Equivalent of Work). Physical activity 
below 600 METs is defined as insuffi-
cient, between 600–1500 as sufficient, 
and above 1500 MET-min/week as high 
(Biernat, Stupnicki and Gajewski 2007). 
The interviewers were able to survey all 
respondents in person (face-to-face). The 
respondents’ body composition was de-
termined with an InBody 270 analyser 
(Bioelectrical Impedance Analysis, BIA). 
The following parameters were selected 
for analysis: Body mass [kg]; FFM (Fat 
Free Mass) [kg]; FFM control [kg]; SMM 
(Skeletal Muscle Mass) [kg]; BMI (Body 
Mass Index) [kg/m2] – According to the 
World Health Organisation criteria BMI 
between: 18.5 and 24.9 kg/m2 normal 
weight; 25.0 – 29.9 kg/m2 pre-obesity; 30 
– 34,99 kg/m2 obesity class I; 35 – 39,99 
kg/m2 obesity class II; ≥40 extreme obesi-
ty; TBW (Total Body Water) – the InBody 
270 criteria for a healthy values of body 
water content range from 45–60 per cent 
in women to 50–65 per cent in men; PBF 
(Percent Body Fat) – the InBody 270 cri-
teria for a healthy percent body fat were 
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followed: the standard for women is 18–
24 per cent and for men 14–20 per cent; 
WHR (Waist-Hip Ratio) – The male ref-
erence values for waist-hip ratio ranges 
from 0.80 to 0.90, and for women 0.75 
to 0.85; VFL (Visceral Fat Level) – The 
InBody 270 criteria for accepted norm 
for visceral fat is <100 cm2 (<10 points); 
OD (Obesity degree) OD(%)= (current 
body weight/standard body weight)x100 
– The normal norm for the degree of obe-
sity (according to InBody 270 criteria) is 
90 – 110%.

Normality was verified with the Shap-
iro-Wilk test (skewness, As, was also 
examined). Therefore, Student’s t-test 
was used to compare pairs of arithmetic 
means. To compare more than two arith-
metic means, one-way analysis of vari-
ance (ANOVA) was used. The chi-square 
test was used to compare proportions. 

Statistical significance was defined as 
p≤0.05. Measurements were statistically 
processed with Statistica PL, v. 13.5.

Most respondents (83%) are aged 
60–74 and come from urban areas (65%). 
Women predominate in the study group. 
The majority of the respondents were well 
educated. There were statistically signif-
icant differences between the secondary 
education of men and women – women 
significantly more often (p=0.020) have 
a high school education. In other educa-
tion categories, gender differences are not 
significant. Half of the respondents lived 
in single-person households. More men 
were married or in partnerships than 
women, and this difference was statis-
tically significant (p<0.001). Almost 60 
per cent of the respondents have chron-
ic diseases, and some of them indicated 
several comorbidities. 

Table 1. Age and socio-economic status of the surveyed men (N=121) and women (N=653)

Feature Category

Sex

Difference (p)
Total

Male Female

N % N % N %

Age (years) 60–74 103 85.1 540 82.7 ns 643 83.0

75–89 18 14.9 113 17.3 ns 131 17.0

Place of 
residence

rural 55 45.5 215 32.9 0.008 270 34.9

urban 66 54.5 438 67.1 0.008 504 65.1

Education primary 25 20.7 114 17.5 ns 139 18.0

vocational 18 14.9 85 13.0 ns 103 13.3

secondary 42 34.7 302 46.2 0.020 344 44.4

university 36 29.7 152 23.3 ns 188 24.3

Financial 
situation  
(self-assessed)

low or average 59 48.8 373 57.1 ns 432 55.8

satisfactory or high 62 51.2 280 42.9 ns 342 44.2

Marital
 status

single 36 29.8 348 53.3 <0.001 384 50.4

married 85 70.2 305 46.7 <0.001 390 49.6

Chronic 
disease

no 58 47.9 260 39.8 ns 318 41.0

yes 63 52.1 393 60.2 ns 456 59.1
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Results

There is no statistically significant asso-
ciation between the body composition of 
seniors and their age and material situa-
tion, and for the men only, body compo-

sition and place of residence and educa-
tion. Statistically significant associations 
were found between body composition 
and marital status, and for women only, 
body composition and place of residence 
and education.

Table 2. Descriptive statistics for the studied anthropometric features, physical activity and body composi-
tion of men and women 

Feature
Male (N=121) Female (N=653) Difference 

(M-F)

Mean SD min–
max As Mean SD min-

max As t p

Age [years] 68.20 6.58 58–87 0.77 68.69 6.36 58–91 0.75 -0.77 ns

MET 917.09 884.14 50–3150 1.09 782.11 684.25 50–3564 1.10 1.90 ns *)

Body height 
[cm] 172.58 6.88 150–193 -0.17 160.91 5.62 142–178 -0.03 20.21 <0.001

Body mass [kg] 84.13 12.91 54.7–127.8 0.53 73.94 13.23 37.4–132.4 0.61 7.81 <0.001

TBW (Total 
Body Water) [L] 45.06 6.10 28.7–69.5 0.35 33.59 4.33 20.5–50.7 0.42 24.93 <0.001

BMI (Body 
Mass Index) 
[kg/m2]

28.21 3.71 21.4–38.2 0.40 28.84 4.84 16.8–51.7 0.83 -0.71 ns

PBF (Percent 
Body Fat) [%] 26.77 6.63 9.6–42.3 0.17 37.31 6.92 4.2–54.2 -0.55 -15.48 <0.001

WHR (Waist-
Hip Ratio) 0.95 0.08 0.75–1.14 0.23 0.92 0.08 0.58–1.19 -0.24 3.44 <0.001

VFL (Visceral-
Fat Level) 10.27 3.97 3–21 0.66 13.16 4.68 1–30 0.17 -6.38 <0.001

FFM (Fat Free 
Mass) [kg] 61.22 8.34 39.1–94.9 0.37 45.74 5.88 28.1–68.8 0.41 24.73 <0.001

FFM control 
[kg] 0.39 1.18 0.0–6.6 3.54 0.60 1.39 0.0–13.0 3.30 -1.54 ns

SMM (Skeletal 
Muscle Mass) 
[kg]

34.31 4.96 21.1–54.7 54.7 24.97 3.49 14.4–38.6 0.39 25.10 <0.001

Obesity degree 128.31 16.83 97–173 0.39 132.75 22.51 78–241 0.83 -2.06 0.039

* close to statistical significance.

The mean values of BMI indicated 
the presence of obesity in both the male 
and female groups. Irrespective of the sex 
of the participants, the normal range was 
exceeded for Waist-Hip-Ratio, Percent 
Body Fat, Visceral Fat Level and Obesi-

ty degree. However, these measurements 
remained within the normal range: Fat 
Free Mass, Skeletal Muscle Mass and To-
tal Body Water. The relationship between 
the subjects’ PA level and their gender is 
close to statistical significance. 
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Table 3. Descriptive statistics for the studied anthropometric features, physical activity and body composi-
tion of men and women grouped by marital status 

Feature

Male Female

Single  
(n=36)

Married  
(n=85)

Difference 
(S-M)

Single  
(n=348)

Married 
(n=305)

Difference 
(S-M)

Mean SD Mean SD t p Mean SD Mean SD t p

MET 848.3 820.6 981.5 1031.9 -0.69 ns 700.45 618.5 875.0 742.23 -3.27 0.001

Body height [cm] 169.33 7.15 173.95 6.31 -3.54 <0.001 160.74 5.80 161.09 5.41 -0.79 ns

Body mass [kg] 78.65 10.68 86.46 13.12 -3.15 0.002 72.78 13.37 75.27 12.96 -2.41 0.016

TBW (Total Body 
Water) [L]

42.06 5.78 46.34 5.80 -3.71 <0.001 33.27 4.44 33.95 4.18 -2.00 0.046

BMI (Body Mass 
Index) [kg/m2]

27.37 2.90 28.60 3.96 -1.64 ns 28.13 4.80 29.01 4.85 -2.33 0.020

PBF (Percent Body 
Fat) [%]

27.11 6.40 26.63 6.77 0.36 ns 36.87 7.04 37.80 6.76 -1.71 ns

WHR (Waist-Hip 
Ratio)

0.94 0.07 0.95 0.08 -0.59 ns 0.91 0.08 0.93 0.07 -2.80 0.005

VFL (Visceral Fat 
Level)

9.69 3.50 10.52 4.14 -1.04 ns 12.77 4.57 13.61 4.76 -2.31 0.021

FFM (Fat Free 
Mass) [kg]

57.12 7.85 62.95 7.96 -3.70 <0.001 45.30 6.01 46.23 5.69 -2.02 0.043

FFM control [kg] 0.70 1.48 0.26 1.01 1.88 ns 0.65 1.41 0.53 1.36 1.08 ns

SMM (Skeletal 
Muscle Mass) [kg]

31.91 4.72 35.32 4.73 -3.62 <0.001 24.67 3.56 25.31 3.38 -2.37 0.018

Obesity degree 124.47 13.18 129.94 17.98 -1.64 ns 130.85 22.33 134.92 22.55 -2.32 0.021

The Fat Free Mass and Skeletal Muscle 
Mass of men in stable, long-term relation-
ships were significantly higher than those 
of single men (p<0.001 for both parame-
ters). Apart from these parameters, the dif-
ferences between men who were in long-
term relationships and those who were not 
in such relationships were not statistically 
significant. Compared to single women, 
married women had significantly higher 
values for BMI (p=0.020), Waist-Hip Ra-
tio (p=0.005), Fat Free Mass (p=0.043), 
Skeletal Muscle Mass (p=0.018), Visceral 
Fat Level (p=0.021) and Obesity degree 

(p=0.021). There is no statistically sig-
nificant association between the PA level 
of married men and singles. In contrast, 
there is a statistically significant associa-
tion between the PA levels of married and 
unmarried women (p<0.001) – married 
women obtain significantly higher average 
MET value than single women.

Urban men were significantly taller 
than rural men (p=0.041). Body compo-
sition did not differ significantly between 
men living in rural areas and those in ur-
ban areas although percent body fat was 
on the verge of statistical significance. 
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Table 4. Descriptive statistics for the studied anthropometric features, physical activity and body composi-
tion of men and women grouped by place of residence 

Feature

Male Female

Urban 
(n=66)

Rural 
(n=55)

Difference 
(U-R)

Urban 
(n=438)

Rural 
(n=215)

Difference 
(U-R)

Mean SD Mean SD t p Mean SD Mean SD t p

MET 1015.6 985.6 798.8 735.9 1.35 ns 861.9 686.5 619.9 651.7 4.30 <0.001

Body height [cm] 173.74 6.84 171.18 6.72 2.07 0.041 160.80 5.74 161.13 5.37 -0.71 ns

Body mass [kg] 83.58 11.60 84.80 14.41 -0.52 ns 72.20 12.93 77.49 14.19 -4.88 <0.001

TBW (Total Body 
Water) [L]

45.49 6.01 44.56 6.22 0.83 ns 32.97 4.09 34.84 4.55 -5.30 <0.001

BMI (Body Mass 
Index) [kg/m2]

27.68 3.37 28.85 4.01 -1.74 ns 27.90 4.43 29.85 5.35 -4.94 <0.001

PBF (Percent Body 
Fat) [%]

25.72 6.49 28.03 6.64 -1.94 ns *) 37.02 6.66 37.89 7.40 -1.50 ns

WHR (Waist-Hip 
Ratio)

0.94 0.08 0.96 0.09 -1.76 ns 0.92 0.07 0.93 0.09 -0.89 ns

VFL (Visceral Fat 
Level)

9.68 3.62 10.98 4.28 -1.81 ns 12.81 4.50 13.88 4.95 -2.76 0.006

FFM (Fat Free 
Mass) [kg]

61.81 8.23 60.51 8.48 0.85 ns 44.92 5.57 47.39 6.15 -5.14 <0.001

FFM control [kg] 0.40 1.18 0.37 1.20 0.12 ns 0.68 1.34 0.43 1.48 2.16 0.032

SMM (Skeletal 
Muscle Mass) [kg]

34.64 4.87 33.90 5.09 0.82 ns 24.49 3.32 25.95 3.62 -5.11 <0.001

Obesity degree 126.02 15.30 131.07 18.27 -1.66 ns 129.77 20.61 138.83 24.92 -4.92 <0.001

* close to statistical significance. 

There is no statistically significant 
association between body height, Per-
cent Body Fat and Waist-Hip Ratio of 
women living in rural and urban areas. 
A statistically significant difference was 
noted between the other parameters. 
Apart from Fat Free Mass and Skeletal 
Muscle Mass, the women living in ru-
ral areas obtained lower values for body 
composition parameters than their ur-

ban peers. There is no statistically sig-
nificant association between the PA 
level of men living in rural and urban 
areas. In contrast, there is a statistically 
significant association between the PA 
level of women and their place of resi-
dence (p<0.001) – women living in the 
city obtain significantly higher average 
MET value than women living in the 
countryside. 
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Table 5. Descriptive statistics for the studied anthropometric features, physical activity and body composi-
tion of women grouped by level of education 

Feature

Education – women
Differenceprimary  

(N=114)
vocational 
(N=85)

secondary 
(N=302)

higher 
(N=152)

Mean SD Mean SD Mean SD Mean SD F p

MET 457.06 541.06 720.87 658.93 848.75 710.92 928.71 664.15 12.72 <0.001

Body height [cm] 160.13 4.82 160.52 5.51 160.95 6.02 161.63 5.39 1.70 ns

Body mass [kg] 78.68 14.71 75.60 14.30 73.00 12.32 71.33 12.24 8.05 <0.001

TBW (Total Body 
Water) [L]

34.78 4.26 33.77 4.68 33.21 4.33 33.32 4.04 3.93 0.008

BMI (Body Mass 
Index) [kg/m2]

30.67 5.55 29.30 5.24 28.13 4.23 27.31 4.62 12.67 <0.001

PBF (Percent Body 
Fat) [%]

38.88 7.14 38.32 6.45 37.35 6.48 35.47 7.47 6.27 <0.000

WHR (Waist-Hip 
Ratio)

0.92 0.09 0.94 0.07 0.92 0.07 0.90 0.07 2.69 0.045

VFL (Visceral Fat 
Level)

14.29 4.89 14.12 4.90 13.01 4.36 12.06 4.75 6.41 <0.000

BFM (Body Fat Mass) 
[kg]

31.40 10.63 29.60 9.86 27.75 8.54 35.47 7.47 8.53 <0.000

FFM (Fat Free Mass) 
[kg]

47.28 5.73 45.99 6.35 45.25 5.90 45.40 5.51 3.58 0.013

FFM control [kg] 0.31 1.05 0.56 1.46 0.64 1.36 0.73 1.59 2.24 ns

SMM (Skeletal 
Muscle Mass) [kg]

25.85 3.36 25.10 3.79 24.70 3.49 24.76 3.30 3.26 0.021

Obesity degree 142.65 25.89 136.30 24.34 130.87 19.70 127.06 21.48 12.62 <0.000

There was no statistically significant 
relationship between women’s body 
height and FFM control and their level 
of education. A  statistically significant 
difference was noted between the other 
parameters. In general, the higher the 
level of education that the women had 
attained, the more often their scores for 
BMI, body fat percentage, visceral fat lev-
el and degree of obesity were in the nor-
mal range. On the other hand, for skel-
etal muscle mass and free fat mass, the 
less educated women scored higher than 
the more educated women (the higher 
the value of these parameters, the more 

beneficial for the body). There is a  sta-
tistically significant association between 
women’s PA levels and their education 
level. The better educated the women, 
the significantly higher the average MET 
value. 

Discussion

Most respondents are aged 60–74 and 
come from urban areas. The remaining 
respondents are older people living in so 
called traditional villages (far away from 
cities, whose inhabitants occasional-
ly come into contact with urban areas). 
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Reaching them and carrying out the re-
search was difficult because they do not 
belong to senior citizens’ organisations 
and rarely use the Internet (Omelan et al. 
2017; Omelan et al. 2020), that is why 
most of the respondents in this study 
lived in urban areas. The predominance 
of women in the study group is not sur-
prising as it has been widely documented 
that, in developed countries, females live 
longer than males. This is the result of 
lower female death rates throughout the 
lifespan (Poulain et al. 2011), and in Po-
land, there are 139 women for every 100 
men over 60 years of age. This ratio dif-
fers by place of residence: in cities, the 
number of women per 100 men is higher 
than in rural areas (146 vs. 128) (Statis-
tics Poland 2020). 

Half of the respondents lived in sin-
gle-person households, which is another 
feature of aging and old age. The grow-
ing number of one-person households 
among the elderly is the result of so-
cio-demographic changes that contin-
ue to take place in human history (Pie-
kut 2020). More men were married or 
in partnerships than women. It can be 
assumed that this is related to the fact 
that women statistically live longer than 
men. Almost 60 per cent of the respond-
ents have chronic diseases, and some of 
them indicated several comorbidities. 
This is a dangerous situation because the 
occurrence of several comorbidities may 
accelerate the progression of the regres-
sive processes caused by ageing (Vercelli 
and Ciferri 2018). 

Body compositions features and 
physical activity in men and women

The Body Mass Index (BMI) is general-
ly accepted as an indicator of optimal 
weight. According to the World Health 

Organisation (WHO) criteria, a  BMI 
between 18.5 and 24.9 kg/m2 indicates 
normal weight. The use of the BMI with 
elderly populations is sometimes criti-
cized. According to Bahat et al. (2012), 
the BMI scale recommended by the WHO 
should not be used with older adults be-
cause a higher body weight is better for 
the health of senior citizens.The stand-
ard BMI proposed for people above 60 
years of age ranges from 24 to 29 kg/m2 

(Queensland Government 2017). Nev-
ertheless, in this study, it was decided 
to adopt the scale recommended by the 
WHO. The average BMI for the studied 
group of women was 28.84 kg/m2, and 
for men 28.21 kg/m2. These values are 
in above normal range, close to the first 
degree of obesity. Similar results were ob-
tained by Malczyk et al. (2016). 

A  generally accepted body fat range 
does not exist, and the proposed models 
rely on empirically set limits, population 
percentiles and scores, which all have se-
rious limitations (Gallagher et al. 2000). 
In this study, the InBody 270 criteria for 
a healthy percent body fat were followed: 
the standard for women is 18-24 per cent 
and for men 14–20 per cent. Both the 
men and the women in this study were 
well above the norm, but the situation 
of the women was worse. This is a very 
alarming result because a high body fat 
content in combination with a high BMI 
significantly increases the risk of func-
tional limitations in older women (Zoico 
et al. 2004). 

Considering the magnitude of their 
BMI and percent body fat values, it is 
not surprising that other elements of 
the subjects’ body composition were at 
alarmingly high levels. The male norm 
for waist-hip ratio ranges from 0.80 to 
0.90, and the men exceeded this norm. 
A  similar situation was observed with 
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the women. Thus, the studied seniors 
are characterised by so-called abdominal 
obesity.

Accumulation of excess visceral fat 
significantly increases the risk of health 
problems, including proximal aortic dila-
tation, diabetes, heart disease and cancer 
(Jiang et al. 2018). The accepted norm 
for visceral fat is <10 points. The men 
and women both exceeded the norm, but 
the visceral fat levels were significantly 
higher in the women.

The obesity degree results conclusive-
ly confirmed that the examined seniors 
were in a health risk group. Regardless of 
gender, the subjects exceeded the norm, 
the upper limit of which is 110 per cent.

In an ageing population, healthy val-
ues of body water content range from 
45–60 per cent in women to 50–65 per 
cent in men (Verbalis 2003). During this 
study, the total body water values were 
measured in litres (L) and used to cal-
culate percent body water for males and 
females. The mean value for women’s 
Total Body Water was 45.42 per cent, 
which is basically the lower limit of the 
norm. The men scored slightly better 
with 53.55 per cent, but this is also dan-
gerously close to the lower limit of the 
norm. Similar results were reported by 
Malczyk et al. (2016). The above could 
suggest that senior citizens, regardless 
of gender, are at risk of dehydration. Re-
search by other authors shows that this 
is a very dangerous situation. A 1–2 per 
cent decrease in percent body water can 
impair physiological and mental func-
tions, compromise endurance and con-
tribute to cardiovascular, neural and re-
nal dysfunctions (Josko-Ochojska et al. 
2014). Dehydration is a  common cause 
of hospitalisation among older people 
(El-Sharkawy et al. 2014). Preventive 
measures are required to increase hydra-

tion, improve health and decrease hospi-
talisation rates among older adults. 

In general, physical activity positive-
ly influences health status and improves 
quality of life, allowing seniors to enjoy 
their independence (Lampinen et al. 
2006). Worldwide, approximately 3.2 
million deaths per year are attributed to 
a  lack of physical activity. In highly de-
veloped countries, the level of chronic 
disease increases proportionally as physi-
cal activity levels decrease. For improved 
health, moderate to vigorous intensity 
exercise at least 5 days per week is a key 
factor. According to Taylor (2014), few 
older people achieve this level of activi-
ty. Based on the results obtained by Pol-
ish seniors in this study, their physical 
activity can be described as sufficient : 
men 917.09 MET, women 782.11 MET. 
These values are very close to the upper 
limit of insufficient physical activity (600 
MET) and at the same time very far from 
the lower limit of high physical activity 
(1500 MET). Reducing the activity level 
of the subjects might negatively affect 
their functional independence, potential-
ly leading to serious social consequences. 

Body composition, physical activity 
and marital status

In ageing and old age, not being married 
or living alone has negative consequenc-
es for many aspects of life. Similarly, 
there is research confirming that being 
married protects health. Married people 
lead more stable, structured and health-
ier lifestyles and enjoy more psycholog-
ical and physical support. As a  result, 
married people enjoy better health than 
single people (Janghorbani et al. 2008; 
Mata 2015; Dakowicz 2017). A study by 
Williams, Zhangb and Packardc (2017) 
found that older people who were mar-
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ried had higher levels of life satisfaction 
and lower depression scale scores than 
those who had never been married, were 
divorced or were widowed. Entry into 
marriage is associated with weight gain, 
and exit from marriage, with weight loss 
(Dinour et al. 2012). 

It is interesting that married men 
were significantly taller than singles 
(p<0.001). Apart from this, our study 
found that single men did not differ sig-
nificantly from married men in terms 
of important parameters such as BMI, 
Waist-Hip-Ratio, Percent Body Fat, Vis-
ceral Fat Level and Obesity degree. In 
contrast, single women had a number of 
statistically significant differences from 
married women. The single women had 
lower (and therefore better) values for 
Waist-Hip-Ratio, Visceral Fat Level and 
Obesity degree. These are interesting 
results, as the study showed that single 
women had significantly lower levels of 
physical activity than married women. 
Markey et al. (2005) found that being 
married as opposed to being single is as-
sociated with proactive health beliefs in 
men but not in women. In addition, they 
reported that women are socialized to see 
themselves as caretakers and to selfless-
ly support others. Therefore, the role of 
wife may make a woman less inclined to 
prioritize her own health care and more 
inclined to provide care for other family 
members (Markey et al. 2005). This may 
be why married women differ from sin-
gles in terms of body composition, while 
the men (regardless of marital status) 
do not. The manner in which women 
think about their individual needs, in-
cluding their health needs, is the product 
of many thousands of years of shaping 
male and female social roles and of being 
brought up according to gender-specific 
cultural patterns. As we can see, this is 

also reflected by the women’s body com-
position. To change such deep-rooted tra-
ditions is a huge social challenge.

Body composition, physical activity, 
and place of residence

Rural residents aged 60 years or more 
constitute 36.1 per cent of the elder-
ly population in Poland (Czapiński and 
Bledowski 2013). This group remains 
poorly studied, especially in terms of 
health. In rural areas, a combination of 
unique health problems, resource scarci-
ty, demographic characteristics, cultural 
behaviours and economic concerns influ-
ence the health status of residents (War-
ren and Smalley 2014). These factors can 
affect body composition.

Except for height (men living in urban 
areas were significantly taller than those 
living in rural areas), place of residence 
(urban/rural) did not affect the men’s 
body composition parameters. However, 
place of residence was associated with 
differences in the body composition of 
the women. Senior women living in ur-
ban areas had significantly lower BMI, 
Visceral Fat Level and Obesity degree. 
Rural women had a  significantly higher 
Skeletal Muscle Mass score and a higher 
Fat Free Mass than their urban counter-
parts, even though their physical activity 
expressed in MET was lower than that of 
their urban peers. Percent Body Fat and 
Waist-Hip ratio were similar in rural and 
urban women.

The rural women in this study most 
likely performed physical labor on farms 
for most of their lives, which may have 
been the reason for their increased mus-
cle mass relative to their urban peers. 
The lifestyle of the people living in tradi-
tional Polish villages did not include reg-
ular recreational physical activity. They 
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did not form lasting habits of exercising 
for health in their leisure time and this 
is probably why, after retirement, their 
physical activity was at a fairly low level, 
although their Skeletal Muscle Mass re-
mained at a fairly good level. In contrast, 
older women living in cities are usually 
better educated and often have white-col-
lar jobs (Omelan et al. 2017; Omelan et 
al. 2020). It can also be assumed that 
they were not physically active in their 
youth and adulthood. But in retirement, 
they have ample opportunities to change 
this. In Polish cities, regardless of their 
size, Third Age Universities and other 
social organisations that were established 
to work with the elderly are thriving. 
Only 11 per cent of these Universities 
operate in rural areas (Statistic Poland 
2019). Senior organisations offer their 
students various forms of physical activ-
ities, which seniors enjoy. This is proba-
bly why both the men and women living 
in cities had higher physical activity than 
their rural peers, and in general, urban 
seniors are more likely to maintain a high 
quality of life for longer. The rural wom-
en in this study may be at greater risk of 
more rapid loss of muscle strength and 
mass. An elderly person with a more sed-
entary lifestyle loses Fat Free Mass faster 
than one who is active. Consequently, 
physical activity serves to prevent weight 
loss and maintain functional capacity 
in people over the age of 70 (Woo et al. 
2013). It is well established that loss of 
muscle mass and strength in older men 
and frail elderly women can be reversed 
with resistance training exercises, even 
into the seventh decade (Gallagher et al. 
2000). An effective effort should be made 
as soon as possible to facilitate access to 
Physical Culture for older rural residents 
in Poland.

Body composition, physical activity 
and level of education

Education provides individuals with 
better access to information and greater 
critical thinking skills, so educated peo-
ple make better use of health informa-
tion than less educated people. A better 
education appears to be associated with 
a  lower likelihood of obesity, especial-
ly among women (Devaux et al. 2011). 
Yoon et al. (2006) analyzed gender differ-
ences in a study of socioeconomic factors 
and obesity and found that higher levels 
of education resulted in lower BMI and 
waist circumference in women, but not 
in men. Similarly, the study presented 
here found that the body composition of 
women differed significantly by level of 
education, but that of men did not. The 
lower the education of the women in this 
study, the higher the rates of such param-
eters as BMI, Waist-Hip-Ratio, percent 
body fat, visceral fat level and obesity 
degree. The only exception was skeletal 
muscle mass: women with the lowest ed-
ucation had a  significantly higher value 
for this index than better educated ones 
(and the higher the value of these param-
eters, the more beneficial for the body). It 
can be assumed that this is the result of 
doing physical work throughout an occu-
pationally active life. However, due to the 
fact that this group’s levels of physical 
activity (457.06 MET) were insufficient 
at the time of this study, they may be at 
risk of more quickly losing strength and 
muscle mass. Cutler and Lleras-Muney 
(2006) found that better educated wom-
en are more likely to exercise, which was 
confirmed by the present study: physical 
activity among women with a university 
education was twice as high as among 
those with only a  primary education. 
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Therefore, it can be assumed that the 
higher the education of women, the low-
er their risk of sarcopenia.

Conclusions

In Poland, expenditures on treatment 
of people 60 years or more constitute 
a  significant part of the costs incurred 
for health care. In 2018, the National 
Health Fund spent E 7,456,140.30 (PLN 
34 million) for this purpose, which was 
an increase of 8 per cent compared to the 
previous year (Statistics Poland 2020). 
Considering the results of the research 
presented in this article, it can be expect-
ed that spending on seniors will continue 
to increase, not only because their num-
ber is still growing. The data presented 
here show that older people, regardless 
of gender, exceed the norms set for body 
composition parameters, which increas-
es their risk of age-related diseases and 
of being overweight or obese, which also 
lead to health complications. Many coun-
tries are concerned not only about the 
rate of increase in overweight and obesity, 
but also about inequalities in their distri-
bution across social groups, particularly 
according to educational level, socio-eco-
nomic status or ethnicity. Inequalities be-
tween social groups appear to be particu-
larly high in women (Wardle et al. 2002). 
Our study confirmed that the situation 
is similar in Poland, suggesting that the 
issue of such differences between women 
in different socioeconomic groups may be 
a universal problem. The body composi-
tion of Polish female seniors differs signif-
icantly by their place of residence, mar-
ital status, and level of education. Men 
differ only by marital status, but with 
respect to only a  few body components. 
However, it should be emphasised again 
that, irrespective of socio-economic char-

acteristics, the senior citizens exceeded 
the norms set for individual body com-
position components. Attention should 
also be paid to the physical activity of 
the subjects. In fact, the average value for 
both genders indicates sufficient PA, but 
studies have shown that for women PA is 
dependent on socio-economic character-
istics. Therefore, there is a need to find 
effective ways to support older adults in 
maintaining (or increase) their physical 
activity, and subsequently, to develop ha-
bitual physical activity behaviors (Taylor 
2014). These should be large-scale pre-
ventative measures (which are lacking in 
Poland) with a particular focus on wom-
en with a certain socio-economic profile. 
This is necessary if we are to improve the 
quality of life of senior citizens, and as 
a  consequence, reduce expenditures on 
health care.
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AbstrAct: Mortality crises are periods of unusually high mortality resulted from a combination of epidemic 
episodes, climatic phenomena, historical events and sociopolitical factors. The most pronounced setback in the 
methodology applied to analyse mortality rates of historical populations is the inability to establish their size.

Reference publications do not provide unambiguous measures of the intensity and scale of mortality crisis 
periods. This problem was approached with the use of the Standardised Demographic Dynamics Rate (SDDR) 
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a demographic crisis.

Key words: epidemics, mortality crises, Standardised Demographic Dynamics Ratio (SDDR), Box-Cox 
transformation, historical demography

 

Original article
© by the author, licensee Polish Anthropological Association and University of Lodz, Poland
This article is an open access article distributed under the terms and conditions of the 
Creative Commons Attribution license CC-BY-NC-ND 4.0  
(https://creativecommons.org/licenses/by-nc-nd/4.0/) 
Received: 24.11.2021; Revised: 19.08.2022; Accepted: 30.08.2022

https://doi.org/10.18778/1898-6773.85.3.04
https://creativecommons.org/licenses/by-nc-nd/4.0/%22 /t %22_blank


48 Alicja Drozd-Lipińska, Arkadiusz Bartczak, Michał Krzemiński, Tomasz Dziki

Introduction

The analysis of the 16th–19th century 
mortality rates reveals the occurrence of 
repeated periods of sudden and dramatic 
increases in the number of deaths. Such vi-
olent short-run disturbances in the mortal-
ity pattern, referred to as mortality crises, 
their causes and effects on local commu-
nities, have been in the centre of attention 
ever since the interest in the possibility of 
research into record books appeared (Hin-
de 2010; Nelson 1991; Humphreys 1987; 
Landers 2006; Goubert 1960; 1968).

One of the definitions of the phe-
nomenon states that „mortality crises 
are unusually high mortalities arising 
from a  common, unusual, causal factor 
operating for a limited time across a giv-
en geographical area” (Bouckaert 1989). 
The death curve rockets and increased 
mortality lingers for a period of at least 
several months (Kuklo 2009). Research-
ers, however, tend to be in disagreement 
as to the choice of objective methods 
providing unambiguous identification 
of crisis periods and their intensity. The 
most pronounced setback in the method-
ology applied to analyse mortality rates 
of historical populations is the inability 
to establish their size, which stems from 
the very character of the analysed sources 
(parish registers, registers and statistics 
of deaths). Reference publications do not 
provide unambiguous measures of the 
intensity and scale of mortality crisis pe-
riods that would allow space-time com-
parison and the description of variation 
of the observed phenomena (Sawchuk et 
al. 2013; Kuklo 2009; Goubert 1968).

Consequently, both historians and de-
mographers tend to apply the number of 
deaths, or less frequently – the number 
of conceptions, as the measure of demo-
graphic crises.

By general agreement, though, re-
searchers point at the necessity to apply 
a  variety of criteria of identification of 
crises themselves, as well as their inten-
sity, depending on the population size and 
socio-economic discrepancies within its 
structure (e.g. urban-rural) (Turner 1973; 
Lebrun 1977; Hinde 2010; Sawchuk et al. 
2013; Bouckaert 1989). Provided that the 
size of the population and length of the 
crises are known, crisis intensity index 
suggested by T. Hollingsworth (Holling-
sworth 1979; Hinde 2010) can be applied. 
The important upside of this method is 
the possibility to determine the crisis in-
tensity on the basis of the size of the de-
ceased fraction of the population. There 
are, however, those who assume that dur-
ing a crisis the number of deaths has in-
creased by 1.5 up to 3 times in comparison 
to the monthly or yearly moving average 
for the period directly preceding the crisis. 
The moving average is calculated for the 
period of 9 to 25 years, sometimes discard-
ing up to 4 extreme values. The calcula-
tion of the moving average may, at times, 
include periods preceding and following 
the alleged crisis year (Appleby 1978; 
Edvinsson 2015; Schofield 1972; Hoch 
1998; Kuklo 2009; Hinde 2010; Turner 
1973; Humphreys 1987; Lebrun 1977).

The main aim of our research was to 
indicate and identify demographic crises 
and/or revivals occurring in the 19th cen-
tury among the catholic rural population 
in North-Eastern Poland and to suggest 
a  classification allowing the assessment 
of the magnitude of those events. 

The identification of crises was per-
formed with investigating their under-
lining causes such as epidemics, wars or 
others. The identification and the eval-
uation of intensity was carried out ac-
cording to Jaques Dupȃquier (Dupâquier 
1979), Pierre Goubert (Goubert 1968) 
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and with the use of the Standardised De-
mographic Dynamics Rate (SDDR). 

The results obtained from the analysis 
of data concerning the residents of Kowal 
parish in the 19th century were set against 
the information about events causing 
a sudden growth in mortality in the local 
population derived from the widely-acces-
sible literature (Dziki 2007b; 2007a; Re-
jmanowski 2001; Siudikas 1998; Wrębiak 
2010; Korpalska 2011; Evans 1988; 
Puzyrewski 1899; Budnik 2008; Dorobek 
1979; Winkle 1999; Włodarczyk 1998; 
Zasada 2006; Drozd-Lipińska, Bartczak, 
and Dziki 2021a; Dziki 2021) as well as 
the archives. 

Material and methods

Historical Background
Kowal is a  small town in the Eastern 
Kujawy region whose written histori-
cal records date back at least to the 12th 

century (Głowacki 2007). The people of 
the town itself, as well as that of the sur-
rounding villages included in the parish 
(Fig. 1), largely lived off the land or, less 
frequently, craftsmanship (Gruszczyńska 
and Poraziński 2002; Dziki 2007a; 2021; 
Drozd-Lipińska 2021; Drozd-Lipińska, 
Bartczak, and Dziki 2021a). 

Historical forces of the 19th-century 
Europe turned the commune of Kow-
al into a part of the Russian empire on 
the territory of the Kingdom of Poland 
(Zasada 2007; 2006). The harrowing po-
litical situation, combined with contri-
butions regularly imposed on villages for 
the sake of marching armies, resulted in 
a profound economic crisis (Dziki 2007a; 
2021). The situation of Kowal was fur-
ther aggravated by its less-than-favour-
able location in relation to the existing 
communications network and the neigh-
bourhood of the dynamically developing 
industrial centre – the city of Włocławek. 

Fig. 1. Map of 19th of Kowal Parish
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Consequently, the parish missed out on 
the benefits potentially flowing from 
the 19th-century industrial revolution 
(Dziki 2007a; 2021; Drozd-Lipińska, 
Bartczak, Dziki 2021a). Moreover, the 
1869 administrative reform, depriving 
the town of its borough rights for nearly 
half a century, significantly worsened its 
economic position (Zasada 2006; Dziki 
2007a; 2021; Drozd-Lipińska, Bartczak, 
Dziki 2021a). Given the above, it seems 
justified to categorise Kowal and the 
neighbouring villages scattered around 
the area of approx. 18 km as a “typical” 
agricultural area.

Data
The analysis was based on data obtained 
from record books kept by the Włocławek 
Branch of the National Archive in Toruń. 
The annual records from Kowal parish 
written in Polish or Russian contain in-
formation on christenings, deaths and 
weddings reported in the parish during 
a  given year and provide an exact date 
of the event. On this basis, the informa-
tion was gathered about 20124 births 
and 12971 deaths of the parishioners 
in 35 settlings, towns and villages in 
the parish of Kowal which happened 
in the period 1813–1909 (Table 1).  

Table 1. Number of births and deaths in Kowal Parish in 1813–1909 

Year Births Deaths Year Births Deaths Year Births Deaths Year Births Deaths

1813 116 77 1837 178 152 1861 174 86 1887 256 174

1814 146 72 1838 159 100 1862 217 140 1888 256 153

1815 128 44 1839 163 82 1863 228 140 1889 248 179

1816 131 97 1840 146 95 1864 223 126 1890 282 188

1817 138 91 1841 161 106 1865 239 101 1891 246 227

1818 165 73 1842 177 101 1866 254 94 1892 245 206

1819 149 70 1843 182 143 1867 242 103 1893 282 255

1820 168 64 1844 163 105 1868 200 122 1894 283 202

1821 177 73 1845 205 77 1869 236 95 1895 264 125

1822 189 93 1846 163 141 1870 232 90 1896 280 100

1823 181 73 1847 160 166 1871 220 96 1897 295 145

1824 182 134 1848 132 162 1872 230 94 1898 292 136

1825 190 104 1849 155 128 1873 235 117 1899 261 249

1826 206 99 1850 189 101 1874 209 142 1900 323 208

1827 160 112 1851 160 83 1875 238 101 1901 276 180

1828 165 149 1852 149 334 1876 219 102 1902 298 179

1829 166 145 1853 178 155 1879 236 187 1903 306 188

1830 143 148 1854 145 167 1880 245 117 1904 293 146

1831 130 215 1855 110 191 1881 224 119 1905 272 138

1832 99 173 1856 151 137 1882 247 158 1906 275 162

1833 181 90 1857 171 154 1883 228 250 1907 283 134

1834 169 61 1858 174 140 1884 249 118 1908 273 150

1835 175 110 1859 214 120 1885 249 122 1909 284 178

1836 155 101 1860 164 77 1886 253 161 Sum 20 124 12 971
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Moreover, the population size was estab-
lished based on data from catholic direc-
toriums kept in Dioecesan Archive in 
Włocławek. Then the mortality rate was 
calculated (Fig. 2). 

Fig. 2. Values of crude death rates [‰] for Kowal 
Parish (1813–1909)

The credibility of historical records, 
and thus their usefulness for our anal-
ysis, was tested by making a  reference 
to findings made by Polish and French 
researchers (Gieysztorowa 1976; Gou-
bert 1960), according to which the per-
centage of newborn deaths for the period 
concerned ought to stand at 30% of the 
total mortality rate. Following the com-
monly agreed opinion (Sułowski 1962; 
Kaczmarski 1967; Budnik 2005; Gieysz-
torowa 1976; Kuklo 2009), that register 
books of marriages were among the most 
diligently maintained record books, indi-
cators relating the number of births to the 
number of marriages as well as the num-
ber of deaths to the number marriages 
were calculated. It was assumed that the 
ratio of the number of births to the num-
ber of marriages (B/M) of 5.0 and that of 
the number of deaths to the number of 
marriages (D/M) of 3.0 proved the correct 
and conscientious maintenance of the 
records, thus enabling further process-
ing of the data obtained (Gieysztorowa 
1962; 1976; Sułowski 1962; Kuklo 2009; 
Kaczmarski 1967; Budnik 2005).

Methodology Description
The analysis made use of the formula, 
put forward by J.L. Dupâquier (Dupâqui-
er 1979), makes it possible to classify the 
intensity of a crisis using the number of 
deaths, the average value and the stand-
ard deviation. According to the assump-
tion, the calculated intensity index fall-
ing into intervals 1–2 stands for a minor 
crises and the subsequent intervals stand 
formoderate (2–4), high (4–8), major 
(8–16), super crises (16–32) and catastro-
phes (32+). 

Next, according to Goubert (Goubert 
1968), the moment in which the num-
ber of deaths has increased twofold dur-
ing the year regarded as the crisis one in 
comparison to the preceding 12 months, 
and the number of conceptions has de-
creased by 1/3, was regarded to be the on-
set of a crisis.

The last method was the determina-
tion the level of balancing the number of 
births to the number of deaths – the De-
mographic Dynamics Rate (DDR) – (Hol-
zer 2003) for every year. The assumption 
about the normal character of the ana-
lysed yearly and monthly series of the 
DDR was statistically verified with the 
Shapiro–Wilk test (Shapiro, Wilk 1965; 
Razali, Wah 2011) typically used to prove 
a hypothesis that a given sample comes 
from a normal distribution. The analysis 
was performed on the level of statistical 
significance α = 0.05. It is frequently 
stated that one of the basic requirements 
for particular models to be applicable is 
the normality of the series of data (Sa-
kia 1992; Ajdacic-Gross et al. 2006). The 
series of demographic data do not tend 
to have the normal distribution and, as 
such, they are subject to log transforma-
tion, frequently with disputable results 
(Shang 2015). Bishai and Opuni (Bishai, 
Opuni 2009) highlighted the importance 
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of selection of an appropriate method 
of data transformation for the research 
involving the comparison of various de-
mographic indices. Similarly, H. Booth 
(Hyndman and Booth 2008), followed 
by H.L. Shang (Shang 2015), argued that 
a correctly chosen transformation is pre-
requisite for correct modelling and pre-
dicting various demographic parameters 
and occurrences. 

Therefore all the analysed series 
were normalised and the values of in-
dicators (x) were next subjected to the 
Box-Cox transformation (Box and Cox 
1964; 1982; Bartczak, Glazik, Tyszkow-
ski 2014). With the use of the transfor-
mation the skewness of the distribution 
pattern was eliminated and so were other 
difficult-to-analyse properties. Selected 
transformations of the series of month-
ly values are depicted graphically on the 
Quantile-Quantile plot (Fig. 3). The effec-
tiveness of the transformation was sub-
sequently re-tested by Shapiro-Wilk test. 
It is worth mentioning that value  1  of 
the DDR after the transformation, disre-

garding the λ parameter, takes the value 
of 0. The applied standardisation process 
enables the comparison of a number of 
series characterised by various input 
data – both in respect of their scale and 
the unit of measurement. All the above 
considerations concerning the properties 
of the normal distribution were used for 
the sake of classification of the calculated 
demographic dynamics rates and using 
them to evaluate the intensity of mortal-
ity crises. 

The probability of occurrence of 
a  particular value of the Standardised 
Demographic Dynamic Rate (the area 
under the density curve of the normal 
distribution) was used as the basis for 
classification (Table 2). It was assumed 
that a crisis year was defined by the val-
ue below or equal to -0.61 (differenti-
ating between crises classified as “Very 
–“, “Anomalous –“ and “Extreme-“). 
Values of -0.61 to 0.61 stand for the 
years in which neither positive nor neg-
ative factors influencing the population 
reproduction process were observed  

Fig. 3. Q-Q plot for the normal distribution of selected series of monthly demographic dynamics index for 
Kowal Parish (1813–1909) before and after Box-Cox transformation
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(such factors either did not appear or 
they were mutually offset). Following 
the normalisation and standardisation 
procedure, the variability of indicators 
(Standardised Demographic Dynamics 
Rate – SDDR) in time was depicted with 
the use of a  moving trend (segment, 
crawling). Next, the structural param-
eters of the function were estimated 
for each segment. The number of seg-
ments in one series is n-k+1 and the 
linear functions for each segment are 
as follows:ŷ1 = a1 + b1t for 1 ≤ t ≤ k ;  
ŷ2 = a2 + b2t for 2 ≤ t ≤ k+1; ............. ; 
ŷn-k+1 = an-k+1 + bn-k+1t for n-k+1 ≤ t ≤ n. 
The analysis was performed for the con-
stant k = 15 years. All calculations were 
performed using the analytics software 
package Statistica 13.3.

Results

Dupȃquier’s Crises Intensity Ratio 
(DCIR) was enabled to identified twelve 
years of minor, eight years of formoder-
ate and two years of high crises. In nine 
years DCIR reached values between -2 
to – 1 (1833, 1834, 1839, 1850, 1851, 
1860, 1866, 1895, 1907) and once yearly 
value was below -2 (1896) (Fig. 4). 

Fig. 4. Values of Dupâquier’s Crises Intensity Ratio 
for Kowal Parish (1813–1909)

Research procedure based on Goubert 
method allowed to identify only two cri-
ses years – 1816 and 1852.

In the third method (SDDR), based 
on yearly (Fig. 5) and monthly (homog-
enous) (Fig. 6) demographic dynamics 
ratio values, the distribution of most se-
ries of monthly indicators was brought 
to normality by means of the Box-Cox 
transformation. The Table 2 presents 
the obtained values of the parameter λ 
necessary for appropriate selection of the 
function transforming the series. Final-
ly, 27 years of crises mortality have been 
identified for the population of Kowal 
(17 “Very –“; 6 “Anomalous –“; 4 “Ex-
treme-“:) (Fig. 5, Table 3). 

Table 2. The classification of the probability of the frequency of the occurrence of a value in SDDR

Classification Times the standard deviation from the mean Probability [%]

Extreme+ ≥1.97 2.5

Anomalous+ 1.15 ÷ 1.96 10

Very+ 0.61 ÷ 1.14 15

Normal 0.60 ÷ -0.60 45

Very- -0.61 ÷ -1.14 15

Anomalous- -1.15 ÷ -1.96 10

Extreme- ≤-1.97 2.5

Source: Own study.
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Fig. 5. Values and trend of Standarised Demografic 
Dynamic Ratio for Kowal Parish (1813–1909)

Fig. 6. Values of the monthly Standarised Demographic Dynamics Ratio (SDDR) for Kowal Parish (1813–1909)
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Table 3. Values of λ parameter for the monthly and yearly Demographic Dynamics Ratio for Kowal Parish 
(1813–1909)

Month I II III IV V VI VII VIII IX X XI XII I-XII

λ 0.2 0.0 0.3 -0.1 0.0 -0.2 -0.1 0.2 0.2 0.0 -0.2 0.0 0.9

Source: Own study.

The multi-year span which was in-
vestigated revealed a  few long-lasting 
harrowing periods for the local popula-
tion (Table 4). The first one, recorded in 
Twenties of the 19th century (as 1822, 
1824, 1827–1832 according to DCIR 
and 1824 and 1828–1832 and 1837 ac-
cording to SDDR), seems to have been an 
upshot of a  harsh economic and politi-
cal situation prevailing in the region fol-
lowing the outbreak of the anti-Russian 
uprising in November 1830, which en-
gulfed the Kowal parish. A thorough in-
vestigation of historical sources suggests 
a direct link between extremely high/low 
values of the ratios, particularly in 1831 
(annual number of births = 130; annual 
number of deaths = 215; DCIR = 3.45; 
SDDR = -2.07;) and 1832 (annual num-
ber of births = 99; annual number of 
deaths = 173; SDDR = -2.13) and a chol-
era epidemic (1831–1832) which broke 
out after Russian troops had been sent 

into the region in order to supress the 
uprising (Puzyrewski 1899; Włodarczyk 
1998). This period was proceeded by one 
crisis year – 1816 (identified according to 
all three methods), year after Napoleon’s 
defeat, when soldiers was marched back 
from France to Russland through Ku-
javy Land (Dziki 2018; Drozd-Lipińska, 
Bartczak, and Dziki 2021a; 2021b) and 
after the Fourth Partition of Poland. 

The second long-lasting period of 
low reproduction rate was recorded 
in Forties-Fifties of the 19th century 
(1843, 1846–1848 and 1852 according 
to DCIR; 1843, 1846–1849, 1852–1858 
according to SDDR, 1852 according to 
Goubert), which must have been an af-
termath of the situation in place in the 
mid-1840s (food crisis triggered by fail-
ing harvest and mass damage to potato 
plantations) (Myszczyszyn 2013) which 
preceded the outbreak of the 1848 chol-
era epidemic (Włodarczyk 1998) and 

Table 4. Classification of crises mortality and demographic revivals in Kowal Parish (1813–1909) (SDDR 
method)

Classification Times the standard deviation 
from the mean Number of occurrences

Extreme+ ≥1.97 2

Anomalous+ 1.15 ÷ 1.96 12

Very+ 0.61 ÷ 1.14 16

Normal 0.60 ÷ -0.60 40

Very- -0.61 ÷ -1.14 17

Anomalous - -1.15 ÷ -1.96 6

Extreme- ≤ -1.97 4

Source: Own study.
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then another wave of the disease that 
decimated the population of Kujawy in 
1852 (Rejmanowski 2001; Włodarczyk 
1998). The latter sparked the third suc-
cessive ”High” /“Extreme-“ demograph-
ic crisis and an increase in the value 
of the DCIR to 6.72 and a drop in the 
value of the SDDR to -2.39 in 1852 (an-
nual number of births = 149; annual 
number of deaths = 334), the highest/
lowest level recorded in the researched 
period. The next evident “Extreme-“ 
demographic crisis according to SDDR 
method was recorded in 1855 (SDDR 
= -2.13; annual number of births = 
110; annual number of deaths = 191) 
and, again, it is tied with the appear-
ance of cholera in the area (unidenti-
fied by DCIR or Goubert’s method) 
(Włodarczyk 1998).

The two last long-lasting mortal-
ity crises periods were observed in the 
late 19th century. Seventies (1874 and 
1878–79 according to DCIR and 1878–
19 according to SDDD) and Nineties (re-
spectively: 1891, 1893, 1899 and 1891–
1893, 1899) were unfavourable, but it 
must be noted that the late 19th century 
manifests a universal tendency to short-
en the negatively-marked periods and to 
diminish the intensity of their negative 
impact on the population (Fig. 4–6). 
This may have been caused by the weak-
ening impact of epidemics on the level 
of mortality owing to improved sanita-
tion and fast-developing medicine. The 
moving trend for the decade (based on 
SDDR values) suggests the occurrence of 
several adverse factors, yet successfully 
offset by various social phenomena like 
the population migration (Szczechowicz 
2013; Jura 2002). 

At this stage of research it is not pos-
sible to connect sudden increase of DCIR 
value in 1878 (DCIR = 4.42) and 1910 

(DCIR = 2.35) with specific historical or 
economic event, while increase/decrease 
of ratios values in 1883 (DCIR = 3.68; 
SDDR = -1.46) should be a consequence 
of some kind of epidemic, as described 
before (Drozd-Lipińska, Klugier, Kamiń-
ska-Czakłosz 2015). 

While analysing the distribution of 
the SDDR in an annual cycle (Fig. 6), 
one is prone to observe that events hav-
ing an adverse impact on the population 
do not display any seasonal character 
lasting up to several months. An exam-
ple of such an event is the demographic 
crisis which started in September 1829 
and did not finish until July 1832, dur-
ing which period the SDDR stood at 
the level below -2.00 for as many as 
11 months. July 1830 and April 1832 
marked the moments of the most severe 
crisis with the SDDR of -3.24 (monthly 
number of births = 3; monthly num-
ber of deaths = 12) and -3.05 (monthly 
number of births = 7; monthly number 
of deaths = 26) respectively. The situ-
ation was largely repeated in 1854 and 
1855 with very low monthly values of 
the indicator, though the relation of 
births to deaths was not as dramatical-
ly negative as it had been two decades 
before. The distribution of the indicator 
in the yearly cycle took a very interest-
ing form in 1852. During the first six 
months of the year the ratio of births 
to deaths remained in the positive area 
with the peak value of the SDDR of 1.85 
in April. On the other hand, the period 
from July to October was an extremely 
unfavourable time for the investigated 
population with the bottom value of 
the SDDR of 3.37 observed in August 
1852 (monthly number of births = 11; 
monthly number of deaths = 210), 
which was the lowest level for the whole 
period included in the research. 
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Table 5. Years of crises mortality in Kowal Parish (1813–1909)

Year DCIR SDDR Goubert

1816 Minor Very - +

1822 Minor

1824 Formoderate Very -

1827 Minor

1828 Formoderate Very -

1829 Minor Very -

1830 Minor Anomalous -

1831 Formoderate Extreme -

1832 Minor Extreme -

1837 Very -

1843 Minor Very -

1846 Minor Very -

1847 Formoderate Anomalous -

1848 Minor Anomalous -

1849 Very -

1852 High Extreme - +

1853 Very -

1854 Anomalous -

1855 Extreme -

1856 Very -

1857 Very -

1858 Very -

1874 Formoderate

1878 High Very -

1879 Formoderate Very -

1883 Formoderate Anomalous -

1891 Minor Very -

1892 Very -

1893 Minor Very -

1899 Minor Anomalous -

1910 Formoderate

Discussion

Illnesses of endemic or epidemic char-
acter used to be among the most signifi-
cant regulators of the natural population 
movement in the pre-industrial era. Their 
kind and frequency of appearance evolved 

throughout centuries following cultural 
transformations. The transformations of 
the social patterns of health and illness 
characteristic of subsequent historical 
periods are known, after A.  R. Omran 
(Omran 1971), as “epidemiological tran-
sitions”. The 19th century saw a gradual 
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decrease in infectious disease mortality 
and, at the same time, an increase in the 
number of deaths resulting from civiliza-
tion illnesses and other external reasons 
which became the main cause of deaths. 
Waves of epidemics which had haunted 
Europe for centuries, now gave way to 
chronic and degenerative diseases related 
to the ageing population. Growing indus-
trialisation brought about civilisation dis-
eases, allergies and depression (Gagnon 
2012). This change, known as the sec-
ond epidemiological transition, was first 
observed in Sweden, England and Wales, 
Germany, France and Italy in the mid-19th 
century and is directly associated with 
the ongoing industrial revolution, tech-
nological development, improved sanita-
tion and progress in medicine (Barrett et 
al. 1998; Omran 1971). The area of mod-
ern Poland did not experience this transi-
tion until later time when, as suggested 
by A. Budnik in her research on Greater 
Poland (Budnik 2008), rapid industri-
alisation process took place in Poznań 
area in the period 1875–1880. The rural 
populations of Greater Poland waited for 
this same transition for two decades un-
til the late 19th century (1896–1900) as 
was the case with Kujawy region. The 
present research indicates that the onset 
of the transition in this area fell on the 
last five years of the 19th century when 
the epidemics, which had regularly dec-
imated the population, suddenly stopped 
being the main factor shaping the mor-
tality patterns. Interestingly, then, the 
second epidemiological transition in the 
rural community of Kujawy was not de-
layed by the economic underdevelopment 
of the region resulting from specific polit-
ical, economic and social conditioning of 
this part of the Russian partition (Dziki 
2007b; 2021; Drozd-Lipińska, Bartczak, 
Dziki 2021b; 2021a).

The period directly preceding the sec-
ond epidemiological transition was the 
time of many sudden increases in the 
number of deathsfalling into the catego-
ry of demographic crises. The methods 
described earlier in the article enable re-
searchers to identify them in a  relative-
ly precise manner without investigating 
their root causes (Miodunka 2013; Hin-
de 2010; Kuklo 2009; Appleby 1978; 
Edvinsson 2015; Turner 1973; Schofield 
1972; Hoch 1998; Humphreys 1987; 
Lebrun 1977). A  further analysis of 
sources other than record books – annu-
als, diaries, letters, legal documents, or 
later, daily press, makes it possible to tie 
the periods of increased mortality with 
epidemic episodes, climatic phenome-
na or historical events (Sawchuk et al. 
2013), sometimes also offering a chance 
to capture the phenomenon of social se-
lectivity (SES) which may have resulted 
in differing rates of mortality between ru-
ral and urban communities, or between 
various social classes (Healey 2008; Bres-
chi, Manfredini, Fornasin 2011).

Most of the identified 19th-century de-
mographic crises were triggered by Asian 
cholera whose recurrent waves decimat-
ed the population of Europe since 1817 
(Smith 1978; Straszak-Chandoha 2008; 
2013; Rüttimann and Loesch 2012). 
All of the 5 (in 1817–1823; 1826–1837; 
1846–1862; 1864–1875, 1883–1896 (Siu-
dikas 1998) or in 1817–1823; 1826–1837; 
1841–1862; 1864–1875; 1882–1896 
(Winkle 1999)) or 6 (in 1817–1823; 1826–
1837; 1842–1859; 1863–1875; 1881–
1896; 1899–1923 (Evans 1988)) strikes 
of epidemics would decrease the number 
of marriages due to a natural tendency to 
postpone vital decisions for better times. 
Initially, the number of births dropped, 
yet the number of conceptions went up 
periodically at the peak moments of an 
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epidemic, which may have been a  result 
of tightening family bonds in harsh times 
(Kuklo 2009; Miodunka 2013). Owing 
to this mechanism, at the final stages 
of an epidemic an increased number of 
christenings were often recorded, though 
it was not a rule. Cholera epidemics ob-
served and recorded in Poland (Czapliński 
2012; Berner 2008; Budnik, Liczbińska 
1997; Liczbińska, Sosinko, Budnik 2007; 
Liczbińska 2009; 2013; Piasecki 1990; 
Wrębiak 2010; Rejmanowski 2001; Kor-
palska 2011; Dorobek 1979; Włodarczyk 
1998) perfectly correspond to demograph-
ic crises which occurred in 1831–1832, 
1848 and 1852 on a given area. 

Sources suggest a correlation between 
the growth in the number of deaths, 
a  decline in the number of marriag-
es and conceptions and an increase in 
grain prices or the periods of food crises 
(Appleby 1973; Nelson 1991; Miodun-
ka 2013; Humphreys 1987). Historical-
ly, epidemic diseases would frequently 
strike following periods of famine when 
the levels of immunity in the population 
was greatly lowered (Kuklo 2009; Gieysz-
torowa 1976; Lebrun 1977). 

Negative environmental factors are 
reflected in historical sources especial-
ly in relations to the 1840s and the late 
1870s. During the first crisis period of 
1828–1832 the population of the parish 
of Kowal most probably failed to resist 
the negative influence of economic hard-
ships and resulting famine, which led to 
an increased number of deaths combined 
with a decreased number of conceptions. 
Simultaneously, the weakened popu-
lation became more susceptible to the 
upcoming waves of epidemics brought 
by the Russian troops in 1831 and still 
decimating the population of Kujawy in 
the following year (Puzyrewski 1899; 
Włodarczyk 1998).

Similarly, negative events of econom-
ic character (food crisis of the mid-1840s 
caused by failing harvest and wide-
spread damage to potato plantations) 
(Myszczyszyn 2013) scarred the popu-
lation of Kowal for the whole period of 
1846-1857 marked by three waves of 
cholera epidemics in 1848 (Włodarczyk 
1998), 1852 and 1855 when another de-
mographic crisis appeared (Rejmanowski 
2001; Włodarczyk 1998).

Conclusions

The article was an attempt to identify 
and evaluate the intensity of demograph-
ic crises occurring among the catholic ru-
ral population in the 19th century. Identi-
fication and evaluation of mortality crises 
in Polish population was carried, thus far, 
for Gdansk, Warsaw, Poznan and Gubin 
(17th–18th Centuries) (Guzowski, Kuklo, 
Poniat 2016; Kuklo 2009). Guzowski 
et al. (Guzowski, Kuklo, and Poniat 2016) 
mentioned, that Dupȃquier’s method 
works better for years when epidemics 
and plagues have occurred at significant 
intervals. Otherwise, the high number of 
deaths in previous years overestimates 
the average. Furthermore DCIR values 
are based only on number of deaths and 
could falsify results during rapid increase 
in the population size. Hence it seems 
that Standardised Demographic Dynam-
ics Rate, based both deaths and births 
numbers, could be the better method to 
crises identification. 

Goubert’s method, because of its poor 
sensitivity, turned out to be the least use-
ful for crises identification in such small, 
rural population.

Standardised indices are widely used 
to identify and evaluate the level of in-
tensity of events also in other fields of 
natural sciences such as climatology 
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(McKee, Doesken, Kleist 1993; Guttman 
1999; Karavitis et al. 2011; Łabędzki 
2007; Bonaccorso et al. 2003) or hydrol-
ogy (Bartczak, Glazik, and Tyszkowski 
2014). Standardised index in demogra-
phy, based on births and deaths numbers, 
provides information about the condition 
of a population, disregarding the size of 
the group. Nevertheless, only by combin-
ing the statistically obtained data with 
the information derived from written re-
cords is it possible to attempt to answer 
the question of the possible root cause of 
a demographic crisis. 
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A life on horseback? Prevalence and correlation 
of metric and non-metric traits of  
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AbstrAct: Musculoskeletal stress markers allow the reconstruction of occupational and habitual activity 
patterns in historical populations. The so-called horse-riding syndrome summarizes several musculoskeletal 
markers which are commonly interpreted as indicators of habitual horse riding. The individual symptoms of 
the horse-riding syndrome, however, are still critically discussed. The skeletal remains of mounted warriors 
are especially suited for the analysis of skeletal markers commonly associated with a  life on horseback. 
According to historical sources, early medieval Avar warriors were highly skilled in mounted archery and 
other types of mounted combat. An “equestrian lifestyle”, with many hours per day spent on horseback, was 
presumably a precondition for this. Hence, the historical and archaeological context of the human osteological 
material examined in this study is a particular asset for analyzing the so-called “horse-riding syndrome”.

The aim of this study is to contribute to methodological research on the “horse-riding syndrome”, by 
testing possible associations between different characteristics of this syndrome within the adult population 
of the Avar cemetery Csokorgasse (7th-8th century AD) from Vienna, Eastern Austria. 149 Avar adult 
individuals (72 females and 77 males) were included in the study. Poirier´s facets, cribiform changes, 
plaque, as well as five qualitative traits of the Os coxae and the lower limb bones, the index of ovalization 
of the acetabulum (IOA), and the entheses robusticity score (ERS) were determined. 

Males and females differed significantly in the prevalence of Poirier´s facets, cribriform changes, and gluteal 
entheses. Furthermore, males showed significantly higher IOAs and ERS than females. Significantly positive 
associations between quantitative and qualitative traits of the horse-riding syndrome could be documented. 
Poirier´s facets, pronounced gluteal entheses, the index of ovalization of the acetabulum (IOA), and the 
entheses robusticity score were significantly related independent of sex and age. From the results of the present 
study we can conclude, that the association patterns between three major characteristics of the “horse-riding 
syndrome”, i.e. “Poiriers Facet” on the proximal femur, ovalization (vertical elongation) of the acetabulum, 
and pronounced entheses on the bony pelvis and the lower limb bones – typical markers of the “horse-riding 
syndrome” - may indeed be a valid set of traits for detecting habitual horse riders in archaeological contexts. 

Key words: horse-riding syndrome, life on horseback, Avar warriors, Poirier´s facets, entheses robusticity
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Introduction

During the last decades, interest in the 
analysis of association patterns between 
occupational or habitual activity and 
the occurrence of musculoskeletal stress 
markers in historical populations has in-
creased steadily (Palfi & Dutour 1996; 
Pany-Kucera et al. 2008; Villotte et al. 
2010; Havelkova et al. 2011), although, 
from a methodological point of view, the 
interpretation of such traits is still diffi-
cult (Jurmain et al. 2012). A typical activ-
ity pattern that might result in manifest 
skeletal markers is horse-riding because 
it is an activity for which Homo sapiens 
is not really adapted. Horse riding and 
spending a  lot of time on horseback has 
a long tradition, especially in Eurasia. The 
prerequisite for horseback riding, was the 
domestication of the horse. Archeologi-
cal evidence associated the earliest horse 
domestication with the Botai culture of 
northern Kazakhstan around 3500 BC 
(Outram et al. 2009). Recent DNA anal-
yses, however, falsified the assumption 
that this prehistoric breed is the ances-
tor of all recent horses, and therefore it is 
still controversially discussed when and 
wherein Eurasia the earliest horse domes-
tication took place (Li et al. 2020; Taylor, 
Barron-Ortiz 2021; Librado et al. 2021). 
Despite these ongoing debates, there is no 
doubt that the domestication of the horse 
(Equus caballus) had an enormous impact 
on human cultural evolution, subsistence, 
economy, mobility warfare, and social or-
ganization (Anthony 2007). Horses and 
first of all horse riding changed the human 
lifestyle substantially and accelerated hu-
man migration and cultural interactions 
across huge distances. People learned to 
spend many hours per day on horseback, 
a behavior that brought many cultural and 
economic advantages for humans, but 

also led to painful pathological changes 
in the musculoskeletal system of horses 
and riders. Several studies described the 
pathological manifestations of horse rid-
ing on the skeletons of horses (Bulatovic 
et al. 2014; Pluskowski et al. 2010; Taylor 
et al. 2015). The impact of life on horse-
back for humans and the identification of 
skeletal markers indicating habitual horse 
riding among humans however are still 
discussed controversially. Several patholo-
gical conditions such as fractures associa-
ted with falls from the horse, coxarthrosis, 
schmorl´s nodes, osteoarthritis of the spi-
ne and the upper and lower limb bones, 
enthesopathy but also non-pathological 
joint changes, and pronounced muscle 
marks or entheses have been associated 
with habitual horse riding (Palfi 1992; Ba-
gagli et al. 2012; Baillif-Ducos et al. 2012; 
Khudaverdyan et al. 2016; Pany-Kucera, 
Willtschke-Schrotta 2017; Fornaciari et al. 
2014; Anđelinović et al. 2015).

For more than 20 years the so-called 
“horse-riding syndrome” which com-
prises a number of traits on the human 
skeleton that are discussed as indicators 
that the individual in question practiced 
horse riding as a habitual lifetime activity 
(Anđelinović et al. 2015; Baillif-Ducros, 
McGlynn 2013; Berthon et al. 2019; 
Belcastro et al. 2001). The majority of 
these traits are non-metric, such as the 
so-called “Poirier’s Facet”, plaque, cribri-
form changes of the femoral neck, pro-
nounced entheses of the upper limbs, and 
the Os coxae (Radi et al. 2013; Lawrence 
et al. 2018), spinal changes, coxarthrosis, 
but also traumatic lesions and fractures 
of the limb bones, thorax, shoulder gir-
dle or the skull (Anđelinović et al. 2015; 
Bagagli et al. 2012; Bailif-Ducros 2012; 
Baillif-Ducros, McGlynn 2013; Belcastro 
et al. 2001). Berthon et al. (2019) devel-
oped the “Index of Ovalization of Acetab-
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ulum (IOA)”, a useful tool for quantify-
ing one of the major characteristics of the 
“horse-riding syndrome”: The vertical 
elongation (i.e. ovalization) of the acetab-
ulum. In addition, Berthon et al. (2019) 
analyzed and discussed the usefulness of 
entheseal changes as indicators of horse-
back riding. However, entheseal changes 
differ between age groups and the sexes 
and might be the results of pathologies 
such as traumata, metabolic diseases, or 
inflammatory processes (Jurmain et al. 
2012) Therefore, the interpretation of 
entheseal changes as indicators of habit-
ual riding is quite bold. 

The identification of valid indicators of 
habitual horse riding is of great bioarchae-
ological and historical interest. Hence, we 
aim to contribute to this ongoing method-
ological research, by analyzing the associ-
ation patterns between entheseal changes 
of the lower limbs and the Os coxae in rela-
tion to other non-metric and metric traits 
frequently used as indicators of habitual 
horse-riding, within the adult population 
of the early medieval (7th–8th century AD) 
Avar cemetery Vienna-Csokorgasse from 
Eastern Austria. 

The Avar mounted warriors

The Avars, a  nomadic tribal confedera-
tion originating in Inner or Central Asia, 
ruled over the entire Carpathian Basin 
from the year 568 AD, when their al-
lies, the Lombards, migrated to Italy, to 
around 800 AD, when Charlemagne’s 
Frankish armies destroyed the Avar Em-
pire (Anke et al. 2008; Daim 2003; Pohl 
1988). The majority of the archaeological 
evidence from the Avar period, including 
the earliest Avar burials from the end of 
the 6th or the beginning of the 7th century 
AD, was found in present-day Hungary. 
However, Avar burials were also found in 

present-day Slovakia, Romania, Croatia, 
Serbia, the Czech Republic and the East-
ern part of present-day Austria, where 
several large Avar burial grounds such 
as Leobersdorf (Grefen-Peters 1987), Vi-
enna-Csokorgasse (Grossschmidt 1990), 
Münchendorf (Berner et al. 1992), Zil-
lingtal (Herold 2011), or Vösendorf (Pa-
ny-Kucera, Willtschke-Schrotta 2017) 
have been excavated. In this paper, we fo-
cused on the human skeletal remains of 
the burial ground Vienna-Csokorgasse, 
which was used during the entire period 
of Avar settlement in present-day Eastern 
Austria – from at least the mid-7th cen-
tury until the end of the 8th century AD. 

Previous research (Hyland 1994; Bede 
2012; Baron 2018; Anke et al. 2008; 
Daim 2003) has demonstrated that hors-
es were an important aspect of life in the 
Avar Empire. According to the historical 
sources (for example the Byzantine mili-
tary handbook “Strategikon”; see Dennis 
1984; Hyland 1994), the Avars, at least in 
the initial period of their history, were not 
only equestrian nomads but also accom-
plished mounted warriors. Avar warriors’ 
outstanding skills in mounted archery, 
but also in fighting alternately with dif-
ferent weapons from horseback, appear 
to have been a major cause of their mili-
tary success, especially when they first ar-
rived in Europe in the late sixth and early 
seventh century AD. The archaeological 
evidence (more than 60,000 Avar-period 
burials from Central and Eastern Europe, 
but only few excavated settlement sites; 
Anke et al. 2008) supports this view, al-
though it is clear that the Avar Empire 
was extremely diverse regarding the cul-
tural and ethnic background, as well as 
the subsistence strategies and ways of life, 
of its population. A considerable propor-
tion of men’s burials in Avar cemeteries 
includes weapons (arrowheads, remains 
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of compound bows, lance-heads, sabers, 
swords, axes) as grave goods. Significantly, 
the phenomenon of horse-human buri-
als and other rituals involving horses and 
horse tack as part of the burial custom in 
the Avar period is diverse, with considera-
ble regional and chronological differences, 
which appear to reflect a range of cultural 
traditions (Fedele 2020; Bede 2012; Baron 
2018; Anke et al. 2008). Throughout the 
Avar period, horse-human burials consti-
tute only a small, variable proportion of all 
Avar period burials (10% on average; see 
Bede 2012), which could suggest that this 
burial custom was reserved for high-status 
individuals. Similarly, the abundance of 
a wide range of valuable items of personal 
adornment and grave goods in horse-hu-
man burials may indicate that only mem-
bers of the Avar elite were buried with 
horses and/ or horse riding equipment 
(such as the metal components of horse 
tack). Significantly, stirrups also occur in 
horse-human burials, from the Early Avar 
Period (late 6th–early 7th century AD) on-
wards. Some researchers have suggested 
that Avar mounted warriors were the first 
“cavalry” that used stirrups on a  regular 
basis (Anke et al. 2008; Daim 2003) and 
that the Avars may have played an impor-
tant role in transmitting this innovation 
in early medieval Europe (Curta 2008; 
Csiky 2021). In principle, mounted com-
bat is possible without stirrups or saddle. 
However, the use of stirrups has several 
advantages, such as stabilization of the 
rider when fighting with a  lance, or in 
horseback archery: If the horseback archer 
stands up in the saddle using the stirrups, 
this can facilitate fast, precise shooting 
with a bow and arrow. In this context, it 
is not surprising that the Avar mounted 
warriors, with their outstanding skills in 
mounted archery, appear to have played 
a  major role in the transmission of this 

equestrian innovation in Eurasia (Curta 
2008; Csiky 2021). 

The aim of this paper is to contribute 
to the methodological discussion on the 
“horse-riding syndrome”, by examining 
whether specific morphological variations 
of the anterior femoral head-neck junction 
(“Poirier’s Facet”, “Plaque” and “Cribra”, 
according to Radi et al. (2013) and the 
index of ovalization of acetabulum IOA 
(Berthon et al. 2019) associate with other 
potential characteristics of the “horse-rid-
ing syndrome“. Avar populations are ide-
ally suited for methodological research on 
the skeletal indicators of horse-riding, be-
cause, due to the historical context, it is 
likely that Avar adult populations include 
a considerable number of individuals who 
had spent much time on horseback. 

The following hypotheses were tested: 
1) The index of ovalization of the 

acetabulum (IOA) is significantly higher 
for adults with a “Poiriers Facet“, plaque, 
cribriforme changes, pronounced gluteal 
entheses, a pronounced Linea aspera on 
the Os femoris, a curved Trochanter ma-
jor, exostosis (“spicules”) in the Fossa tro-
chanterica, exostosis (“spicules”) in the 
Fovea capitis and osteoarthritis on the 
upper outline of the patellar surface on 
the same side. 

2) The index of ovalization of the ace-
tabulum (IOA) correlates positively with the 
entheses robusticity scores of the lower limbs. 

Material & Methods

Sample
The sample for this study was tak-
en from the adult population of the 
Avar cemetery of Vienna-Csokorgasse 
(Großschmidt 1990): The early medieval 
burial ground Csokorgasse in Vienna is 
one of the largest cemeteries of the Avar 
period in present-day Austria, consisting 
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of 755 burials within 705 graves (Streinz 
1977; Streinz & Daim 2018). According 
to archeological and zooarcheological 
data, this Avar cemetery was in use from 
the second quarter of the 7th century AD 
(Early Avar Period 2) to the final Third of 
the 8th century (Late Avar Period 3). The 
latest phase of the cemetery includes four 
“equestrian burials” (Streinz 1977; Bar-
on 2018), where the deceased was buried 
with a  horse (including equipment for 
riding), and rich grave goods, including 
weapons (bow and arrow, sword, saber). 

In the present sample, all individuals 
of the age groups adult and older, with 
at least one proximal femur and one 
Os coxae (sufficiently well-preserved for 
scoring non-metric and metric traits), 
were included. The reason for focus-
ing exclusively on the age groups “adult 
and above” was the consideration that 
non-metric traits of the proximal femur, 
in particular, “Poirier’s Facet” could be 
observed best only if the epiphysis of the 
femoral head is already closed. 

The total sample consists of 149 indi-
viduals – 60 individuals with both prox-
imal femora well-preserved and 89 with 
either the left or the right proximal femur 
sufficiently well-preserved to record the 
traits in question. Approximately half of 
the 149 individuals in our sample were 
identified as female (n=72), the other as 
male (n=77). 

Sex and age determination
Sex and age at death of the individuals 
were estimated by a combination of var-
ious standard techniques (Phenice 1969; 
Meindl, Lovejoy 1985; Lovejoy 1985; 
Lovejoy et al. 1985; Brooks, Suchey 1990; 
Buikstra, Ubelaker 1994; White, Folkens 
2005). For details regarding methods ap-
plied to sex and age determination see 
Bühler and Kirchengast (2022a). In terms 

of chronology, the sample is evenly distrib-
uted, one third belongs to the early (625 
to 675 AD), middle (675 to 735 AD), and 
late phases (735 to 800AD) of the cem-
etery, respectively. For a detailed descrip-
tion see Bühler and Kirchengast (2022a).

Qualitative (non-metric) traits
As classical components of the horse-rid-
ing syndrome, „Poirier‘s facets“ (Anđeli-
nović et al. 2015), as well as associated 
traits, such as Allen‘s fossa/ cribriform 
changes, and plaque (Lawrence 2018; 
Radi 2013), were examined. For defini-
tions and scoring, we used the methods 
described by Radi et al. (2013). 

The following qualitative traits were 
scored as present or absent, according 
to the method described by Anđelinović 
et al. (2015): On Os femoris a pronounced 
Linea aspera, a  curved, pronounced Tro-
chanter major, exostosis in Fossa trochan-
terica, exostosis in Fovea capitis, and pro-
nounced entheses (of gluteal muscles) on 
Os coxae. According to Bailiff-Ducros and 
McGlynn (2013), we scored the presence 
of osteoarthritis on the upper outline of 
the patellar surface on Os femoris, as an 
indication of possible stirrup use.

Quantitative (metric) traits
To calculate the index of ovalization of 
acetabulum (IOA); according to Berthon 
et  al. (2018), the maximum vertical di-
ameter of acetabulum (VEAC) and the 
maximum horizontal diameter of acetab-
ulum (HOAC) were measured twice by 
one investigator (B.Bühler) in mm, to 1 
decimal using a digital caliper. The IOA 
is defined as VEAC/ HOAC and facili-
tates the detection of the “vertical elon-
gation of the acetabulum” (“Ovalization”) 
in quantitative terms. For a detailed de-
scription of reliability control, see Bühler 
and Kirchengast (2022a). 
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In addition, the entheses robusticity 
score was determined. Entheses robustic-
ity was scored according to Mariotti et al. 
(2007) for the 7 entheses of the lower limb 
on a scale of 0 (absence), 1 (weak), 2 (mod-
erate) to 3 (very pronounced): For each in-
dividual, the average entheses robusticity 
score was calculated from 7 entheses, sep-
arately for the left and right side. These 7 
entheses are 3 entheses per side on the fe-
mur (M. gluteus maximus, M. vastus me-
dialis, M. iliopsoas), 2 entheses per side on 
the tibia (Quadriceps tendon; M. soleus), 
1 enthesis per side on the patella (Quadri-
ceps tendon) and 1 enthesis per side on 
the calcaneus (Achilles tendon).

Statistical Analysis
Statistical analyses were performed using 
the SPSS program version 25.0. Although 
a normal distribution can be assumed for 
some metric parameters according to the 
results of the Kolmogorov-Smirnov test, 
mainly nonparametric tests were applied 
due to the small sample size. Group dif-
ferences were tested for statistical signif-

icance using Mann-Whitney U-tests and 
Kruskal-Wallis-tests. In addition, Spear-
man correlations, crosstabs, and multi-
ple regression analyses were computed.  
Results were considered significant when 
p = 0.05 and highly significant when 
p = 0.001. 

Results

Prevalence of non-metric traits 
Table 1 demonstrates the prevalence of 
qualitative traits according to sex for the 
left and the right side separately. Signifi-
cant sex differences could be proved for 
Poirier´s facets, cribriform changes, glu-
teal entheses, and osteoarthritis at the 
patella for both sides. With the exception 
of the curved Trochanter major, males 
showed always a  higher prevalence of 
the qualitative traits. The two quantita-
tive traits, IOA and Entheses robusticity 
score differed significantly, between the 
sexes, males showed a significantly high-
er IOA and significantly higher Entheses 
robusticity scores than females. 

Table 1. Prevalence of traits associated with horse-riding according to sex (chi-squares, Mann-Whitney 
U-tests)

right side left side

total males females total males females

Qualitative traits n % n % n % Sig. n % n % n % sig

Poirier‘s Facet 26 27.9 16 34.8 10 21.3 0.011 29 24.8 20 35.1 9 15 0.046

Plaque proximal 
femur 42 45.2 23 50.0 19 40.4 0.512 57 48.7 29 50.9 28 46.7 0.883

Cribriform chang-
es proximal femur 125 83.9 59 76.6 63 87.5 0.014 123 82.6 62 80.5 64 88.9 0.002

gluteal enthuses 98 76.0 63 96.9 35 54.7 0.001 98 76.0 63 95.5 35 55.6 0.001

pronounced Linea 
aspera 90 88.2 45 90.0 45 86.5 0.817 104 83.2 56 88.9 48 77.4 0.220

curved Trochanter 
major 31 50.0 12 37.5 19 63.3 0.040 60 61.9 26 56.5 34 66.7 0.154
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right side left side

total males females total males females

Qualitative traits n % n % n % Sig. n % n % n % sig

exostosis in the 
Fossa trochanterica 39 58.2 25 73.5 14 42.4 0.010 68 66.7 36 73.5 32 60.4 0.161

exostosis in the 
Fovea capitis 42 48.8 26 63.4 16 35.6 0.010 50 44.2 29 51.8 21 36.8 0.267

osteoarthritis on 
the upper outline of 
the patellar surface

43 62.3 27 81.8 16 44.4 0.005 60 67.4 39 83.0 21 50.0 0.004

Quantitative traits x sd x sd x sd x sd x sd x sd

Index of ovaliza-
tion (IOA) 1.04 0.02 1.05 0.02 1.04 0.02 0.020 1.04 0.02 1.05 0.02 1.04 0.02 0.037

Entheses robustic-
ity score 1.99 0.41 2.12 0.38 1.85 0.40 0.001 1.92 0.38 2.14 0.36 1.87 0.45 0.001

Associations between quantitative 
(metric) and qualitative (non-metric) 

traits associated with the “Horse 
Riding Syndrome” 

As demonstrated in table 2, the IOA was 
higher among Avars with a Poirier’s Facet 
than among those without a Poirier’s Fac-
et. On the left side, this difference was sta-
tistically significant.  A significantly higher 
IOA was found among adults with pro-
nounced gluteal entheses on the Os coxae. 
This was true of the right as well as on the 
left side. No significant group differences 
in the IOA of the right as well as left ace-
tabulum were found between Avar individ-
uals showing a pronounced Linea Aspera, 
a  curved Trochanter major, an exostosis 
in the Fossa trochanterica, exostosis of the 
Fovea capitis, and those Avar adults who 
did not show these traits. In contrast, the 
average IOA of the left proximal femur was 
significantly higher among Avar individ-
uals showing signs of osteoarthritis along 
the upper edge of the patellar surface. 

The entheses robusticity scores of the 
left and right side were always higher 
among Avar adults showing the quanti-
tative traits mentioned above. Significant 

group differences were found for Poirier´s 
facet, gluteal entheses, pronounced Linea 
aspera, exostosis in the Fossa trochanter-
ica, exostosis in the Fovea capitis, and 
osteoarthritis on the patellar surface. 

The IOA of the left acetabulum cor-
related significantly positively with the 
entheses robusticity score for the left 
(rho=0.243; p=0.033) as well as the en-
theses robusticity score of the right lower 
limb (rho=0.326; p=0,005). No signifi-
cant associations between the IOA of the 
right acetabulum and the entheses robus-
ticity scores for the left and the right low-
er limb could be observed. 

In the last step, the association patterns 
between the entheses robusticity scores 
and Poirier´s facets and IOA corrected for 
sex, age group, and chronological phase, 
were tested using multiple regression anal-
yses. The entheses robusticity score of the 
left side was independently significantly 
associated with the occurrence of Poirier´s 
facet, the IOA, and the age group. The en-
theses robusticity score of the right lower 
limb was independently significantly as-
sociated with sex, the age group, and the 
Poirier´s facet as well as the IOA (table 3). 
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Table 2. IOA and Entheses score according to the prevalence of qualitative traits (Mann-Whitney U-tests)

Index of Ovalization right (IOA) Index of Ovalization left (IOA)

Trait trait present trait absent trait present trait absent

n x sd n x sd sig n x sd n x sd sig

Poirier‘s Facet 10 1.053 0.018 29 1.042 0.020 0.112 14 1.061 0.015 47 1.037 0.017 <0.001

Plaque proximal 
femur

22 1.043 0.019 18 1.042 0.021 0.479 32 1.038 0.018 34 1.046 0.018 0.087

Cribriform changes 56 1.041 0.018 12 1.049 0.027 0.207 55 1.041 0.019 13 1.042 0.024 0.342

gluteal enthuses 57 1.046 0.021 16 1.031 0.016 0.011 54 1.045 0.020 17 1.033 00.02 0.030

pronounced Linea 
aspera

40 1.048 0.021 3 1.033 0.006 0.169 57 1.044 0.020 6 1.042 0.018 0.741

curved Trochanter 
major

16 1.045 0.018 17 1.045 0.017 0.790 42 1.049 0.020 14 1.040 0.021 0.508

exostosis in the 
Fossa trochanterica

22 1.046 0.019 17 1.039 0.016 0.136 46 1.041 0.019 21 1.041 0.017 0.871

exostosis in the 
Fovea capitis

20 1.042 0.023 24 1.044 0.019 0.774 26 1.045 0.021 37 1.043 0.018 0.613

osteoarthritis on 
the upper outline 
of the patellar 
surface

20 1.050 0.019 14 1.039 0.018 0.115 38 1.044 0.017 17 1.037 0.020 0.062

Entheses score lower limbs right Entheses score lower limbs left

Trait trait present trait absent trait present trait absent

n x sd n x sd sig n x sd n x sd sig

Poirier‘s Facet 19 2.23 0.28 60 1.92 0.42 0.004 18 2.22 0.44 78 1.94 0.36 0.005

Plaque proximal 
femur

41 2.07 0.33 41 1.91 0.47 0.110 56 2.04 0.31 51 1.95 0.45 0.103

Cribriform changes 
proximal femur

116 1.98 0.41 22 2.06 0.43 0.217 119 2.02 0.43 25 1.98 0.34 0.303

gluteal enthuses 91 2.09 0.36 20 1.64 0.38 0.001 96 2.10 0.35 21 1.62 0.39 0.001

pronounced Linea 
aspera

86 2.00 0.39 3 1.50 0.44 0.015 103 2.06 0.39 8 1.59 0.43 0.001

curved Trochanter 
major

31 1.98 0.37 27 1.87 0.43 0.167 60 2.01 0.45 28 1.89 0.43 0.127

exostosis in the 
Fossa trochanterica

39 2.11 0.34 27 1.67 0.35 0.001 67 2.09 0.43 33 1.79 0.39 0.001

exostosis in the 
Fovea capitis

40 2.13 0.38 43 1.81 0.38 0.001 49 2.16 0.35 58 1.89 0.41 0.001

osteoarthritis on 
the upper outline 
of the patellar 
surface

43 2.04 0.39 25 1.73 0.39 0.001 60 2.12 0.39 25 1.76 0.35 0.001
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Table 3. Association patterns between the main characteristics of the horse-riding syndrome corrected for 
sex, age, and chronological period. Multiple regression analyses  

  R2 B Sig 95% CI R2 B Sig 95% CI

dependent parameter Entheses robusticity score 
right 

Entheses robusticity score  
left 

Sex 0.716 -0.23 0.046 -0.45 - -0.01 0.704 -0.22 0.059 -0.45 – 0.01

Age group 0.39 0.001 0.22 – 0.57 0.37 0.001 0.20 – 0.55

Chronological phase 0.02 0.856 -0.16 – 0.19 -0.01 0.954 -0.18 – 0.17

Poirier facet 0.22 0.011  0.06 - 0.39 0.24 0.008 0.07 – 0.41 

Gluteal entheses 0.08 0.285 -0.08 – 0.40 0.09 0.271 -0.08 – 0.26

IOA 13.23 0.011 3.35 – 23.11 13.93 0.009 3.90 – 23.95

Discussion

Horses played a  significant role in cul-
tural evolution and had a  lasting influ-
ence on human lifestyle: A good example 
is the historical importance of mounted 
warriors of equestrian nomadic societies 
(such as the Huns, Avars, Hungarians, 
and Mongols) in late antique and medie-
val Eurasia. The horse-riding techniques 
of all these equestrian nomadic societies 
must have focused on controlling the 
horse effectively without reins, using 
only the rider’s seat and legs, because 
this is crucial for horseback archery and 
other types of mounted combat, as well 
as for daily life activities such as herding 
and hunting from horseback. As docu-
mented, for example, by a Byzantine mil-
itary handbook compiled around 600 AD 
(Dennis 1984; Hyland 1994), the Avars, 
at least in the initial period of their Eu-
ropean history, were not only equestrian 
nomads, but also outstanding mounted 
warriors. In particular, horseback archery 
and other types of mounted combat re-
quire many hours of training from an 
early age, in order to master these skills 
at the level of proficiency required for suc-
cessful participation in battle and attest-
ed by the historical sources. As outlined 

above, the prevalence of horse-human 
burials and other burial rituals involving 
horses and horse tack, frequently togeth-
er with the weapon types mentioned by 
the historical sources, indicates the im-
portance of horses for Avar populations, 
in particular in a military context.

In the present study, the associations 
between typical, quantitative, and qual-
itative characteristics of the so-called 
“horse-riding syndrome”, were analyzed 
using an early medieval, Avar-period (7th–
8th century AD) sample from Austria. 
From a  methodological point of view, 
the historical and archaeological context 
(Daim 2003; Baron 2018; Fedele 2020; 
Bede 2012) of the human osteological 
material examined in this study is a par-
ticular asset for analyzing the so-called 
“horse-riding syndrome”: For example, 
Berthon et al. (2019) have stressed the 
relevance of the archaeological context for 
research on the “horse-riding syndrome”. 
Due to the historical and archaeological 
context summarized above, variations in 
habitual activity patterns detected within 
the adult Avar population of the Csokor-
gasse burial ground may be the result of 
social, chronological, and sex differenc-
es regarding the habitual horse-riding 
activity. In previous studies, we could 
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show, for example, that habitual horse 
riding was more common among men 
than among women (Bühler, Kirchengast 
2022a) and also more common among 
men of higher socioeconomic status than 
among lower-status men (Bühler, Kirch-
engast 2022b).

The results of our present study sug-
gest a  significant association between 
four traits interpreted commonly as in-
dicators of habitual horseback-riding: 
Poirier´s facets, gluteal entheses at the 
Os coxae, the IOA (= quantifying the 
vertical elongation of the acetabulum), 
and pronounced robusticity of the en-
theses of the lower limbs. These par-
ticular traits have already been described 
as potential indicators of habitual horse 
riding in previous bioarchaeological re-
search on other populations of habitual 
horse riders (Anđelinović et al. 2015; 
Bagagli et al. 2012; Bailif-Ducros 2012; 
Baillif-Ducros, McGlynn 2013; Berthon 
et al. 2019; Belcastro et al. 2001). This 
result is in accordance with the biome-
chanics of horse riding: The pelvis and 
legs of the rider play a central role in the 
communication between rider and horse 
(Pugh, Bolin 2004), even more so when 
riding without reins, for example during 
horseback archery. Hence, it is not sur-
prising that osteological traits detected 
on the bony pelvis, hip joint, and prox-
imal femur are major characteristics of 
the “horse-riding syndrome”. Even the 
prevalence of Poirier´s facet within the 
Avar population from the Csokorgasse 
burial ground (15–20%) resembles those 
in the adult population from the nearby 
Avar cemetery of Vösendorf, where the 
prevalence of “Poirier’s Facet” averaged 
at 16.3% for adult individuals of both 
sexes (Pany, Wiltschke-Schrotta 2017).

No significant associations with the 
IOA or the Entheses robusticity score 

were found for other non-metric varia-
tions of the femoral head-neck junction 
such as different types of plaque and 
cribriform variations, which have also 
been associated with the horse-riding 
syndrome. Although the different types 
of plaque may be caused by mechani-
cal stress, at present, they can only be 
interpreted as unspecific “markers of 
physical activity” (Lawrence et al. 2018; 
Radi et al. 2013), because their etiology 
is still unclear (Radi et al. 2013; Mellado 
et al. 2014). The interpretation of cri-
briform changes of the proximal femur 
is, at present, even more problematic: 
It is, as yet, not possible to ascertain 
whether they should be interpreted as 
general stress markers, caused by ma-
laria or anemia (Pany et al. 2006) or as 
unspecific markers of physical activi-
ty (Radi et al. 2013). Therefore, it may 
be important to discriminate between 
pathophysiological cribriform changes 
occurring by themselves and other types 
of cribriform lesions, which form on 
the plaque as herniation pits. The lat-
ter may be indeed a result of activity, as 
suggested by clinical research (Mellado 
et al. 2014).

Furthermore, for the five other, 
non-metric traits of the “horse-riding 
syndrome” which were taken into con-
sideration in this study, the differences 
regarding IOA between adults with the 
presence/ absence of the trait in ques-
tion were relatively small and statistical-
ly insignificant. Therefore, in this study 
the five traits (pronounced Linea aspera, 
curved Trochanter major, exostosis at the 
Fovea trochanterica, exostosis in the Fo-
vea capitis, and osteoarthritis at the up-
per outline of the patellar surface maybe 
not regarded as specific characteristics of 
habitual horse riding activity, but as indi-
cators of general mobility. 
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Hence, we could verify our first hy-
pothesis partly. This is also true of the 
second hypothesis because significant 
correlations between the left IOA and the 
entheses robusticity scores were found. 

Limitations

Due to the poor preservation of the leg 
bones and bony pelvis, the actual sam-
ple sizes were considerably smaller than 
the total sample size (n = 149). Anoth-
er limitation of the research carried out 
here was the lack of an “outgroup”, such 
as a population of non-horse-riders from 
a modern reference collection. 

Conclusions

The association between several major 
characteristics of the “horse-riding syn-
drome” – i.e. “Poirier´s Facet” on the 
proximal femur, ovalization (vertical 
elongation) of the acetabulum, and pro-
nounced entheses on the bony pelvis and 
the lower limb bones, detected within 
the adult population from the Avar cem-
etery Csokorgasse – suggests that the 
“horse-riding syndrome” may indeed be 
a valid set of traits for detecting habitual 
horse riders in archaeological contexts. 
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AbstrAct: The aim of this analized is to evaluate the frequency of osteoarthritis in the early modern 
population of Dąbrówki (Poland). Evaluation of degenerative joint changes was based on standard methods 
commonly used in physical anthropology. Three types of changes were studied: osteophytes, porosities, 
and eburnations. They were analyzed in the shoulder, elbow, wrist, hip, knee, and proximal ankle joints. 
Osteoarthritic changes were assessed in 24 female, 20 male, and 8 undetermined sex individuals in the 
Dąbrówki population. 

In the population from Dąbrówki the highest frequency of degenerative changes was noted in the hip 
joint, and the lowest in the knee joint. Osteophytes were the predominant type of lesions. The less frequent 
type was porosity, while polishing of the articular surfaces did not occur. In males, degenerative changes 
were noted more frequently than in females. Due to the existence of many interpretative limitations 
(there is no a complete picture of the population from Dąbrówki - skeletal material under exploration; not 
entirely clear and multifactorial etiology of degenerative joint changes), further analysis of the markers of 
environmental stress in the population from Dąbrówki is necessary. 
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Introduction

Osteoarthritis (OA) is the most ubiq-
uitous pathological condition in skele-
tal populations (Ortner, Putschar 1985; 
Weiss, Jurmain 2007). It is also the most 
common joint condition observed today 
(Arden, Nevitt 2006; Rothschild, Woods 
2012). 

The aetiology of osteoarthritis is mul-
tifactorial (Felson 2003; Gabay et al. 
2008; Roach and Tilley 2007; Teichtahl 
et al. 2005). In the clinical literature, 
an influence of several main factors has 
been considered. Age, sex, genes, meta-
bolic and endocrine factors, obesity, bone 
density, articular cartilage nutrition, 
joint injuries and infection, joint insta-
bility, congenital and/or developmental 
joint deformities, physical activity and 
occupation, muscle weakness (Anderson, 
Loeser 2010; Arden, Nevitt 2006; Felson 
2003; Gabay et al. 2008; Teichtahl et al. 
2005; Guan et al. 2019), or even nutri-
tional factors (Guan et al. 2019; Tetlow 
and Woolley 2001) are considered.

Given a  high prevalence and avail-
ability of osteoarthritis in skeletal mate-
rial (Weiss, Jurmain 2007; Plomp et  al. 
2015), the analyses of these skeletal 
markers of environmental stress have an 
important place in anthropology (Weiss, 
Jurmain 2007; Jurmain 1991; Klaus 
et al. 2009; Molnar et al. 2011; Schrader 
2012; Woo, Pak 2013; Rojas-Sepúlveda, 
Dutour 2014; Palmer et al. 2016). 

In spite of the fact that osteoarthritic 
changes are very common in historical 
populations, these pathological traits still 
raise many methodological and interpre-
tative problems (Weiss, Jurmain 2007). 
The present study aimed to examine the 
osteoarthritic changes in the early mod-
ern skeletal material from Dąbrówki (Po-
land), the OA changes presence and the 

way they are expressed. It enriches the 
knowledge about these conditions in past 
skeletal populations, what is important 
in a  reliable interpretation of the biolo-
gy, ecology, and behaviour of past human 
populations. 

Material and methods

All analysed specimens were excavated 
from a  cemetery located in Dąbrówki 
(Poland). „Dąbrówki” as the name first 
appeared in 1559 (due to the presence 
of oaks in the local part of Podlasie). In 
1568, the village of Dąbrówki was men-
tioned when the parish near Wasilków 
was established (Wawrzeniuk 2021a).

Fot. 1. The location of the Dąbrówki (red drop).

The cemetery with skeleton burials 
was discovered by accident in 2018, dur-
ing earthworks. The cemetery on the hill 
is locally called „Brama Cygańska”. How-
ever, it is not known where this name 
comes from. There is also no informa-
tion about the cemetery itself (Wawrze-
niuk 2021a). With the help of the found 
burial equipment, the chronology of the 
cemetery can be estimated. The coins 
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from the times of Sigismund Augustus 
and Sigismund III Vasa, a  metal cross, 
a copper ring and a rosary bead, may in-
dicate that this part of the cemetery un-
der study dates back to the beginning of 
the 17th century. It cannot be ruled out 
that in the remaining areas of the ceme-
tery there are burials from younger and 
older periods (Wawrzeniuk 2021b).

Numerous human remains were 
found on the hillside (Wawrzeniuk 
2021a). Research work has revealed 
62 graves (41 have been explored, 21 
in total). Most of the individuals were 
adults. There were few children’s bur-
ials and they were usually buried with 
adults (Wawrzeniuk 2021a; Wawrzeniuk 
2021b).

The samples evaluated for this analy-
sis is a part of the osteological collection 
of the Institute of Biological Sciences 
Cardinal Stefan Wyszynski University 
(Poland). The exact number of male and 
female individuals in each historical 
group examined in this study is present-
ed in Table 1.

Standard anthropological methods 
were applied to determine the age and 
sex of the individuals. The sex of the in-
dividuals was estimated using the Phen-
ice (1969) and Buikstra, Ubelaker (1994). 
This includes visual assessments of pel-
vic and cranial features. The age‐at‐death 
of the individual was estimated based on 
changes in the morphology of the pubic 
symphysis, using the Brooks and Suchey 
(1990) system and standards for changes 
in the topography of the auricular surface 
(Buikstra, Ubelaker 1994). Only adult 
remains were included in this study. In-
dividuals without any observable (except 
from osteoarthritic) skeletal changes (like 
observable bone illnesses, traumas, frac-
tures, or bone deformities) were included 
into the analyses. 

Osteoarthritic changes were exam-
ined in accordance with the methods 
by Buikstra and Ubelaker (1994). Three 
types of OA changes were examined: 
(a)  osteophytes (OP) – a  marginal pro-
liferation of new bone in either the 
horizontal or vertical direction that 
produces a  change in the shape of the 
joint contour; (b) porosity (POR) – pit-
ting and/or erosion of the joint surface; 
(c) eburnation (EB) – polished subchon-
dral bone with or without ridges) (Buiks-
tra & Ubelaker 1994). OA changes were 
scored in: (a) shoulder (articular surface 
of the scapula and humeral head); (b) el-
bow (articular surfaces of the distal end 
of the humerus and articular surfaces of 
the proximal end of the ulna and radius); 
(c) wrist (articular surfaces of the distal 
end of the ulna and articular surfaces of 
the distal end of the radius); (d) hip (ace-
tabulum [pelvic bone] and articular sur-
face of femoral head); (e) knee (articular 
surface of the distal end of the femur 
and articular surfaces of the proximal 
end of the tibia); and (f) ankle (distal end 
of the tibia). Due to the small size of the 
sample, statistical analyzes did not in-
clude the gradation of changes, but only 
their presence (1) or their absence (0). 
The data on degenerative changes were 
analyzed separately for female, male and 
indeterminate sex, by joint analysis.

The statistical significance of the 
differences in the frequency of the de-
generative changes between males and 
females in the analyzed skeletal materi-
al was investigated using the unilateral 
test for two components of the structure. 
The test analyses the significance of the 
differences between the frequencies of 
the two compared traits. Statistical sig-
nificance was determined at the level of 
p≤0.05. All analyses were done using Sta-
tistica 13.3. 
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Results

In the population from Dąbrówki, degen-
erative changes in joints were reported in 
81% of individuals. The highest rates of 
degenerative changes were recorded in the 
hip joint (55%). Lower rates were record-
ed in the following joints: wrist (40%), 
shoulder (40%), elbow (40%), ankle (33%) 
and knee (27%). In the material studied, 
osteophytes were the predominant type 
of lesions (59%). The less frequent type of 
lesions was porosity (5.5%). There was no 
sanding of the articular surfaces (Tab. 1).

In the examined skeletal material, os-
teophytes were the most frequently ob-
served degenerative changes in the knee 
(67%) and elbow (63%). Fewer osteophytes 
were observed in the shoulder (60%), hip 
(57%), wrist (57%) and ankle (55%) joints, 
respectively. The highest porosity was re-
corded in the hip joint (21%). Less in the 
shoulder (5%), elbow (2%) and knee (1%) 
joints. There was no porosity in the wrist 
and ankle joints (Tab. 1). 

In females, degenerative changes in 
joints were reported in 79% of individuals. 
The highest number of changes of the oste-
ophyte type was recorded in the ankle joint 
(75%). Less occurred in the knee (70%), 
wrist (63%), elbow (57%), hip (53%) and hip 
(45%) joints. Porosity occurred only in the 

hip joint with a frequency of 9% (Tab. 2). In 
males, degenerative changes were reported 
with a  frequency of 100%. The greatest 
number of osteophytes was found in the 
shoulder joint (71%). Slightly less in the 
following joints: elbow (67%), knee (65%) 
and hip (59%). The lowest rates were re-
corded in the wrist (52%) and ankle (37%). 
Porosities occurred only in the joints: hip 
(36%), shoulder (12%) and elbow (3%) 
(Tab. 2). In the group of skeletons of un-
defined sex, the frequency of degenerative 
changes was 38%. Osteophytes, report-
ed with a frequency of 100%, occurred in 
four joints (shoulder, elbow, hip and ankle). 
They occurred in the knee joint with a fre-
quency of 67%. However, no osteophytes 
were found in the wrist joint. Porosity oc-
curred only in the knee joint (14%) (Tab. 2).

When examining the significance of 
differences between males and females in 
the rates of degenerative changes in joints 
(all types of changes jointly), it was found 
that in men degenerative changes were re-
corded more often than in females (33% 
– females, 48% – males, p = 0.001). They 
were observed more often in men in each 
of the examined joints, with significantly 
higher rates reported for the shoulder joint 
(27% – females, 59% – males, p = 0.005) 
and elbow (32% – females, 53% – males, 
p = 0.005). = 0.04) (Tab. 3).

Table 1. Frequencies (%) of osteoarthritic changes in Dąbrówki sample

Joint
N/n (% n)

Osteophytes Porosity Eburnation All changes

Shoulder 45/27 (60,0%) 62/3 (4,84%) 63/0 (0,00%) 67/27 (40,3%)

Elbow 46/29 (63,04%) 61/1 (1,64%) 61/0 (0,00%) 72/29 (40,28%)

Wrist 37/21 (56,76%) 52/0 (0,00%) 52/0 (0,00%) 52/21 (40,38%)

Hip 72/41 (56,94%) 81/17 (20,99%) 83/0 (0,00%) 83/46 (55,42%)

Knee 30/20 (66,67%) 68/1 (1,47%) 72/0 (0,00%) 75/20 (26,67%)

Ankle 44/24 (54,55%) 73/0 (0,00%) 73/0 (0,00%) 73/24 (32,88%)

All joints 274/162 (59,12%) 397/22 (5,54%) 404/0 (0,00%) 422/167 (39,57%)
N – numer of the examined joints, n – number of joints with registered osteoarthritic changes
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Table 2. Frequencies (%) of osteoarthritic changes in Dąbrówki sample according to sex 

Joint

N/n

Males Females Undefined sex

OP Porosity EB All 
changes OP Porosity EB All 

changes OP Porosity EB All 
changes

Shoulder 20/9 
(45%)

33/0 
(0,00%)

32/0 
(0,00%)

34/9 
(26,47%)

24/17 
(70,83%)

25/3 
(12%)

27/0 
(0,00%)

29/17 
(58,62%)

1/1 
(100%)

4/0 
(0,00%)

4/0 
(0,00%)

4/1 
(25%)

Elbow 21/12 
(57,14%)

27/0 
(0,00%)

27/0 
(0,00%)

38/12 
(31,58%)

24/16 
(66,67%)

30/1 
(3,33%)

30/0 
(0,00%)

30/16 
(53,33%)

1/1 
(100%)

4/0 
(0,00%)

4/0 
(0,00%)

4/1 
(25%)

Wrist 16/10 
(62,5%)

25/0 
(0,00%)

25/0 
(0,00%)

25/10 
(40%)

21/11 
(52,38%)

25/0 
(0,00%)

25/0 
(0,00%)

25/11 
(44%)

0/0 
(0,00%)

2/0 
(0,00%)

2/0 
(0,00%)

2/0 
(0,00%)

Hip 38/20 
(52,63%)

43/4 
(9,3%)

44/0 
(0,00%)

44/21 
(47,73%)

32/19 
(59,38%)

36/13 
(36,11%)

36/0 
(0,00%)

36/23 
(63,89%)

2/2 
(100%)

2/0 
(0,00%)

3/0 
(0,00%)

3/2 
(66,67%)

Knee 10/7 
(70%)

28/0 
(0,00%)

29/0 
(0,00%)

31/7 
(22,58%)

17/11 
(64,71%)

33/0 
(0,00%)

34/0 
(0,00%)

35/11 
(31,43%)

3/2 
(66,67%)

7/1 
(14,29%)

9/0 
(0,00%)

9/2 
(22,22%)

Ankle 12/9 
(75%)

32/0 
(0,00%)

32/0 
(0,00%)

32/9 
(28,13%)

27/10 
(37,04%)

30/0 
(0,00%)

30/0 
(0,00%)

30/10 
(33,33%)

5/5 
(100%)

11/0 
(0,00%)

11/0 
(0,00%)

11/5 
(45,45%)

All  
joints

117/67 
(57,26%)

188/4 
(2,13%)

189/0 
(0,00%)

204/68 
(33,33%)

145/84 
(57,93%)

179/17 
(9,5%)

182/0 
(0,00%)

185/88 
(47,57%)

12/11 
(91,67%)

30/1 
(3,33%)

33/0 
(0,00%)

33/11 
(33,33%)

N – numer of the examined joints, n – number of joints with registered osteoarthritic changes, OP – oste-
ophytes, EB – eburnation

Table 3. Differences in the frequencies (%) of degenerative changes in joints in males and females in the 
population from Dąbrówki

Joint
Osteophytes Porosity Eburnation All changes

M/F p M/F p M/F p M/F p

Shoulder 45/71% 0,04* 0/12% 0,021* 0/0% – 27/59% 0,005*

Elbow 57/67% 0,251 0/3% 0,182 0/0% – 32/53% 0,040*

Wrist 63/52% 0,252 0/0% 1,0 0/0% – 40/44% 0,387

Hip 53/59% 0,307 9/36% 0,002* 0/0% – 48/64% 0,076

Knee 70/65% 0,395 0/0% 1,0 0/0% – 23/31% 0,233

Ankle 75/37% 0,026* 0/0% 1,0 0/0% – 28/33% 0,335

All joints 57/58% 0,436 2/10% 0,001* 0/0% – 33/48% 0,001*

p – statistically significant differences at the level of p≤0.05; F – frequency of degenerative changes in fe-
males, M – frequency of degenerative changes in males

The frequencies of osteophytes were 
similar in both sexes (57% – females, 
58% – men). When examining the differ-
ence in the frequency of osteophytes in 
individual joints, significantly higher fre-

quencies of these changes were noted in 
men in the shoulder joint (45% - females, 
71% – males, p = 0.04), and in females 
in the ankle joint (75% – females, 37% – 
males, p = 0.04). In the wrist and knee 
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joints, osteophytes were more common 
in females, in the elbow and hip joints – 
in males, however, these differences are 
not statistically significant (Table 3).

Porosity of the articular surface was 
noted more often in men in the shoul-
der joint (0% – females, 12% – males, 
p  =  0.021), hip (9% – females, 36% – 
males, p = 0.002) and when all joints 
were analyzed jointly (2% – females, 10% 
– males, p = 0.001) (Tab. 3).

Discussion 

In the population from Dąbrówki, degen-
erative changes in joints were reported 
in 81% of individuals. The highest rates 
of degenerative changes were recorded 
in the hip joint (55%). Lower rates were 
recorded in the following joints: wrist 
(40%), shoulder (40%), elbow (40%), an-
kle (33%) and knee (27%). In the material 
studied, osteophytes were the predomi-
nant type of lesions (59%). The less com-
mon type of lesions was porosity (6%). 
There was no sanding of the articular 
surfaces (Tab. 1, Fot. 1). 

In this population, degenerative joint 
changes were reported more often in men 
(48%) than in females (33%) (Table 3). 
They were observed more often in males 
in each of the examined joints, with sig-
nificantly higher rates reported for the 
shoulder (27% – females, 59% – males) 
and elbow (32% – females, 53% – males) 
(Tab. 3). The frequencies of osteophytes 
were similar in both sexes (57% – fe-
males, 58% – males). When examining 
the difference in the frequency of osteo-
phytes in individual joints, significantly 
higher frequencies of the changes were 
noted for males in the shoulder joint 
(45% – females, 71% – males), and for 
females in the ankle joint (75% – fe-
males, 37% – males). The porosity of the 

articular surface was noted more often 
in males in the shoulder (0% – females, 
12% – males), in the hip (9% – females, 
36% – males) and when all joints were 
analyzed together (2% for females, 10% 
for males) (Table 3).

The present study results are similar 
to other anthropological data (Weiss, Jur-
main 2007). In majority of studies males 
were usually more affected than females 
(Šlaus 2002; Klaus et al. 2009; Eng 2016). 
In some skeletal materials, females (or 
some joints in females) have higher fre-
quencies of OA than males (Molnar et al. 
2011; Eng 2016). Some researchers did 
not find any significant (or very small) 
sex differences in OA (Eshed et al. 2010; 
Schrader 2012; Woo, Pak 2013; Palmer 
et al. 2016). Taking that osteoarthritic 
changes are treated by some researchers 
as physical activity markers (Capasso 
et al. 1999; Kennedy 1989), the obtain 
differences (or its lack) were connected 
with differences/similarities in lifestyle 
between sexes. Taking the above, it could 
be hypothesised that the sex differences 
in osteoarthritis in Dąbrówki population 
are a result of differences in daily activ-
ity patterns. Certain limitations dictate 
caution in drawing final conclusions. 
Firstly, archaeological, historical, and 
anthropological data about population 
from Dąbrówki is poor now, therefore at 
this stage of the studies it is not possible 
to say something about health, lifestyle 
of each individual. Finding out the rela-
tionships between osteoarthritic chang-
es and physical activity is possible now 
and further studies are needed. Secondly, 
some researchers dictate caution in using 
OA changes as physical activity markers 
(e.g. Schrader 2012; Woo, Pak 2013), em-
phasizing mutifactorial etiology of these 
skeletal features. Finally, specifics of the 
skeleton material (usually small sample 
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size, not well preserved bones, problems 
with sex determination) could not be 
omitted. It inflences the obtained results 
and its interpretation. 

The skeleton material from Dąbrówki 
slightly differs in terms of the frequen-
cy of degenerative changes from other 
historical populations in Poland. In the 
population from Cedynia (14th–17th 
century) (Malinowska-Łazarczyk 1982; 
Porzeziński 2006), degenerative changes 
occurred with a frequency of 36% in men 
and 29% in females. The most common 
type of changes in both females and men 
were osteophytes. The joint with the 
most degenerative changes was the elbow 
joint (Myszka 2016).

In the modern population of Radom 
(17th-19th century), degenerative chang-
es were reported with a frequency of 26% 
in the group of men and in 27% of fe-
males. The greatest number of lesions 
was observed in the hip (46%) and elbow 
(42%). Osteophytes were present in 24% 
of cases and it was the most frequently 
reported type of lesions (Myszka 2022).

In the population from Słaboszewo 
(14th–19th century) (Piontek 1977), de-
generative changes occurred with a similar 
frequency in both sexes (24% in men and 
25% in females). The most common type 
of changes in both sexes were osteophytes, 
and the joint where degenerative changes 
occurred most often - also regardless of sex 
– was the hip joint (Myszka 2016).

In the population from Łekno (14th–
16th century) (Wyrwa 2003), degenera-
tive changes occurred with a frequency of 
38% in males and 32% in females. The 
most common type of lesions, as well 
as in the above-mentioned populations, 
were osteophytes. In males, degenerative 
changes were most often found in the el-
bow joint, while in females – in the hip 
joint (Myszka 2016).

Compared to the above-mentioned 
populations, degenerative changes in the 
population from Dąbrówki were more 
common in males (Dąbrówki 48%, other 
populations 24%–38%). In females, how-
ever, this difference was not significantly 
higher. Another point that distinguish-
es the population from Dąbrówek is the 
lack of polishing of the pond surfaces. 
Although in other populations they were 
rare, they were nevertheless recorded. Of 
particular interest is the fact that in the 
population from Dąbrówki, porosity in 
the hip joint was much more common in 
males (36%) than in females (9%), which 
significantly differs from the results of 
other populations (Myszka 2016).

Given the inadequate etiology of the 
degenerative changes, it is difficult to 
explain the cause of these discrepancies. 
Taking into account the fact that degen-
erative changes in joints are considered 
by some researchers as markers of physi-
cal activity (Capasso et al. 1999; Kennedy 
1989), it can be assumed that one of the 
possibilities of explaining this phenome-
non may be, different from other popu-
lations, the motor activity of individuals 
from Dąbrówek. However, nothing can 
be said about the physical activity of this 
population, because there is insufficient 
historical and archaeological data.

The obtained inter-population differ-
ences can be also a result of the differenc-
es between the type of settlement com-
plexes. Cedynia (Zachodniopomorskie) 
was functioning as an early town set-
tlement (Malinowska-Łazarczyk 1982).  
Łekno (Wielkopolska) was a  part of 
the Łekno settlement complex where in 
historical times settlements and archi-
tectural structures of considerable po-
litical, administrative, socio-economic 
and religious significance were located 
(Wyrwa 1989). Population from Radom 
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was characterised as a  town population 
(Tomczyk et al. 2017). The population of 
Słaboszewo (Kujawsko-Pomorskie) repre-
sented a typical local rural society (Pion-
tek 1981). Differences in technological 
development, architectural structures of 
the complexes, their political, adminis-
trative, socio-economic and religious sig-
nificance influenced the socio-economic 
position of each populations and thus 
its health status, and biology. Different 
localization and not entirely convergent 
chronology of the compared archaeologi-
cal series could also play a role in the ob-
tained results. Another factor influencing 
the observed discrepancies may be the 
size of the sample, which is not large in 
the population from Dąbrówki.

Further studies of degenerative chang-
es in the population from Dąbrówek are 
necessary, inter alia, to complete the 
knowledge about the population itself 
and to enrich knowledge about degen-
erative changes in joints in old skeletal 
populations, which due to the not fully 
understood etiology of changes and dif-
ficulties interpretative is of great impor-
tance.

Summary and Conclusions

In the population from Dąbrówki, degen-
erative changes in joints were reported in 
81% of individuals. The most frequently 
reported type of lesions were osteophytes 
(59%). Porosity was noted with a  fre-
quency of 6%. Eburnation was not ob-
served here. The highest rates of degen-
erative changes were recorded in the hip 
joint (55%). Lower rates were recorded in 
the following joints: wrist (40%), shoul-
der (40%), elbow (40%), ankle (33%) and 
knee (27%). In this population, degenera-
tive changes in joints were reported more 
often in males (48%) than in females 

(33%). They were observed more often 
in males in each of the examined joints, 
with significantly higher rates reported 
for elbow and shoulder. The frequencies 
of osteophytes were similar in both sex-
es. Taking individual joint osteophytes 
were more frequently observed for males 
in the shoulder, for females in the ankle. 
The porosity of the articular surface was 
noted more often in males with higher 
frequencies in shoulder, and hip.

Due to the existence of many limi-
tations resulting from the fact that the 
skeletal material is being explored and 
the etiology of degenerative changes in 
joints is not entirely clear and multifac-
torial, it is necessary to further analyze 
these determinants of environmental 
stress in the population from Dąbrówki.
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AbstrAct: Human females demonstrate higher religiosity than men in populations. Digit ratio (2D:4D), 
being a putative indicator of prenatal testosterone, is associated in varying degrees with characters that 
show sexual dimorphism. A  small number of studies have indicated that religiosity may be associated 
with the biological basis of sex differences in humans. The objective of the present study was to ascertain 
whether 2D:4D in religiously oriented seminary students is different from individuals in other occupations. 
The study followed a cross-sectional design. Male participants of the study included 13 seminary students, 
18 military chaplains and 91 control students from study courses relating to civil occupations. Lengths 
of second (2D) and fourth (4D) digits and their ratio (2D:4D) for each hand, height and weight were the 
variables and 2D:4D was the outcome measure. The results demonstrated that the seminary students had 
significantly higher 2D:4D than both the military chaplains and civil students. The military chaplains had 
the lowest 2D:4D. The study also revealed that the choice of religious occupation, and for that matter, 
religiosity, could be linked with the prenatal hormonal environment, particularly lower intrauterine 
testosterone compared to oestrogen.
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Introduction

Digit ratio (2D:4D), more specifically, the 
ratio of the lengths of the second (index) 
to the fourth (ring) finger is considered to 
be a proxy marker of androgen exposure 
during an early period of prenatal devel-
opment (Manning 2011). Compared to 
female, male foetus gets exposed to rel-
atively higher levels of prenatal testoster-
one (PT) responsible for lengthening the 
4th finger, whereas, prenatal oestrogen 
(PE), which is higher in case of female 
foetus, slows down the growth of the 4th 
digit. This phenomenon results in the sex 
difference in 2D:4D; males tend to have 
longer 4th digits relative to the 2nd than do 
females, i.e. male 2D:4D<female 2D:4D 
at the population level (Manning et al. 
1998; Cohen-Bendahan et al. 2005). The 
sex difference in 2D:4D can be identified 
at the end of the first trimester (Malas et 
al. 2006; Galis et al. 2010). The 2D:4D 
reflects this relative concentration of PT 
and PE in a narrow developmental win-
dow during foetal growth (Zheng, Cohn 
2011). During this brief phase of prenatal 
development, this relative balance of in-
trauterine sex hormones plays significant 
role in the “organisational” development 
of brain which, in turn, leave an endur-
ing influence on behavioural and person-
ality characteristics, which, particularly, 
show sexual dimorphism in the popula-
tion (Manning 2011; Hines et al. 2015). 
Although, there was evidence showing 
a lack of association between 2D:4D and 
prenatal hormones (Hikey et al. 2010; 
Nave et al. 2021), it was confirmed via 
animal models (Zheng, Cohn 2011; Au-
ger et al. 2013). On average, males show 
lower 2D:4D than females at the popu-
lation level and this sexual dimorphism 
is established during the end of the first 
trimester of foetal development (Malas et 

al. 2006; Galis et al. 2010). After this pe-
riod, the ratio remains almost unchanged 
for the rest life and remains stable even 
during puberty (McIntyre et al. 2005). 
The 2D:4D was linked with several phys-
ical and behavioural traits in humans 
(Manning 2008; 2011). Nevertheless, in 
congruence with the role of prenatal an-
drogens to manipulate behaviour through 
brain “organisation”, several behavioural 
traits having sex variation, such as, asser-
tiveness and risk-taking behaviour, also 
showed clear associations with higher 
PT level (Manning, Taylor 2001; Man-
ning et al. 2010; Apicella et al. 2008). All 
these characteristics, on the other hand, 
showed association with lower 2D:4D 
(Garbarino et al. 2011; Hönekopp 2011). 
Lower 2D:4D was also shown to be asso-
ciated with the choice of participation in 
specific types of sports, especially, those 
with relatively higher risk profiles, such 
as contact sports, among Polish men and 
women (Koziel et al. 2016; Kociuba et al. 
2017; Tomaszewska, Lubońska 2022) and 
also with ‘male-typical’ jobs in a range of 
occupations among women (Manning 
et  al. 2010; Kociuba et  al. 2016; Koziel 
et al. 2018).

One broad dimension of human be-
haviour that shows considerable sexual 
dimorphism across culture is ‘religiosity’ 
(Schmitt, Fuller 2015). Greater affiliation 
to religion in females than males across 
cultures were reported several times in 
scientific literature (Roth and Kroll 2007; 
Voas et al. 2013). In many religions, fe-
males tend to be more involved in a va-
riety of religious practices and to report 
stronger religious beliefs, commitment, 
salience, and spirituality than males 
(Hoffmen 2019). Most theories used 
the universally similar gender specific 
socialization and also the sex oriented 
biological differences between male and 



2D:4D ratio among the seminary students in Poland 97

female in order to explain such gender 
difference in religiousness (Trzebiatow-
ska 2012; Hoffmann 2019). However, 
one theory suggested that sexual dimor-
phism in risk preferences might also be 
attributed to the association of gender 
and religiousness in a  broader extent. 
In general, males, compared to females, 
tend to prefer risks and this translates 
into less frequent religious behaviours, 
such as attendance and prayer, and a di-
minished sense of importance of religion 
in life (Miller, Hoffmann 1995). Howev-
er, a growing body of evidence has indi-
cated that religiosity not only has psy-
chosocial, but also a physiological basis. 
For instance, data from large national 
surveys among older U.S. adults revealed 
that higher baseline levels of testosterone 
and dehydroepiandrosterone was clear 
predictors of religiousness whether meas-
ured by attendance at services or network 
connections to clergy (Das 2018).

As mentioned above, 2D:4D, being 
a marker of PT and sexually dimorphic, 
has been linked with several other sex-
ually dimorphic characters in humans. 
Thus, one might expect that it would 
also correlate with religiosity and other 
associated personality characters, as the 
former also shows a  distinct sex differ-
ence. However, studies showing associa-
tions of 2D:4D with such characteristics 
are hitherto limited. For example, de-
velopment of ‘paranormal’ and ‘super-
stitious’ beliefs, both suggested to rely 
upon a  common underlying factor (see 
Lindeman, Aarnio 2006), were reported 
to be associated with high 2D:4D (Rog-
ers et al. 2017; Voracek 2009). Besides, 
higher religiousness was associated with 
lower risk-taking behaviour (Pitel et al. 
2012). On the other hand, risk taking 
was linked with both testosterone (Api-
cella et al. 2008; Sapienza et al. 2009; 

Stark 2002) and 2D:4D (Garbarino et 
al. 2011; Hönekopp 2011). The 2D:4D 
in males was positively associated with 
beliefs in superstitions and the paranor-
mal (Voracek 2009), but not in females. 
On the other hand, Richards (2017) 
could not replicate similar associations 
and Ellis et al. (2016) reported no asso-
ciation between 2D:4D and religiosity. 
Another recent study (Richards et al. 
2018) pointed out that high 2D:4D may 
be relatively-specifically associated with 
increased religious affiliation in young 
and highly-educated females. However, 
in this study, the association with reli-
gious affiliation was observed in females 
but not males and the correlations with 
trait measures were all non-significant. 
Moreover, this study was a conglomera-
tion of two studies, of which, only one 
found a significant association. 

Therefore, the previous studies pro-
vided mixed evidence regarding the 
plausible connection between 2D:4D 
and religious attitude and/or choice for 
a  relatively more religious life, albeit, 
collateral evidence indicated a  possible 
link. It is worth mentioning here that 
Polish students undertaking military 
courses showed lower 2D:4D than civil 
students in previous studies. The former 
two groups represented two contrasting 
occupations based on risk profiles; the 
military chaplains involving higher in-
volvement with and exposure to risk re-
lated to a war front, whenever required, 
whereby, the seminary students were the 
religious leaders always serving in the 
ambit of a religious institution and living 
in a  religious way. In a  previous study, 
Polish students who chose military ser-
vices as a future career path showed low-
er 2D:4D than those who preferred civil 
jobs (Kociuba et al. 2016). Hence, in this 
present study, it was hypothesised that 



98 M. Kociuba, T. Kulik, R. Chakraborty, Z. Ignasiak, A. Rokita, S. Kozieł

seminary students would show a  high-
er 2D:4D than male military chaplains 
and civil course students. The aim of this 
study was thus to assess the association 
of 2D:4D with a religiously oriented oc-
cupation in contrast to others. 

Material and methods

Participants and settings
This cross sectional study included 122 
Polish male participants, 13 of whom 
were seminary students (students of 
theological seminary) as the experimen-
tal group with a mean (SD) age of 24.2 
(2.7) years. They were included from the 
Metropolitan Higher Theological Semi-
nary in Wroclaw (MHTS). The second 
group consisted of 18 military chaplains 
(mean age 33.5; SD 3.6 years). Another 
91 males as a control group were includ-
ed from the students undertaking civil 
study courses (mean age 29.9, SD 4.9, 
years) at the General Kuściuszko Mili-
tary Academy of Land Forces (GKMALF) 
in Wrocław. All participants were ap-
parently and reportedly healthy and de-
void of any abnormality or deformity in 
hands and fingers, in particular. Before 
inclusion, it was ensured if they were 
not compelled by any circumstance to 
choose the occupation, especially, for 
the clerks and chaplains. The seminary 
students, belonging to the MHTS, Wro-
claw, had chosen this opportunity for 
a  religious occupation and were admit-
ted in that institute. These students 
came from small towns and villages of 
South-Western Poland. They had to live 
in a hostel located within a closed cam-
pus and their daytime is strictly sched-
uled beginning and ending with com-
mon prayers in the seminary chapel. 
They took meals together and slept in 
shared rooms. They required obtaining 

permission of the authority to go out 
of the seminary campus. On the other 
hand, the military chaplains were re-
cruited during their officer ’s course that 
took place in Academy of Land Forces in 
Wroclaw. All chaplains were graduates 
from several different civil theological 
seminaries. After the completion of the 
course they were commissioned and del-
egated to military units as members of 
the clerics. 

Necessary permission was obtained 
from the authority of GKMALF and 
MHTS for conducting the study. In-
formed consents from all participants 
were also obtained during study. Ethical 
guidelines as per Helsinki Declaration 
were adhered to (Goodyear et al. 2007). 
Permission was granted to measure 
the seminary students for only one day 
during the lessons. On the day, 13 stu-
dents agreed to participate in the study. 
Military chaplains, as other professional 
soldiers, were subject to periodical tests 
of physical fitness at their institute (GK-
MALF), where they were measured on 
this occasion.

Anthropometry
Measurements of height with a  stadi-
ometer to the nearest 1 mm and body 
weight with a  standardized digital scale 
to the nearest 1g were recorded. During 
measurement the subjects wore light 
garments. The lengths of the second and 
fourth digits of each hand were measured 
to the nearest 0.1 mm by trained phys-
ical anthropologists (MK and TK) using 
a digital caliper (TESA SHOP-CAL). The 
finger lengths were recorded on the ven-
tral surface of the hand, from the mid-
point of the basal crease (most proximal 
to palm) to the tip of the digit. While 
measuring, the participant was asked to 
rest the hand on a flat table surface with 
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the ventral surface facing upward. The 
digits, except the thumb, were kept fully 
extended but relaxed and touching each 
others laterally (Manning et al. 1998). 
Another variable, right minus left hand 
2D:4D difference (DR-L), is considered to 
be an alternative marker of PT, and thus, 
is a sex dependent character in adults. It 
is also a  measure of “directional asym-
metry”. Larger or rightward biased DR-L 
values are, generally, expected in women 
compared to men (Rogers et al. 2017). In 
the present study, DR-L was also calculat-
ed and tested for its association, if any, 
with religiosity. 

Statistics
Descriptive statistics of mean and stand-
ard deviation were calculated for 2D:4D 
of each hand and for the average of two 
hands. As the sample size of the study 
appeared to be low and there was no 
option to increase the number of semi-
nary student participants, we attempted 
to check if the sample was statistically 
sufficient. As it was difficult to obtain 
a sufficient sample from among the reli-
gious students due to some reservations 
against permitting for such studies, we 
calculated a priori the minimum number 
of experimental subjects for the analyses 
to be carried out. For one-way ANOVA 
with 3 groups, with RMSSE fixed on 
0.25, α error type-I at 0.05, power of test 
0.80, the estimated required sample size 
was 79. Our number in ANOVA was 122 
for all individuals. Therefore, we expect-
ed a  fair statistical result from a  small 
sample size. One-way analysis of vari-
ance was employed to observe the signifi-
cance of difference in 2D:4D between the 
groups. Analyses of covariance (ANCO-
VA) with generalized linear model (GLM) 
were conducted to test the differences in 
2D:4D between the groups, allowing for 

age, height and BMI. These covariates 
were included in the model as controls 
as there is evidence that these might 
be correlated with 2D:4D in European 
– (Manning et al. 2021) and in Polish 
populations (Tomaszewska, Lubońska 
2022). Differences in mean (+SE) 2D:4D 
between the groups were assessed by 
Tukey’s post-hoc test for unequal sample 
size. The differences were also presented 
by appropriate diagrams (Fig. 1). All the 
statistical analyses were performed by 
Statistica 13.1 software (Dell Inc. 2016).

Results

Table 1 Shows the descriptive statistics 
of mean and corresponding standard 
deviation (SD) for 2D:4D between the 
study groups. The mean (SD) 2D:4D 
in right hand (F=4.20, p<0.05) and for 
average of both hands (F=3.67, p<0.05) 
differed significantly between the groups, 
whereas for left hand differences were 
not significant. Differences were also not 
significant for DR-L. The military chap-
lains showed the lowest and the semi-
nary students the highest, while the civil 
students showed intermediate values. 

Table 2 presents the results of ANCO-
VA performed to assess the significance 
of difference in 2D:4D among the three 
study groups after controlling for the in-
dependent effects of age, BMI and body 
height. The groups differed in respect of 
the right hand – (F=8.09, p<0.05) and 
also for both hands – (F=7.64, p<0.05) 
2D:4D, allowing for age, height and BMI. 
No significant effect of any of these con-
founding variables on digit ratio was ob-
served for any hand. Also, the DR-L did not 
exhibit any significant difference. Figure 
1 also demonstrates the differences be-
tween groups in each hand and for the 
average 2D:4D of both hands together.
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Table 1. Descriptive statistics of 2D:4D according to study groups and results of one-way ANOVA

Clergyman 
(N=13)

Military chaplains 
(N=18)

Civil students 
(N=91)

2D:4D Mean SD Mean SD Mean SD F p

Right 0.993 0.039 0.962 0.036 0.970 0.027 4.20 0.0173

Left 0.995 0.029 0.974 0.030 0.984 0.030 1.90 0.1539

Average 0.994 0.029 0.968 0.030 0.977 0.026 3.67 0.0284

DR-L -0.013 0.030 -0.003 0.037 -0.013 0.026 0.86 0.4278

Table 2. Results of MANOVA where the DR was dependent variables, groups independent and age, height 
and BMI covariates

Right hand Left hand Average of both hands DR-L

Wald’s χ2 p Wald’s χ2 p Wald’s χ2 p Wald’s χ2 p

Group 8.09 0.0175 4.32 0.1153 7.64 0.0219 0.54 0.7630

Age 0.50 0.4776 0.49 0.4836 0.63 0.4264 0.04 0.8454

Height 0.02 0.8967 0.32 0.5693 0.06 0.8044 0.59 0.4420

BMI 2.38 0.1229 0.30 0.5819 1.42 0.2340 0.61 0.4360

Fig. 1. Mean and 95% CI of 2D:4D for three study groups.

Discussion

The present exploratory study includ-
ed Polish seminary students, military 
chaplains and civil course students and 
assessed the association of 2D:4D with 
religiously oriented occupation by com-
paring the values of 2D:4D between 

these groups. The objective was to ob-
serve whether it differed between groups 
of participants belonging to religious and 
non-religious affiliations. The results re-
vealed that the seminary students had 
significantly higher 2D:4D than both 
the military chaplains and civil students, 
whereas, the military chaplains had the 
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lowest 2D:4D. It has been well known 
that religious characteristics in humans 
have gender differences that have been 
confirmed by recent studies in European 
populations (Robinson et al. 2018). It in-
dicated that prenatal androgen, particular-
ly, testosterone exposure, might be some-
how linked with the choice for a religious 
life and occupation, such as, a seminary 
student. However, there was no signifi-
cant difference in DR-L between the groups, 
similar to the studies by Voracek (2009) 
and Rogers et al. (2017), where this varia-
ble did not show a significant association 
with superstitious and paranormal beliefs.

Religious, paranormal, and super-
stitious beliefs could be associated with 
each other (Orenstein 2001; Ilory 2014). 
On the other hand, paranormal and su-
perstitious beliefs were reported to be 
associated with higher 2D:4D in males 
in one study (Voracek 2009) and in fe-
males in another (Rogers et al. 2017). 
However, a  plausible explanation for 
such associations is still lacking. Religi-
osity, however, was associated with low-
er risk-taking behaviour (e.g. Pitel et al. 
2012), and ‘irreligiousness’ was associ-
ated with short-sighted risky behaviours 
that might have a physiological basis, too 
(Stark 2002). As discussed earlier, Mill-
er and Hoffmann (1995) proposed that 
one key reason females were reported to 
be more inclined towards religious affil-
iations was their lower risk preference 
or higher average levels of risk aversion 
relative to males of the same population. 
In spite of many studies failing to show 
such association (Roth and Kroll 2007; 
Freese and Montgomery 2007), a recent 
replication study on European popula-
tions seemed to revive the possible role 
of risk preference, or at least, of risk be-
haviour, to account for sex difference in 
religiousness (Hoffman 2019).

It was shown in several studies that 
males, relative to females, tend to prefer 
risk and get more engaged in risk-taking 
behaviours (Byrnes et al. 1999; Charness 
and Gneezy 2012; Harris et al. 2006; 
Niederle 2015). Thus, the risk preference 
theory of religion advanced the analogi-
cal notion that risk preferences might ex-
plain why males were also less “religious” 
than females (Hoffman 2019). Thus the 
preliminary findings of association of 
2D:4D with religiousness or, in present 
case, with the occupation of seminary 
students, might correspond with the 
finding that higher 2D:4D is associated 
with lower levels of risk-taking behaviour 
or higher risk aversion (e.g. Hönekopp 
2011), compared to military chaplains, 
who showed significantly lower 2D:4D. 
However, such an analogy is based on 
the assumption that a  lower risk taking 
attitude is correlated with higher religi-
osity (Hoffman 2019; Miller and Hoff-
mann 1995). In that case, the underly-
ing association between risk preferences 
and religiosity might have their common 
association with 2D:4D, and thus, with 
prenatal androgen exposure and resulting 
brain organization during foetal develop-
ment. The origin of religiosity and it’s 
variation at the gender and population 
level could, thus, be comprehended with-
in the theoretical doctrine of intrauterine 
origin of human behaviour.

Studies have also identified that occu-
pational choices could be linked with PT 
exposure represented by 2D:4D measures. 
In a study on the Polish population, it was 
shown that individuals who chose study 
courses leading to military jobs (high risk) 
had lower 2D:4D compared to their civ-
il courses (low risk) peers (Kociuba et al. 
2016). Similarly, individuals choosing to 
become a police officer had lower 2D:4D 
than those preferring civil professions 
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(Koziel et al. 2018). Even the voluntary se-
lection of high risk sport, such as judo, as 
compared to low risk ones, such as aero-
bic exercises, was associated with relative-
ly lower 2D:4D (Kociuba et al. 2017). In 
brief, the findings of these studies together 
indicated that the choice of careers based 
on their respective risk profiles, or ele-
ments associated with those jobs, may be 
correlated with prenatal androgen environ-
ment, and therefore, pointing to 2D:4D 
value. Perhaps, one of the most important 
findings of this present study was that the 
seminary students not only showed high-
er 2D:4D values than the military chap-
lains, but also than with the civil courses 
students. This indicated that individuals 
with a higher religious orientation, or at 
least with higher religiosity, may consti-
tute a  distinct group with higher 2D:4D 
within the population. This relatively 
higher (‘feminine’) digit ratio among sem-
inary students is probably linked through 
broader associations between higher risk 
aversion, and ‘femininity’. However, it is 
too premature to conclude on this issue 
without further detailed analyses using 
objective measures of risk taking and re-
ligiosity along with 2D:4D.

As stated earlier, hitherto there has 
been only one study (Richards et al. 2018) 
available on the online database regarding 
the association of 2D:4D with self-report-
ed religious affiliation, general religiosity, 
spirituality, religious fundamentalism, 
and religious commitment among the 
university students and in the general 
population. Females who were affiliated 
with organised religions had higher dig-
it ratios compared to agnostic or atheist 
females. No other measure of religiosi-
ty was related to 2D:4D in either of the 
two study groups (Richards et al. 2018). 
In this context, the present study is novel 
and needs further confirmation based on 

a  larger sample and precise measures of 
religiosity. The small sample of the sem-
inary students was an acute limitation 
of our study, albeit, it narrowly fulfilled 
statistical requirements. However, from 
another point of the findings, the relia-
bility of the study, perhaps, increased as 
there was a significantly clear distinction 
of the seminary students from both mil-
itary chaplains, as well as from another 
set of the general population. Besides, 
it is worth mentioning here that the de-
velopment of religiosity since childhood 
may also be influenced by parental belief 
patterns and also by the cultural environ-
ment. Therefore, some consideration of 
cultural/societal influences on the devel-
opment of religious beliefs would be very 
useful in further studies in order to eval-
uate the chance that the effects of PT are 
overwritten by the much larger effects of 
cultural upbringing of an individual. Be-
sides, parental/societal influences regard-
ing paranormal/superstitious beliefs may 
be much less pervasive than those relating 
to religion. This could potentially explain 
why 2D:4D effects relating to the former 
have been observed but there is currently 
much less evidence for the latter. Howev-
er, before attempting to draw some con-
clusion on the outcome of the study this 
is worth reminding that the first study by 
Voracek (2009) which had reported a link 
between paranormal belief and 2D:4D is 
not highly confirmative and the attempt 
of Rogers et al (2017) could not satisfacto-
rily replicate it. It is also not clear whether 
we should consider paranormal behaviour 
in the same way that we do for religiosi-
ty in the context of their plausible asso-
ciations with 2D:4D. Furthermore, as 
regards religiosity, Richards (2017) could 
not replicate similar associations and Ellis 
et al. (2016) reported no association be-
tween 2D:4D and religiosity.
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To conclude, our study, in congruence 
with that of Richards et al. (2018) indi-
cated that the individuals with higher 
digit ratio might relatively be more dis-
posed to religious life, in males. However, 
every conclusion drawn from this study 
should be treated with caution in view 
of the inherent limitations of the study, 
such as the participants’ religiosity was 
not measured in this study. Only the 
choice of study course was perceived as 
a proxy to religious inclination. as stat-
ed above, particularly, the low sample of 
one participant group. Besides, the study 
included only male participants. Data 
on religiosity of females might provide 
further insights into the plausible asso-
ciation of religiousness and prenatal con-
dition. However, the most crucial limita-
tion of this study, perhaps, was the small 
sample of seminary students. Finally, 
although the risk preference theory has 
been popular in religious studies, its ef-
ficacy to explain religious differences in 
terms of biological differences between 
females and males has been controver-
sial (Stark 2002; Miller, Stark 2002; Sul-
lin 2006). Studies on religiosity relating 
to testosterone and digit ratio across cul-
tures in varied social contexts would add 
to the knowledge of prenatal origin of hu-
man behaviours.
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AbstrAct: The tribal population (8.6%) is vulnerable to neonatal mortality and morbidity in India. Birth 
weight is an important decisive factor for most neonatal survival and postnatal development. The present 
study aims to compare the prevalence and associations of certain socio-economic, demographic, and 
lifestyle variables with low birth weight (LBW) among tribal and non-tribal populations in India. The 
present investigation utilized retrospective data of the National Family Health Survey (NFHS-4, 2015–
16) among tribal (N=26635) and non-tribal (N=142162) populations in India. Birth weight variation 
of the newborn was categorized into LBW (<2500 gm) and NBW (≥2500 gm). ANOVA, chi-square (χ2) 
analysis, and binary logistic regression (BLR) were applied using SPSS (version 16.0). The prevalence of 
LBW was higher in non-tribal (17.2%) than tribal (13.5%), and the population-specific birth weight was 
significantly higher in tribal than non-tribal population (p<0.01). Higher tribal population concentration 
(47.0%)  areas has a lower (7.4%) prevalence of LBW in the northeast zone, whereas greater non-tribal 
population concentration (27.1%) areas was found higher in the central zone (19.2%). The BLR analysis 
showed that rural habitat, lower educational attainment, lack of own sanitary toilet facility, a lower wealth 
index, absence of electricity, high pollutant fuel exposure, Hindu and Muslim religion, elevated maternal 
age at first birth, maternal anemia as well as home delivery of newborn have greater odds for LBW (p<0.05). 
In India, tribal populations are vulnerable and marginalised; their birth weight is significantly higher than 
that of non-tribals, and they have a lower prevalence of LBW and higher female birth rates. Mother’s socio-
economic status and perceptions towards hygiene and better lifestyles acquired by educational upliftment 
positively affect the birth weight of the newborn in both the tribal and non-tribal population in India.

Key words: Birthweight, Low Birth Weight, Tribal population, Socio-Demographic variables
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Introduction

Birth weight is the most decisive single 
most factor associated with perinatal, 
postnatal and neonatal mortality in sev-
eral developing countries. It has a  long-
term negative impact on neonate’s sur-
vival, physical growth and development, 
health status, anthropometric parame-
ters and cognitive development during 
childhood to adulthood (Mondal, Dey, 
Sen 2018; Khan, Mozumdar, Kaur 2020). 
The birth weight is defined as the first 
weight of the newborn, which is clas-
sified as Normal birth weight (NBW) 
≥2500 gm, and Low birth weight (LBW) 
<2500 gm (WHO 2004). The LBW en-
counters due to intrauterine growth re-
tardation, preterm deliveries and growth 
retardation are attributed to mortality, 
morbidity, environment conditions, ma-
ternal characteristics and health status, 
poverty, social-demographic disparities 
and economic burden among vulnera-
ble segments of the population (Metgud, 
Naik, Mallapur 2012; Talie, Taddele, 
Alemayehu 2019). Although, the preva-
lence of LBW has declined over the past 
decade, it is still considered as one of the 
major public health problems in India, 
where a sizable number of research stud-
ies have reported the population-specific 
prevalence of LBW (ranged between 10% 
to 56%) (Sen, Roy, Mondal 2010; Raviku-
mar, Rajeshkannan 2016; Toshniwal et 
al. 2017; Dey, Mondal, Dasgupta 2019; 
Khan, Mozumdar, Kaur 2020). The pop-
ulation-specific birth weight variation 
has been a prime concern that has been 
significantly influenced by certain deter-
minant factors including parental genetic 
(Lunde et al. 2007; Mallia et al. 2017), 
maternal anthropometrics and nutrition-
al status (Papazian et al. 2017; Azcorra 
and Mendez 2018), demographic condi-

tion (Haldre et al. 2007; Schempf et al. 
2007), socio-economic status (Olson et 
al. 2010; Martinson, Reichman 2016), 
lifestyle factors (Abraham et al. 2017; 
Kataoka et al. 2018) and seasonal vari-
ations (Mondal, Dey, Sen 2018; Zhang, 
Yu, Wang 2017).

In the present globalized and ever-  
-changing world, the tribal populations 
are also facing difficulties to sustain 
a strategic distance from its impact in In-
dia. These populations have experienced 
significant socio-economic, demograph-
ic and epidemiological transitions that 
directly or indirectly affect their health 
status, nutrition and disease outcomes 
(Kumar, Pathak, Ruikar 2020; Bharali, 
Mondal 2021). As per Census (2011), 
a total of 8.6% population belongs to vari-
ous tribal communities dispersed over 30 
states and 6 union territories across In-
dia. The tribal populations has remained 
isolated from the mainland development 
activities to a greater extent compared to 
non-tribal community; often living in dis-
tant, hilly and forest areas. However, ow-
ing to their unique cultural practices and 
ethnic distinctions, these populations 
have always been focused on population 
investigations (Kshatriya, Acharya 2016; 
Singh et al. 2020). The tribal popula-
tions have a rich ethno-medicine knowl-
edge and strictly follow their traditional 
practices. Presently, in spite of coexist-
ing with other non-tribal communities, 
the tribal populations are still following 
their inherited traditional knowledge for 
their livelihood (Ministry of Tribal Affairs 
2018; Narain 2019). The prevalence of 
poverty and inaccessibility of healthcare 
facilities make the tribal populations ex-
ceptionally vulnerable in terms of health 
status, maternal morbidity and mortality, 
nutritional status and poor reproductive 
outcomes (Moosan et al. 2019; Das et al. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mallia%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28326758
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2020; Bharali, Mondal 2021). Moreover, 
the health status of indigenous or tribal 
population provides important insight in 
terms of implementation of appropriate 
public health strategies to the concerned 
population. National Family Health Sur-
vey -4 (2015–16) reported that the child 
mortality (<5 years) was 57.2 per 1000 
live births among the tribal population, 
significantly higher as compared to 38.5 
per 1000 live births among non-tribal 
populations. The infant mortality rate 
was 44.4 per 1000 live births while oth-
ers of 32.1 per 1000 live births in India 
(IIPS 2017; Ministry of Health & Fami-
ly Welfare and Ministry of Tribal Affairs 
2018). The tribal newborns have 19.0% 
greater risks of neonatal morbidity and 
45.0% higher chance of post-neonatal 
morbidity compared to non-tribal new-
borns in India (Anderson et al. 2016). 
Several researchers have reported that 
majority of the tribal populations are suf-
fering from a high disease burden which 
includes communicable and non-com-
municable disease, poor reproductive 
outcomes, mental health, malnutrition 
(both overweight-obesity and undernu-
trition) and poor health-seeking behav-
iours in the population (Kshatriya, Acha-
rya 2016; Kumar, Pathak, Ruikar 2020; 
Bharali, Mondal 2021). Maternal health-
care service utilization, antenatal care, 
immunizations services and healthcare 
delivery were significantly lower among 
tribal than non-tribal population due 
to the lack of education, awareness and 
lack of transportation facilities in India 
(NFHS-4 2015–16; IIPS 2017; Ministry 
of Health & Family Welfare and Minis-
try of Tribal Affairs 2018; Bharali, Mon-
dal 2021). Recent investigations have 
shown a  large birth weight variations 
(i.e., LBW) among numerous tribal pop-
ulations across India (Thakre et al. 2018; 

Narwade, More 2018). The prevalence 
of LBW has shown multiple causes and 
manifestations, and reducing such mag-
nitude has been recognized as a  public 
health priority, as population-specific, 
systematic and comprehensive strategies 
are necessary for the target population. 
Moreover, the population-specific inves-
tigations are necessary to understand and 
identify the possible association between 
determinant variables. This, in turn, re-
quires a special attention to the research-
er due to estimating the magnitude, 
ethnic variations and possible mecha-
nism of a biological variable (i.e., LBW). 
The present study attempts to compare 
the prevalence of LBW among the tribal 
and non-tribal populations in India and 
ascertain the associations of socio-eco-
nomic, demographic and lifestyle var-
iables with newborn’s birth weight in 
India. The findings of the present inves-
tigation are essential to implementation 
of appropriate intervention strategies in 
order to improve the overall health sta-
tus, socio-economic conditions, related 
to specific reproductive outcomes (e.g., 
LBW) among the vulnerable segment of 
populations.

Material and methods

The present cross-sectional investigation 
was carried out utilising the secondary 
data from the National Family Health 
Survey (NFHS-4, 2015–16) undertaken 
by the International Institute for Popu-
lation Sciences (IIPS), Mumbai, India. 
This study sample consists of 259627 
birth weight data from a  total of thirty 
states and six Union Territories of India. 
The sample included 168797 neonates 
were analysed in the present investiga-
tion, where a total of 142162 and 26635 
of the neonates belonged to various 
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non-tribal and tribal populations, respec-
tively. It is to be mentioned that the de-
crease in analysed sample size was due to 
the elimination of outlying observations 
along with twin or multiple births and 
‘not adjure resident’ (not present during 
data collection).

Variables
The dependent variable was birth weight 
variation of the newborn and was cate-
gorized into LBW (<2500 gm) and NBW 
(≥2500 gm) (WHO, 2011). The birth 
weight ranges are selected from 1500–
4500 gm as extreme LBW (<1500 gm), 
and extreme overweight (>4500 g) new-
borns were excluded from employing 
outliers. The independent variables were 
the type of place of residence (rural, ur-
ban), religion (Hindu, Muslim, Other), 
age of respondent at 1st birth (≤19 years, 
20–29 years, ≥30 years), level of anaemia 
(severe, moderate, mild, not anaemic), 
level of mother’s education (illiterate, 
primary, secondary, higher), presence of 
electricity (yes, no), type of toilet facili-
ty (sanitary, not sanitary), toilet facili-
ties shared with other households (yes, 
no), type of cooking fuel (high pollut-
ant, low pollutant), sex of child (male, 
female), place of delivery (home, insti-
tution), family wealth index (poorest, 
poorer, middle, richer, richest) and zone 
(central, east, north, north-east, south, 
west). High pollutant fuel group consists 
of kerosene, coal, lignite, charcoal, wood, 
straw, shrubs, grass, agricultural crop, 
animal dung and others, whereas low 
pollutant fuel group consists of electric-
ity, Liquified Petroleum Gas (LPG), nat-
ural gas and biogas. A total of 30 Indian 
states and union territories were divided 
into six zones/regions as per NFHS cate-
gorization. The wealth index was meas-
ured on household assets and facilities. 

Households were given scores based on 
the number and kinds of consumer goods 
they owned, ranging from a television to 
a  bicycle or car, and housing character-
istics such as the source of drinking wa-
ter, toilet facilities and flooring materials. 
These scores were derived using principal 
component analysis. The calculation of 
the wealth index was done by the IIPS 
itself and was contained in the data sup-
plied. In case of sharing of toilet facility, 
those who have no toilet facility exclud-
ed from the overall data set. Therefore, 
a total of 70317 cases are not included, 
and a total of 5% (821) data on maternal 
anaemia was also found to be missing 
from the dataset.

Statistical Analysis 
The statistical analyses were conducted 
using the Statistical Package of Social 
Sciences (SPSS, version 16.0). Data were 
divided into two sub-groups, i.e. tribe 
and non-tribe, all the data mentioned as 
scheduled tribes were clustered in Tribe 
groups and the remaining populations 
were accumulated into the non-tribe 
community. The frequency distribution 
was depicted in terms of descriptive sta-
tistics (mean and standard deviation). 
The mean comparisons of birth weight 
between the sexes (male and female) and 
the populations (tribal and non-tribal) 
were analysed using One-Way Analysis 
of Variance (ANOVA). The chi-square 
(χ2) analysis was performed to assess the 
significant prevalence of LBW among 
newborns. The binary logistic regression 
(BLR) analysis was carried out to deter-
mine the simultaneous effects of covari-
ates on the dependent variable (i.e. LBW). 
The dependent variables were dichoto-
mous in nature and entered in the BLR 
analysis, where newborns with LBW were 
coded as ‘0’ and NBW as ‘1’. A p-value of 
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<0.05 was considered being significant, 
and 95% Confidence Interval (CI) was 
used to determine the strength of associa-
tion between independent and dependent 
variables in separate population-specific 
regression analysis. Similarly, the inde-
pendent variables were entered as a set of 
dummy variables and odds were obtained 
by comparing the reference category. The 
reference categories for the independent 
variables were ‘urban’ residence, ‘Other’ 
religion, ‘≥30’ years age of respondent at 
1st birth, ‘non-anaemic’, ‘higher’ educa-
tional status, presence of ‘electricity’ and 
‘sanitary toilet facility’, ‘own’ toilet, ‘low 
pollutant’ cooking fuel, ‘richest’ wealth 
index, ‘male’ child, ‘institutional’ deliv-
ery and ‘West’ zone of India.

Results 

A total 168797 birth records were select-
ed, of which 26635 (15.8%) and 142162 
(84.2%) were tribal and non-tribal, re-
spectively. However, while the overall 
prevalence of LBW was 16.6%, the tribal 
population was 13.5% and the non-trib-
al group had 17.2% LBW neonates inde-
pendently. The results of ANOVA showed 
that, the population specific mean dif-
ference was significantly higher among 
tribal population (2919.23±539.299 
gm over 2809.30±540.480 gm), and 
sex-specific mean difference was lower 
among male children (2855.16±547.149 

gm over 2794.99±533.970 gm), though 
in both population the mean birth weight 
was lower in case of girl child (Table 1). 

Descriptive analysis of independent 
variables among Tribal and Non-tribal 

communities

The descriptive statistics of newborn’s 
birth weight and maternal variables are 
presented in (Table 2). The prevalence of 
girl child is higher among tribes (51.5% 
over 47.2%) and in both communities’ 
girls have a  greater prevalence of LBW. 
In the study population, the tribes have 
maximum numbers of Hindus (53.0%), 
followed by the ‘other’ religious group 
(47.6%) and very nominal frequency of 
Muslims (2.6%), though Muslims have 
17.5% LBW babies nearer to the Hindus 
(18.7%). On the other hand, the distribu-
tion of population according to religious 
belief widely ranged from Hindus (82.2%), 
Muslims (12.9%) and others (5.3%) but 
the prevalence of LBW newborns was 
not very much dispersed among the var-
ious religious groups i.e. Hindu (17.4%), 
Muslims (16.5%) and others (16.0%) 
among non-tribal populations. The ear-
ly age of first child birth i.e., teenager 
mothers (≤19 years) having maximum 
(14.7%) number of LBW followed by the 
age groups 20–29 years (13.1%) and el-
derly (10.4%) mothers, though among 
the non-tribal group the elderly (18.1%) 

Table 1. Descriptive statistics and mean differences of newborn’s birth weight among tribal and non-tribal 
population in India 

Variables Tribe Non-tribe F-value P-value

Birth weight LBW
NBW

2044.88±237.099
3055.96±435.066

2010.15±245.933
2975.25±424.336

63.167
691.151

<0.001
<0.001

Sex Female
Male

2886.03±524.589
2950.46±550.979

2777.46±533.982
2837.74±544.651

95.275
442.089

<0.001
<0.001
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mothers having maximum numbers of 
LBW followed by teenager mothers i.e. 
≤19 years (17.4%) among the tribal pop-
ulation. Zone wise distribution of birth 
weight differed considerably between the 
tribe and non-tribe communities. The 
tribal population was highly concentrat-
ed with a  minimum LBW prevalence 
(7.4%) to the North east (47.2%), while 
the LBW level to the North and West 
region was highest (21.0%) whereas the 
overall tribal population was 7.5% and 
7.9% respectively. The non-tribal popula-
tion, on the other hand, had the highest 
LBW prevalence (19.2%) and population 
concentration (27.1%) in Central region 
and the lowest LBW prevalence (13.1%), 
and population concentration (6.4%) in 
the North east region.

BLR analysis of independent variables 
among tribal population

In BLR analysis, all the independent var-
iables had significant association with 
the prevalence of LBW (p<0.05). Rural 
population had greater chance (odds: 
1.814; 95% CI: 1.634–2.013; p<0.001) 
of having LBW new-born. There was 
a clear indication that the Hindus having 
the highest odds (odds: 2.741; 95% CI: 
2.534–2.964; p<0.001), followed by the 
Muslims (odds: 2.537; 95% CI: 2.055–
3.133; p<0.001). Additionally, mother’s 
age at first pregnancy between 20–29 
years (odds: 1.145; 95% CI: 1.064–1.232; 
p<0.05) and ≥30 years (odds: 1.493; 
95% CI: 1.233–1.807; p<0.05) had high-
er odds of having LBW. Severe (odds: 
2.307; 95% CI: 1.713–3.106; p<0.001) 
and even moderate level (odds: 1.516; 
95% CI: 1.364–1.685; p<0.001) of anae-
mic mothers have higher odds. Women 
who were non-educated (odds: 2.715; 
95% CI: 2.262–3.259; p<0.001) exhibit-

ed a higher odds value than those with 
primary education (odds: 1.906; 95% 
CI: 1.572–2.312; p<0.001). The results 
further showed that absence of electric-
ity (odds: 1.410; 95% CI: 1.271-1.563; 
p<0.001), having shared (odds: 1.207; 
95% CI: 1.035–1.408; p<0.001) and 
no sanitary toilet (odds: 1.938; 95% CI: 
1.796–2.091; p<0.001), high pollutant 
fuel users (odds: 1.930; 95% CI: 1.755–
2.122; p<0.001), female child (odds: 
1.115; 95% CI: 1.039-1.196; p<0.001) 
and home delivery (odds: 1.151; 95% 
CI: 1.049–1.264; p<0.001) had highly 
significant effects on the birth weight of 
newborn. Decrease in wealth index indi-
cates an increased odd of having LBW.

BLR analysis of independent variables 
among non-tribal population

In BLR analysis, among the non-tribes, 
no significant association was found 
among the rural people with the preva-
lence of LBW (p>0.05) though higher 
odds are found among rural population 
(odds: 1.024; 95% CI: 0.993–1.056; 
p<0.001). Women faithful to Hindu 
(odds: 1.104; 95% CI: 1.037–1.176; 
p<0.001) and Muslim (odds: 1.037; 
95% CI: 0.965–1.116; p<0.001) religion 
having significantly higher odds of being 
LBW babies. The results further showed 
that age at first pregnancy between 20–29 
years (odds: 1.073; 95% CI: 1.042–1.105; 
p<0.05) had higher and age at first preg-
nancy ≥30 years (odds: 0.981; 95% CI: 
0.901–1.067; p<0.05) had lower odds 
of having LBW. Moreover severe anae-
mic level (odds: 1.399; 95% CI: 1.219–
1.605; p<0.001), no education (odds: 
1.456; 95% CI: 1.384–1.533; p<0.001), 
primary education (odds: 1.466; 95% 
CI: 1.385–1.551; p<0.001), absence of 
electricity (odds: 1.054; 95% CI: 1.008–
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1.102; p<0.001), sharing (odds: 1.157; 
95% CI: 1.104–1.212; p<0.001) and 
without sanitary toilet (odds: 1.090; 
95% CI: 1.060–1.120; p<0.001), high 
pollutant fuel (odds: 1.157; 95% CI: 
1.124–1.191; p<0.001), lesser wealth in-
dex (odds: 1.289; 95% CI: 1.231–1.349; 
p<0.001), female child (odds: 1.177; 95% 
CI: 1.145–1.210; p<0.001), home deliv-
ery (odds: 1.223; 95% CI: 1.161–1.288; 
p<0.001) and North-east zone (odds: 
1.448; 95% CI: 1.342–1.563; p<0.001) 
had highly significant effects on the birth 
weight of a new born (Table 2). 

Discussion

The prevalence of LBW is one of the most 
significant measures of reproductive out-
comes of intrauterine growth retardation, 
and determines the risks of mortality, 
morbidity and inadequate development 
and overall survival of newborns (Sen, 
Roy, Mondal 2010; Dey, Mondal, Das-
gupta 2019; Khan, Mozumdar, Kaur 
2020). The present investigation re-
ports the existence of the newborn’s 
birth weight variations among tribal and 
non-tribals populations in India, utiliz-
ing NFHS-4 data (2015–2016) (Table 1). 
The prevalence of LBW was significantly 
higher among the non-tribal groups than 
the tribal populations (p<0.001). Simi-
larly, the mean birth weight was signifi-
cantly higher among tribal than non-trib-
al populations (p<0.01) (Table 1). The 
sex-specific mean LBW was higher 
among females than males in both trib-
al and non-tribal populations (p<0.05). 
The overall prevalence of LBW was ob-
served to be 13.5% and 17.2% among 
tribal and non-tribal populations, in In-
dia utilizing NFHS-4 (2015–16), respec-
tively (Table 2). Interestingly, the present 
investigation showed that regions with 

a  higher concentration of tribal popu-
lations had a  lower prevalence of LBW, 
and higher magnitude of LBW observed 
among the non-tribal population in In-
dia. Thus, present study suggests that 
a lower prevalence of LBW among tribal 
than the non-tribal population in India, 
is attributed to community unity and 
rich indigenous knowledge, tradition-
al healthcare practices, ethnomedicine 
use and cultural practices in population 
(Narwade, More 2018; Pushpangadan, 
George 2010).

Several researchers have reported 
that aside from the health concern, LBW 
is a  socio-economic burden due to so-
cio-economic inequality (Borah, Agar-
walla 2016; Patale, Masare, Bansode 
2018). They argue that an improvement 
in socio-economic status can provide 
better facilities such as nutritious food, 
electricity, appropriate sanitary facilities, 
improved education, which may act as 
a  safeguard to the attainment of appro-
priate newborn’s birth weight for future 
generations. Therefore, the wealth index 
is strongly associated with the LBW prev-
alence, which has lower odds of being 
LBW in the higher ranges of wealth in-
dices (Table 3). The advent of electrici-
ty appears to be related to development 
and modernity, with the acquisition of 
lights and improvement as well as the 
better use of time and staying connected 
with the outside world on electronic me-
dia by another. It can be confirmed that 
electricity’s presence does not influence 
the imminent newborn’s birth weight 
directly, but influences with major deter-
minants may be found very powerful to 
describe the biological outcome in a pop-
ulation. Tshotetsi et al. (2019) have re-
ported that the absence of electricity in-
dependently increased the odds of being 
LBW in the South African population.  

https://www.researchgate.net/scientific-contributions/P-Pushpangadan-48726121?_sg%5B0%5D=CWR8XAZuePWfVKh7aWGtmBIQEnYIQWXskiz3fRfzvEt_LRJUI4q-6FxVlOuuPZsQ-6eDBVs.fV0GUmh26ojONLTQsOlGK9Llz5mrbXvDXL-mIRjrl77amXs8Sp1aDaaSg60gQn7iNM1c6EPft0t4gfIoh-52Vg&_sg%5B1%5D=5F0-fi_LryqrBj-GrbZKA2e5c2FRA4fFkb3f9R3KTVyG1A6F3bkHi6QjTaGnmNZYg7LdpW8.CyD_swIz6GmyrZnmm75ymnQ2iYTIijYMUqcIFwO2eO4cypy7DM53dfYH2E798ccfkh9vJ0rl-_hXTcYPrRn_OA
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However, these types of research investi-
gations are rare in the Indian context. In 
this study, it has been observed that trib-
al people mostly use high pollutant fuel 
(e.g., wood, coal, straw, grass) (75.3% vs. 
63.7%) which may be due to the easier 
availability of these resources near their 
habitat. Interestingly, they also produce 
a lesser frequency of LBW babies than the 
non-tribal group (15.2% vs. 17.9%), pos-
sibly due to the overall prevalence of LBW, 
the number of babies are much high-
er among non-tribal compared to tribal 
groups (Table 2). Households using high 
polluting fuels find adverse in contrast 
with safer fuels, with increased chances 
of LBW in populations in already report-
ed by other investigations (e.g., Pope et al. 
2010; Milanzi, Namacha 2017). Biomass 
as fuel has released high levels of harmful 
chemicals, such as carbon dioxide, sus-
pended particulate matter, ozone and for-
maldehyde, which are likely to penetrate 
into maternal blood and directly impact 
the foetus and may result in a rise in the 
risks of LBW (e.g., Glinianaia et al. 2004; 
Naeher et al. 2007).

Researchers have reported that ma-
ternal education has a  protective effect 
on newborns birth weight. It is evident 
from the present study that lack of ed-
ucation has significantly increased the 
prevalence of LBW babies in both tribal 
and non-tribal populations (p<0.01). In 
this sense, tribal populations are more 
vulnerable to the better-educated moth-
er than the non-tribal populations in 
India (Table 3). Similar findings report-
ed in the case of a sanitary toilet facility, 
and its sharing with other households 
in non-tribal populations (p<0.05). The 
event of home delivery was remarkably 
high in both populations (Table 3). The 
total home delivery preferences were 
observed to be lower in the non-tribe 

group; meanwhile, the magnitude of 
LBW was observed to be higher among 
the non-tribe community. Perhaps the 
tribal’s are more acquainted with prena-
tal care in their homes. Level of educa-
tion seems to be a  significant predictor 
of maternal nutrition and health status 
by taking wise decision while choosing 
food or eating habits and utilizations of 
healthcare facilities ( Hassan et al. 2017; 
Bharali, Mondal 2021), although, some 
contradictory studies reported insignifi-
cant association in populations (Solanki 
et al. 2012; Noor et al. 2015). Several re-
searchers have also reported that educa-
tion increases the safe hygiene practices 
in communities (Dreibelbis et al. 2013; 
Padhi et al. 2015), which may prevent 
adverse pregnancy outcomes from infec-
tions or stress during pregnancy. A hos-
pital-based study from sub-Saharan Af-
rica has reported a  higher risk of poor 
obstetrics outcome among babies born to 
mothers using shared sanitation facilities 
(e.g., Olusanya, Ofovwe 2010). Similar-
ly, recent research investigation has re-
ported a significant associations between 
sanitation, types and sources of drinking 
water and poor reproductive outcomes 
(i.e., preterm birth and LBW) among 
women in India (Baker et al. 2018; Patel 
et al. 2019). Moreover, mother’s educa-
tion influences them to choose the right 
place of delivery, which may not directly 
affect the variation of birth weight, but 
may be due to enriched medical facilities 
and the skilled help of the health worker 
during the delivery crisis. 

The analysis of the demographic fac-
tors showed that the urban populations 
found to have many benefits, such as bet-
ter access to healthcare services, which 
may support a healthier child and proper 
antenatal and natalcare in comparison to 
the rural population. However, in rural 

http://www.amhsjournal.org/searchresult.asp?search=&author=Naziya+Noor&journal=Y&but_search=Search&entries=10&pg=1&s=0
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non-tribal people, the LBW prevalence 
is higher than in a  rural population. In 
the present investigation, most of the 
mothers in both the non-tribal and tribal 
groups (96.7% and 89.6%, respectively) 
believed in the Hindu religion and com-
parison, with Muslim and other religious 
believes, and Hindu mother experiencing 
higher LBW newborns. Moreover, this 
could be attributed to a  particular reli-
gion having some significance in various 
cultural practices, which in turn may 
affect the newborn’s birth weight. Previ-
ously reported studies are in support of 
the present investigation that maternal 
religious attendance was found to have 
protection against LBW (Burdette et al. 
2012; Shahnawaz et al. 2014). Howev-
er, several investigations have reported 
inconsistency in the population (Van 
Den Oord, Rowe 2001; Khatun, Rahman 
2009). There are plenty of studies in 
which the effect of maternal age (i.e. their 
chronological age) has ascertained the as-
sociations with birth weight. However, 
in Indian literature, the effect of age at 
first childbirth of mother is uncommon. 
Further, height and pelvic dimensions are 
almost complete by two years after me-
narche, which supports the importance 
of low maternal age at first birth as an 
exposure. A  recent study conducted in 
the USA has indicated that at first births 
the increased risk of adverse pregnancy 
and birth outcomes are more prevalent 
among the women of young and advanced 
maternal ages (Schummers et al. 2019). 
This research has a  conflicting impact 
between tribal and non-tribal popula-
tions, based on the influence of mother’s 
age at first birth on birth weight. Elevated 
maternal age has a negative effect on the 
birth weight of the newborn in non-trib-
al communities, but it does not work for 
the tribal population in India. Anaemia 

is one of the most prominent haemato-
logical predictors of gestational compli-
cations and adverse birth outcomes. Ear-
lier studies have reported that maternal 
anaemia has remarkable effects on birth 
weight of a child (Figueiredo et al. 2018; 
Kumari et al. 2019), which is supported 
by this investigation results that higher 
odds of having LBW is assistance by the 
severe anaemic mother both tribal and 
non-tribal population (Table 3). 

Conclusion

The tribal population of India is pre-
dominantly inhabited in mostly rural 
and remote areas. Despite being most 
disadvantaged, oppressed and showed 
higher mean birth weight, the tribal 
population exhibits a  lesser prevalence 
of LBW and played a  better role in sex 
ratio and a higher percentage of birth of 
girl child in comparison to the non-trib-
al population in India. Home deliveries 
are preferable for the tribal population, 
and the LBW prevalence was lower than 
the non-tribes population because of 
their rich traditional healthcare practic-
es. Therefore, neonatal and post-natal 
care should be improved immensely in 
the tribal population in order to reduce 
neonatal mortality and morbidity, which 
may be  due to higher household deliver-
ies performed in population. The analy-
sis of socio-economic status and percep-
tions towards hygiene and better lifestyle 
acquired by educational upliftment have 
been found to have an equally positive 
impact on birth weight of newborn on 
both tribal and non-tribal populations. 
Prevalence of LBW among the tribes was 
observed to be lower than the overall sce-
nario of the country but still has found 
to be an alarming situation. Therefore, 
an appropriate healthcare intervention 
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and awareness programme are necessary 
to improve the existing LBW statistics 
among tribal as well as the non-tribal 
population as well as enhance the overall 
child health scenario.
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