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Abstract
Conditions in the early stages of life shape body size and proportions. This study includes individuals who came
from different socio-economic conditions and worked in physically demanding jobs in childhood. By deter-
mining the body sizes of these individuals and evaluating the proportional relationships between several groups,
the goal was to understand the effect levels of socio-economic levels and working conditions on the body. For
this purpose, an anthropometric study was conducted on 623 males and females between the ages of 20 and 45
living in Samsun, Turkey. The study sample consisted of four different groups. It was divided into two main
groups of high and low socio-economic level, and the low socio-economic group was divided into two sub-
groups of heavy-worker and nonheavy-worker. The results demonstrated that socio-economic differences in the
size and proportions of the individuals were statistically significant (p<0.05). The high socio-economic group
had the highest values in all measures. External factors affected the lower limbs more than the upper limbs. The
measurement most affected by these factors was leg length. Longer legs characterized the high socio-economic
group, while longer arms characterized both low socio-economic groups. The relative differences observed can
be said to derive from the distal limbs. This finding was valid for both sexes. The average values were close to
each other in the low socio-economic group, for which the aim was to comprehend the effects of heavy working
conditions. However, differences in proportional relationships were more significant. In this context, it was seen
that heavy labour also affected growth, in addition to the well-known factors encountered during the growth
period, such as nutrition, health, and illness. The observed changes were more significant in males than in
females. Thus, it can be said that males were more affected by physiological and physical conditions.
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Introduction
Conditionsof life during thegrowthperiod shapebodydimensions, especiallyheight (Lasker andMascie
Taylor, 1989; Mascie-Taylor, 1991; Peck and Lundberg,1995; Steckel, 1995; Cole, 2003; Eiben and
Mascie-Taylor, 2004). Studiesonmodern societieshavedemonstrated thatmany factors suchasparental
education level, welfare level, industrialization, heavy work, hygiene conditions, nutrition, and diseases
during growth affect the formation of body dimensions (Hauspie et al., 1997; Lindgren, 1998; Eveleth,
2001;Cole, 2003;KocaÖzer, 2008; Steckel, 1995, 2012).Researchhas shown thatmembersofhigh socio-
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economicgroups (i.e., advantagedgroups)have largerbodydimensions,while those fromdisadvantaged
groups have smaller ones (Susanne, 1979; Duyar, 1990; Howe et al., 2012; Towne et al., 2012; Mumm
et al., 2016; Hancock et al., 2016; Mumm et al., 2017; McCrory et al., 2017).

A change in the socio-economic conditions of a population significantly affects body propor-
tions and height (Kryst et al., 2019). In addition, alterations can be observed in the relations of
dimensions such as the forearm, leg, thigh length, and body height to each other (Dempster et al.,
1964). Recent studies have shown that leg length, one of the components of height, is sensitive to
growth conditions and reflects the stresses experienced in childhood (Gunnell et al.,1998; Li et al.,
2007; Frisancho, 2007; Webb et al., 2008; Stinson, 2009; Patel et al., 2011; Godina et al., 2016). The
upper and lower parts of the body exhibit different growth patterns depending on variation in
growth rate in humans (Dangour et al., 2002). The growth rates of sitting height and total lower
leg length do not change in the same way over time; instead, while the speed of the growth of the
total lower leg length increases, that of the sitting height slows down (Duyar, 1997a). Many studies
have stated that the lower part of the body (total lower leg length) has more significant plasticity
during growth than the upper part (sitting height) (Johnston, 1998; Dangour et al., 2002; Živičnjak
et al., 2003; Webb et al., 2008; Pomeroy et al., 2012). Besides the trunk-leg parts, distal limbs seg-
ments seem to show more variability than proximal limbs (Holliday and Ruff, 2001; Auerbach and
Sylvester, 2011; Koziel et al., 2016; Koziel et al., 2019; Kryst et al., 2019).

The plasticity observed in body size and proportions is thought to be related to socio-economic
level, nutrition, and diseases, as well as to different physical stresses encountered during the
growth period. In this regard, studies on child workers in underdeveloped or developing countries,
including Turkey, have provided important information on how the morphological structure of
the human body is affected by physical stress (Raina et al., 1990; Ambadekar et al., 1999;
Hawamdeh et al., 2001; Duyar and Özener, 2003; 2005; Omokhodion and Omokhodion, 2004;
Pasdar et al., 2014; Rahman et al., 2014; Demir, 2018).

The most important results were obtained by Duyar and Özener (2003) from studies on child
workers. According to them, children doing heavy work fell behind non-working children in growth
in height but were ahead in growth in width. They had relatively long bodies and arms, but their legs
were short. It is not clear whether this pattern carried over into adulthood because the adaptive
biological system of ‘catch-up growth’ can partially or completely remove the effects of deficiencies
in growth at other periods (Steckel, 2016). For this reason, it is important to determine how physical
stress shapes the final size and proportions in human growth, which is affected by so many factors.

Studies dealing with how the human body is affected by environmental stresses are generally
carried out on individuals in childhood. There have been relatively few studies carried out on
adults concerning how physical and physiological stresses are reflected in final dimensions
and body proportions (Cortez et al., 2007; Dantas and Santana, 2010), and this issue has not
yet been discussed enough.

The aim of this study was to analyse the dimensions and proportions reached in adulthood by
individuals who are exposed to different levels of environmental stress (nutrition, labour, health,
etc.) from early life and ones living under optimal conditions. In addition, the aim was to investi-
gate how individuals from different socio-economic structures, their sizes, and the proportions of
related parts of the body are affected by this structure, and how excessive physical stress in child-
hood is reflected in the final dimensions in groups having similar socio-economic statuses.

Methods
Why was Samsun chosen for the study?

According to World Bank data, Turkey is a country that has risen to the level of upper middle
income. However, the economic disruptions after the 2000s pose a risk to this rise (World Bank,
2021). As a matter of fact, despite the advancement of regional development over the years,
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economic and social development is still not evenly distributed throughout the country, and this
has led to inequalities and distinctions between regions and income groups (Turkey State
Planning Organization (DPT), 2003; Selim et al., 2014). The data of the last ten years indicates
that Turkey has greater inequality than many Organisations for Economic Cooperation and
Development (OECD) countries with its Gini coefficient (OECD, 2015).

According to 2020 data, the gross national product (GNP) per capita in Turkey is 8.636 United
States dollar (USD) from a total GNP of 720.1 billion USD (World Bank, 2021). The poverty
threshold in the country is ∼842 USD (Türkiye İşçi Sendikaları Konferadasyonu (TÜRK-İŞ),
2021), and 14.4% of the population of 83,154,997 people live in relative poverty in 2019
(Turkish Statistical Institute (TURKSTAT), 2020). This income-based inequality also deepens
social inequality (Candaş et al., 2010). Such inequality has significantly triggered growth in child
labour in the country. The biggest factor forcing children to work is the lack of income in the
household, or in other words, poverty (TURKSTAT and International Labour Organization,
(ILO), 1999; Candaş et al., 2010; TURKSTAT, 2012). Moreover, although Turkey is among
the developing countries, it is a country where physical work begins in childhood (ILO, 2020).
Reports on children working in different periods have been published, showing the rate of child
labour to be 4.4% of 12 million children aged 6-14 in 1999, and 5.9% of 15 million children aged
6-17 in 2012 (TURKSTAT and ILO, 1999; TURKSTAT, 2012). These percentages show that soci-
ety consists of different groups throughout the country and that these groups can still be deter-
mined in terms of similar characteristics. For this reason, it was thought that this economic and
social structure of Turkey would help to find answers to the main objectives of the study.

Samsun is located in the Black Sea Region and has a population of 1,335,700. It ranks 16th

among the provinces of Turkey in terms of population (Middle Black Sea Development
Agency (OKA), 2019). In terms of socio-economic development, it is ranked in the third of
six levels, and 31st among the 81 provinces in Turkey (Acar et al., 2019). Samsun has these char-
acteristics, with agricultural potential and seven organized industrial zones. According to 2017
data, 12.45% of its economic activities consist of agriculture, 24.22% of industry, and 63.33%
of the service sector. While agricultural activities have been declining recently, the industrial area,
which is developing, is at the forefront in the region with medical device production, food, metal
industry, and furniture sectors (OKA, 2019). Also, 2015 data showed that Samsun is among the
first 30 of the 81 provinces in terms of health, education, civic participation, and social life, and is
prominent in the region with its specialization and quality in health services (OKA, 2019).

The demographic transformation process that Turkey is undergoing is heterogeneous in all settle-
ments and regions (Koç et al., 2008). Undoubtedly, one of the biggest reasons for this is immigration.
There has been intense internal migration from rural to urban areas in Turkey since the 1950s, and
external migration to western countries to meet the need for a foreign workforce since the 1960s
(Hacettepe University Institute of Population Studies 2014). The main reason for this observed inter-
nal migration is economic. The economic transformation observed in the country has changed the
structure of urban settlements, and the population has increased to meet the need for labour in these
areas (Koç et al., 2008). Especially in the 2000s, the rate of urbanization gained momentum (Hacettepe
University Institute of Population Studies, 2014). This study could have been carried out in cities such
as Istanbul, Kocaeli, Ankara, or Bursa, where there is a lot of heavy industry, and child labour is com-
moner. However, these cities receive intense immigration from regions of Anatolia that vary in terms
of different ecological and ethnic groups (TURKSTAT, 2020).

Cities like Samsun, on the other hand, contain more homogeneous populations in terms of
demographic pattern compared to megacities such as İstanbul, Ankara, and İzmir. The population
in Samsun has been spatially clustered in provincial and district centres since the 2000s. Although
migration is lower for Samsun than for other provinces in the region, people have migrated
towards provinces with more opportunities for business, education, and social life. Thus,
Samsun is a province that sends out migrants rather than receiving them, and overall migration
has been outward (OKA, 2015). On the other hand, the general population structure consists
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mostly of individuals registered in Samsun and surrounding provinces (mostly Ordu, Trabzon,
Amasya, Rize, and Giresun) (TURKSTAT, 2017). The sample of this study also supports demo-
graphic records. The birthplace of the sample group was mostly Samsun.

Considering that genetic structure has as much effect as environmental factors on growth and
height, the structure of the sample suggested that the social, economic, and labour effects on the
human body could be revealed more clearly by relatively avoiding genetic and ecological factors.
For this reason, Samsun seemed suitable for the groups that were the target of this study, because
of both its socio-economic structure and its population structure.

The sample group consisted of female and male individuals between the ages of 20 and 45 who
lived in Samsun, belonged to various socio-economic structures, and grew up under heavy-
working conditions. The field survey was carried out cross-sectionally on 623 individuals, com-
prising 304 females and 319 males, between September 2018 and July 2019.

Information on Socio-economic Level and Business Line

However clear social level divisions may be in a country, there are gaps in knowledge concerning
the main dynamics of this division. The shortage of comprehensive studies on understanding
Turkey’s socio-economic structure and its change causes restrictions in performing studies
(Kalaycıoğlu et al., 2008). This makes a retrospective determination of socio-economic level dif-
ficult. A retrospective socio-economic condition questionnaire was applied to the individuals to
obtain information about their growth conditions in the adulthood stage. This questionnaire was
prepared from the Socio-economic Status Index developed by Veri A.Ş. and mentioned in a study
published by Kalaycıoğlu et al. (1998) and was adapted for this research. The reliability of this
questionnaire has been tested by in-depth interview, and it has been found that it can be used
with the Turkish population. The questionnaire covers the variables of mean parental profession,
mean parental education level, appliances in the house, and home ownership. Each variable has
one point, and the points of the variables form the total score. The higher and lower strata are
determined by the calculated total score. Individuals in the socio-economic strata so determined
were at the same time asked about their current occupation and their educational and income
levels. In this way, information was obtained on their socio-economic status both during the
growth period and in adulthood. Another variable researched in this study was heavy working
conditions in childhood. Duyar (2013), in studies on child workers, called attention to various
methodological deficiencies in ‘workforce’ studies, and said that the type of work and working
conditions of individuals should be determined as being ‘heavy’ or ‘light’. In these studies, indi-
viduals are determined as ‘working’ or ‘not working’ according to their current situation.
However, this evaluation is wrong, because individuals’ working situation and length of time
working do not allow a complete evaluation in current situations. In addition, studies conducted
on this problem in the local and international literature are limited, which restricts evaluation of
the results of data analysis. This makes the formation of a control group more important (Duyar,
2013). The sample was first divided into two different groups for the questionnaire: a high socio-
economic group (n:202) (HSG) and a low socio-economic group (LSG). To understand the effects
of physical stresses, the low socio-economic group was then divided into two subgroups: nonheavy
workers (NHWG) (n:210) and heavy workers (HWG) (n:211) during the growth period. With this
grouping, the high socio-economic group formed the control group.

In Turkey, a developing country, socio-economic levels vary in terms of gross domestic product
(GDP) and GDP per capita. According to World Bank data, per capita national income in Turkey
for the age range of the sample (year of birth 1973-1999) was largely stable at 1952 USD. There
was a large increase in national income in 2004 and afterwards (World Bank, 2021). Despite this
stability and change, income inequality in the country has always been widespread. The income
imbalance causes those who are well off to become richer, and the poor to become poorer
(Erdoğan, 2004).
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Table 1 summarizes the data on the families in the sample and their socio-economic structure.
Table 1 shows that for both sexes, the socioeconomic conditions of the families are distinguished
in both socio-economic sub-groups - from HSG (p<0.05). There is no difference between the
NHWG and the HWG in terms of socio-economic characteristics (p>0.05). On the other hand,
when socio-economic characteristics are compared between generations, it is seen that individ-
uals’ occupation distributions are similar to those of their parents, particularly the father (p>0.05).
Education level is slightly higher in the HWG (p<0.05), but it is still at a low level. This observed
increase is a reflection of the ‘continuous education’ policies in the country.

At the time when the study was conducted, the minimum wage in Turkey was less than 400
USD. The income levels of individuals in both LSGs was low (Table 1). Moreover, there is a strong
correlation in Turkey between education level and poverty. According to data for 2006, 84% of
poor people were either illiterate or had not completed basic education (Aran et al., 2010). This
shows that there is always a socio-economic separation between HSGs and LSGs. At the same
time, this data shows that in both LSGs, socio-economic characteristics and the factors pushing
individuals into working at an early age have hardly changed, and that they continue in to be poor.
All groups were asked about their work status as children. There was no one in the high socio-
economic group who had worked in childhood, but in the low socio-economic group manual
work such as furniture business, automobile industry etc. was accepted as hard physical work
(Kalaycıoğlu et al., 2008), and so the heavy working group was included in the low socio-economic
group. The occupation distribution of the HWG is shown in Table 2. Furniture making (42.3%)
and the auto industry (29.7%) were the highest in males, while agriculture-livestock raising and
fishing (90%) were the highest in females. The high frequency of the agricultural sector in females
is because agricultural employment is a determining sector for females from childhood to old age
in this country (TURKSTAT, 2012; T.C. Aile ve Sosyal Politikalar Bakanlığı, 2014). In the HWG,
agriculture was predominant for women and the industrial sector for men. These two sectors play
an important role in child employment, and the working conditions are very harsh. In agriculture,
children are employed for very low or no pay as family workers. Girls are more often employed
without pay than boys (TURKSAT and ILO, 1999). Children working in this sector are exposed to
climatic events and biological and chemical substances and have to lift and carry heavy loads. In
the industrial sector, children mostly work in small businesses and workshops, and are exposed to
ergonomic risks, chemicals, and poor physical and hygienic conditions (Duyar, 2017). In addition
to this, the time spent working and the starting age also affect growth.

Individuals in the HWG were asked about the age at which they started working and their daily
working hours (Table 3). In Turkey, the age range of child workers is from 6 to 17 (TURKSTAT
and ILO, 1999; TURKSTAT, 2012). In the HWG, the age of starting work was 12.08 in women and
13.14 in men. With regard to working hours, the number of working hours per week is 47.7 hours.
For child workers, working hours in the countryside were longer than in the cities, and shorter for
girls than for boys (TURKSTAT and ILO, 1999). In the HWG, daily working hours were 9.38 for
women and 10.57 for men. This means an average of 59.85 hours in a six-day working week.

Anthropometric Measurements

A total of eight measurements of height, total lower leg length (iliospinal height), sitting height,
total arm length, upper arm length, forearm length, upper leg length, tibia length were made in
millimetres with a Martin-Type Anthropometer following the techniques prescribed by the
Anthropometric Standardization Reference Manual (Lohman et al., 1988) and the
International Biological Program (Weiner and Lourie, 1981). As suggested, measurements were
taken from the left side, and it was ensured that individuals had minimum clothing. Repeated
measurements were taken in a total of 20 individuals to test the reliability of the measurements
and no statistically significant difference was found (p>0.05).
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Table 1. The Distribution of the Sample’s Own and Their Families’ Socio-economic Characteristics in Different Socio-
economic Groups

Female Male

HSG NWHG HWG HSG NWHG HWG

n (%) n (%) n (%) n (%) n (%) n (%)

Mother’s Education Level

Basic literacy – 49(47.6) 42(42.0) – 34(31.8) 44(39.6)

Primary/Secondary S. 25(24.8) 52(50.5) 58(58.0) 17(16.8) 71(66.4) 67(60.4)

High School 34(33.7) 2(1.9) – 41(40.6) 2(1.9) –

University 42(41.6) – – 43(42.6) – –

Father’s Education Level

Basic literacy – 24(23.3) 23(23.0) – 13(12.1) 25(22.5)

Primary/Secondary S. 19(18.8) 77(74.7) 76(76.0) 10(9.9) 86(80.3) 83(74.8)

High School 26(25.7) 2(1.9) 1(1.0) 31(30.7) 7(6.5) 3(2.7)

University 56(55.4) – – 60(59.4) 1(0.9) –

Mother’s Occupation

Manual Worker – 5(4.9) 15(15.0) 5(5.0) 9(8.4) 13(11.7)

Non-manual Worker 64(63.4) – – 62(61.4) 1(0.9) 1(0,9)

Unemployed/Housewife/
Unpaid Family Worker

37(36.6) 98(95.1) 85(85.0) 34(33.7) 97(90.7) 97(87.4)

Father’s Occupation

Manual Worker 2(2.0) 87(84.5) 98(98.0) 3(3.0) 89(83.2) 97(87.4)

Non-manual Worker 99(98.0) 8(7.8) 2(2.0) 98(97.0) 15(14.0) 12(10.8)

Unemployed/ Housewife/
Unpaid Family Workers

– 8(7.8) – – 3(2.8) 2(1.8)

Education Level

Basic literacy – 2(1.9) 3(3.0) – – 1(0.9)

Primary/Secondary S. – 62(60.2) 83(83.0) – 60(56.1) 96(86.5)

High School 5(5.0) 21(20.4) 12(12.0) 19(1.8) 31(29.0) 13(11.7)

University 96(94.2) 18(17.5) 2(2.0) 82(81.2) 16(15.0) –

Occupation

Manual Worker 5 (5.0) 62(60.2) 27(27.0) 4(4.0) 84(78.9) 103(92.8)

Non-manual Worker 77 (76.2) 15(14.6) 3(3.0) 91(91.1) 22(20.6) 8(7.2)

Unemployed/ Housewife/
Unpaid Family Workers

19(18.8) 26(25.2) 70(70.0) 5(5.0) 1(0.9) –

Income

0-400 USD 22 (21.8) 84(35.6) 97(97.0) 18(17.8) 45(42.0) 66(60.5)

400 USD < 79(78.2) 19(18.4) 3(3.0) 83(82.2) 62(57.9) 45(40.5)

1-Mother’s and father’s educational and professional groups were compared pairwise between groups with the Kruskall-Wallis test HSG-
NHWG=p<0.05; HSG-HWG=p<0.05; NHWG-HWG=p>0.05. 2-Individuals’ own education levels, professions and income levels were
compared pairwise between groups with the Kruskall-Wallis test HSG-NHWG=p<0.05; HSG-HWG=p<0.05; NHWG-HWG=p<0.05. 3-The
groups’ parents’ and their own education and professions were compared with the chi-square test HSG-NHWG=p>0.05; HSG-
HWG=p>0.05; NHWG-HWG=p>0.05.
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Statistical Analysis

The collected data was transferred to the computer and analysed with the SPSS (21.00) package
program. Socioeconomic variables were analysed pairwise with the Kruskal-Wallis test and the
Chi-square test. The data from three different socio-economic groups was tested with the
Kolmogorov-Smirnov Test regardless of sex and it was found that the sample showed a normal
distribution (p>0.05). Homogeneity of Variance was tested for all measures in males and females,
and it was determined that variances were homogeneous (Levene’s Test p>0.05). Therefore, in the
analysis of data, descriptive statistics, One Way Variance Analysis (ANOVA) and the Tukey test
were used to determine inter-group differences. The error level was taken as 0.05.

Sitting height ratio (SHR) (Bogin, 2021), intermembral index, relative tibia length, relative
thigh length, relative arm length, relative forearm length, brachial index, and crural index were
calculated in order to determine body proportions (Oliver, 1969) (Table 4).

Results
Socio-economic Differences in Anthropometric Measurements

In anthropometric measurement means, except for sitting height in males, the HSG had the
highest values. Table 5 shows anthropometric measurement means in all socio-economic groups.
In body height, HSG was 40 mm taller in females and 52 mm in males than both LSG
(NHWG-HWG). This result was statistically significant (p<0.001). In females, the differences
were clear in both parts of the body, and values fell in both LSG. In total lower leg length, the
difference between HSG and both LSG was significant (HSG-NHWG:p<0.001, HSG-HWG:

Table 3. Mean and Standard Deviation Values of Age at First Work, Working Hours per Day, and Worked Years

Female Male

Min-Max. Mean SD Min-Max. Mean SD

Age at First Work 9-16 12.08 1.50 9-17 13.14 1.68

Working Hours per Day 8-12 9.83 0.60 6-14 10.57 1.35

Worked Years 8-35 23.69 7.84 6-35 22.24 6.99

Table 2. Occupation Distribution of Females and Males in the Low Socio-Economic Heavy-Worker Group

Female Male

Sector n (%) n (%)

Furniture business – 47(42.3)

Automobile Industry – 33(29.7)

Transportation – 10(9.1)

Service Industry 4(4) 8(7.2)

Building and Construction – 8(7.2)

Metal Work – 2(1.8)

Agriculture, Stock-Raising, and Fishing 90(90) 2(1.8)

Textile Industry 6(6) 1(0.9)

Total 100(100) 111(100)
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p<0.001) (Table 6). In males, the difference between HSG and LSG in both sitting height (HSG-
NHWG:p<0.001, HSG-HWG:p<0.001) and total lower leg length (HSG-NHWG:p<0.001, HSG-
HWG:p<0.001) was statistically significant (Table 6). In body limbs, differences between HSG
and the LSG were statistically significant in tibia length (HSG-NHWG:p<0.001, HSG-HWG:
p<0.001), total arm length (HSG-NHWG:p<0.001, HSG-HWG:p<0.001) and upper arm length
(HSG-NHWG:p<0.01, HSG-HWG p<0.01) in females, and in all body limbs in males (HSG-
NHWG:p<0.001, HSG-HWG:p<0.001).

Socio-economic Differences in Proportional Values

The differences observed between HSG and both LSG were not at the same level for the different
body parts. Table 7 gives the estimated proportional values of anthropometric measurements.
According to this table, the SHR value was one percentage point higher in both sexes in the
LSG. This result was statistically significant both in females (HSG-NHWG:p<0.05,HSG-HWG:

Table 4. Formulas Used in the Research

Formulas

The Proportions of the Body Parts Sitting Height Ratio = [Sitting Height/Height] x 100§

Intermembral Index = [Total Arm Length/Total Lower Leg Length] x 100

Body Limb Ratios Relative Tibia Length = [Tibia Length /Height] x 100

Relative Thigh Length = [Thigh Length/Height] x 100

Relative Arm Length = [Arm Length/Height] x 100

Relative Forearm Length = [Forearm Length/Height] x 100

Brachial Index= [Forearm Length/Arm Length] x 100

Crural Index = [Tibia Length/ Thigh Length] x 100

§Bogin, 2021; Oliver, 1969

Table 5. Mean and Standard Deviation Values of Anthropometric Measurements of Female and Male Individuals from
Different Socio-Economic Groups

Female Male

HSG (n:101) NHWG (n:103) HWG (n:100) HSG (n:101) NHWG (n:103) HWG (n:100)

Measurements Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Height 1591.50 61.01 1561.60 55.20 1542.90 62.52 1739.80 77.23 1700.00 69.96 1675.10 77.83

Sitting Height 836.90 41.77 832.60 33.87 824.60 41.97 900.10 49.72 900.30 41.58 879.80 64.34

Total Lower
Leg L.

886.70 54.31 845.40 40.56 828.80 50.70 942.30 62.78 896.10 61.00 882.25 66.26

Thigh L. 483.00 38.27 474.30 40.09 475.40 33.03 523.90 42.50 499.30 45.52 490.00 45.17

Tibia L. 309.00 21.07 297.60 17.83 298.30 20.38 350.80 25.46 327.70 25.14 326.50 27.15

Total Arm L. 686.40 35.51 668.90 36.14 667.73 38.39 768.10 40.18 726.50 37.96 720.60 43.13

Upper Arm L. 284.09 24.54 273.78 23.49 278.87 25.33 324.40 24.16 297.37 24.67 293.45 25.37

Forearm L. 204.46 17.53 200.56 18.13 203.82 19.48 232.90 17.06 217.80 16.32 218.69 20.79

L.: Length HSG: High Socio-Economic Group NHWG: Low Socio-Economic Nonheavy-Worker Group HWG: Low Socio-Economic Heavy-Worker
Group
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p<0.05) and in males (HSG-NHWG:p<0.001, HSG-HWG:p<0.05). Intermembral index HSG
was two percentage points longer than both LSG in females, and the differences were statistically
significant (HSG-NHWG:p<0.05, HSG-HWG:p<0.001) (Table 8). According to this, upper body
and limbs were longer in LSG. In addition, relative arm length values in males were statistically
significant (HSG-NHWG:p<0.001, HSG-HWG:p<0.001). Regarding the lower limbs in males,
relative tibia and thigh length was one percentage point lower in the LSG, and the difference
between these groups was statistically significant (HSG-NHWG:p<0.001, HSG-HWG:p<0.001
and HSG-NHWG:p<0.05, HSG-HWG: p<0.05) (Table 8).

Table 6. ANOVA and Tukey Test Results of Anthropometric Measures of Female and Male Individuals from Different Socio-
Economic Groups

Female Male

Measurements F p-value Pa-b Pa-c Pb-c F p-value Pa-b Pa-c Pb-c

Height 16.99 <0.001 <0.01 <0.001 NS 19.82 <0.001 <0.001 <0.001 <0.05

Sitting Height 2.53 NS NS NS NS 8.47 <0.001 NS <0.001 <0.01

Total Lower Leg L. 37.60 <0.001 <0.001 <0.001 <0.05 27.31 <0.001 <0.001 <0.001 NS

Thigh L. 1.62 NS NS NS NS 16.21 <0.001 <0.001 <0.001 NS

Tibia L. 10.53 <0.001 <0.001 <0.001 NS 28.78 <0.001 <0.001 <0.001 NS

Total Arm L. 8.22 <0.001 <0.01 <0.01 NS 42.14 <0.001 <0.001 <0.001 NS

Upper Arm L. 5.13 <0.05 <0.05 NS NS 40.75 <0.001 <0.001 <0.001 NS

Forearm L. 1.10 NS NS NS NS 21.35 <0.001 <0.001 <0.001 NS

NS: Not Significant L.: Length a: High Socio-Economic Group b: Low Socio-Economic Nonheavy-Worker Group c: Low Socio-Economic Heavy-
Worker Group

Table 7. Mean and Standard Deviation Values of Calculated Body Ratios of Female and Male Individuals from Different
Socio-Economic Groups

Female Male

HSG (n:101)
NHWG
(n:103) HWG (n:100) HSG (n:101)

NHWG
(n:103) HWG (n:100)

Ratios Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

SHR 52.6 .021 53.3 .018 53.4 .022 51.7 .023 52.9 .019 52.6 .019

Intermembral Index 77.5 .047 79.1 .037 80.6 .043 81.7 .049 81.3 .059 82.2 .061

Relative Tibia L. 19.4 .009 19.0 .010 19.3 .011 20.1 .009 19.2 .011 19.4 .011

Relative Thigh L. 30.3 .021 30.3 .018 30.8 .018 30.1 .022 29.3 .022 29.2 .024

Relative Forearm L. 12.8 .007 12.8 .008 13.2 .010 13.3 .008 12.8 .009 13.0 .008

Relative Arm L. 17.8 .013 17.5 .013 18.0 .016 18.6 .012 17.5 .011 17.5 .012

Brachial Index 72.1 .004 73.5 .056 73.3 .056 71.9 .041 73.2 .050 74.7 .050

Crural Index 64.1 .052 63.0 .049 62.9 .051 67.2 .062 65.9 .049 66.9 .063

SHR: Sitting Height Ratio L.: Length a: High Socio-Economic Group, b: Low Socio-Economic Nonheavy-Worker Group c: Low Socio-Economic
Heavy-Worker Group
Sitting Height Ratio = [Sitting Height /Height]x100, Intermembral Index=[Total Arm Length/Total Lower Leg Length]x100, Relative Tibia
Length = [Tibia Length /Height] x 100, Relative Thigh Length=[Thigh Length/Height]x100, Relative Forearm Length = [Forearm Length/
Height] x 100, Relative Arm Length= [Arm Length/Height] x 100, Brachial Index= [Forearm Length/Arm Length] x 100, Crural Index= [Tibia
Length/ Thigh Length] x 100.
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Table 7 also gives the values of limbs relative to each other. In the upper limbs, according to the
brachial index, HSG was one percentage point lower in females, and in males it was two percent-
age points lower than LSG. In the lower limbs, in the crural index, HSG was one percentage point
higher than LSG in females, and two percentage points higher in males’. However, no significant
differences were found in this value between the groups in either sex (Table 8).

The Effect of Heavy Working Conditions on the Body in Both Sexes

Table 5 shows that the HSG individuals had greater values for measures of body parts and limbs.
Differences between HSG and HWG were highest between the three groups. In both subgroups,
nonheavy-working individuals of both sexes had greater height, total lower leg length, sitting
height, and total arm length compared to heavy-working individuals (Table 5). In the LSG,
the difference between heavy-working and nonheavy-working individuals was statistically signifi-
cant in total lower leg length (p<0.001) in females, and in height (p<0.001) and sitting height
(p<0.01) in males (p<0.05) (Table 6). Heavy working conditions affected height by -19 mm
in females and by -25 mm in males. Also, it caused total lower leg length to be 16.6 mm less
females and sitting height to be 20.5 mm less in males (Table 5). For body limbs, the difference
in the lengths of the upper leg, tibia, upper arm, and forearm in females and the length of the
forearm in males was lower, but this was not statistically significant (p>0.05) (Table 6).

Table 7 shows that the intermembral index was 1.5 percentage points greater in heavy-working
females and 0.9 percentage points greater in heavy-working males (Table 7). According to Table 6,
it was statistically significant in females (p<0.05) (Table 8). In females, relative forearm length and
relative arm length were approximately one percentage point greater, and this was statistically
significant (p<0.05; p<0.05) (Table 8).

Discussion
Socio-economic Differences

Children from different socio-economic strata have different body sizes at all ages, and the high
socio-economic group shows greater values (Tanner, 1988; Lasker and Mascie-Taylor, 1989;
Stinson, 2012). In support of other studies, it was found in this study that anthropometric dimen-
sions differed from each other in females and males growing up in different socio-economic

Table 8. ANOVA and Tukey Test Results of Body Ratios of Female and Male Individuals from Different Socio-Economic
Groups

Female Male

Ratios F p-value Pa-b Pa-c Pb-c F p-value Pa-b Pa-c Pb-c

SHR 5.06 <0.01 <0.05 <0.05 NS 8.99 <0.001 <0.001 <0.05 NS

Intermembral Index 13.14 <0.001 <0.05 <0.001 <0.05 0.64 NS NS NS NS

Relative Tibia L. 3.28 <0.05 <0.05 NS NS 17.99 <0.001 <0.001 <0.001 NS

Relative Thigh L. 1.52 NS NS NS NS 4.34 <0.05 <0.05 <0.05 NS

Relative Forearm L. 5.59 <0.05 NS <0.05 <0.05 29.91 <0.001 <0.001 NS NS

Relative Arm L. 3.80 <0.05 NS NS <0.05 11.35 <0.001 <0.001 <0.001 NS

Brachial Index 1.84 NS NS NS NS 9.13 <0.001 NS <0.05 NS

Crural Index 1.64 NS NS NS NS 1.60 NS NS NS NS

NS: Not Significant L.: Length a: High Socio-Economic Group b: Low Socio-Economic Nonheavy-Worker Group c: Low Socio-Economic Heavy-
Worker Group
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conditions, and that the HSG had greater values in all measures. Studies conducted on childhood
growth have confirmed that the children of families from high social classes are taller (Tanner,
1981; Peck and Lundberg, 1995; Mascie-Taylor, 1991; Koziel et al., 2019). According to Kuh et al.
(1991), of those whose father was a qualified worker, unqualified female adults were 1.61cm taller
and adult males were 1.97cm taller. Similarly in Switzerland, adults with unqualified worker chil-
dren were shorter, and adults with children with a seniority salary were taller (Peck and Vågerö,
1987). There was also a height difference in this sample of adults who grew up under different
socio-economic conditions. In both LSGs (NHWG and HWG), males and females tended to have
shorter stature.

In studies conducted in provinces of Turkey such as Istanbul and Ankara, where strata differ-
ences are evident, the anthropometric dimensions of children growing up under optimal condi-
tions have shown greater values (Neyzi et al., 1973; Onat and Ertem, 1995; Duyar, 1990; Nebigil
et al., 1997; Özdemir et al., 2005). In contrast, children growing up in poverty are shorter and
weaker (Gültekin et al., 2006). Unfortunately, there have not been enough studies in Turkey
to understand the effects of adverse living conditions on physical development and body compo-
sition in the final dimensions (Özener, 2010). Özener (2010) determined that poor individuals in
the 18-year-old group were weaker and shorter than their wealthy peers. Saatçioğlu (1972) found
that the anthropometric values of university graduates were greater in a group aged 20-45 com-
prised of university graduates and skilled and unqualified workers. It was emphasized in that study
that the class structures of the sample were similar to those of their families and revealed the rela-
tionship between socio-economic level and anthropometric dimensions. The results obtained with
these data are comparable to other cross-sectional studies conducted in Turkey (Saatçioğlu, 1972;
Neyzi et al., 1973; Onat and Ertem, 1995; Duyar, 1990; Nebigil et al., 1997; Özdemir et al., 2005;
Özener, 2010). It shows that different socio-economic backgrounds lead to significant differences
in height in adults.

Socio-economics Differences on Body Parts

A group of studies conducted on children suggested no significant correlation between leg length
and socio-economic level (Cankur et al., 1993; Tuncer, 2007; Webb et al., 2008; Kinra et al., 2011;
Sohn, 2015). It was stated that childhood conditions affected both parts of the body in the same
way (Webb et al., 2008), and that leg length was not a sensitive indicator distinct from sitting
height (Patel et al., 2011). On the other hand, most of the studies have shown that the variation
observed in stature between generations is mainly due to leg length (Himes, 1979, Tanner et al.,
1982; Ohyama et al., 1987; Takamura et al., 1988; Duyar, 1995; Hauspie et al., 1997; Cole, 2003;
Malina et al., 2004; Koca Özer, 2007). Leitch (1951) suggested that good nutritional conditions in
infancy and childhood affect leg length and that leg length is associated with improved living con-
ditions. According to Bogin (2013), good nutrition and health conditions accelerate the growth of
the legs. A longer leg length is always a reflection of advantageous living conditions and good
health (Bogin, 2012). According to Himes (1979), although height depends on bone growth in
every part of the body, the growth rates of these two parts differ, and long bones respond more
or less to the long-term factor than do the vertebrae. In addition, Wadsworth et al. (2002) found
out that leg length was related to breast milk and energy intake. Buschang et al. (1986) stated that
the differences between a well-nourished and a malnourished group were a result of their leg
length, and this also explained their height difference. Some similar studies have argued that
leg length increases as socio-economic conditions improve and rise (Bogin et al., 2002; Duyar,
1997b), and decreases as socio-economic conditions worsen (Li et al., 2007).

Individuals under optimal conditions are considered to be more advantaged in terms of nutri-
tion and health. Hence, the HSG provides these advantages more easily. In relation to this, in high
socio-economic conditions, leg length tends to be affected positively, and this finding provides
substantial support to the data previously presented. The SHR value was one percentage point
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greater in both LSGs, which showed that the low socio-economic group had shorter legs. As a
result, it could be assured that the limbs are affected less than other body parts in both low socio-
economic groups.

In this sample, similar to the other studies, leg length was positively affected in the HSG, who
had better life conditions in childhood. This observed change is very evident among males.
Vercellotti and Piperata (2012) argued that intra-population variation is apparent in the body
proportions of Amazonian females and males. According to their study, the legs of males are lon-
ger than those of females. Oliver (1969) stated that males have longer dimensions than females of
the same height. This distinction is probably due to the differences in growth between the sexes.
Bowles (1932 as cited in Himes, 1979) observed a difference between parents and children and
determined that the difference was more significant in leg length in boys and sitting height in girls.
The data of the present study are in parallel with these findings. The fact that females are less
affected is related to limited leg growth in the growing period due to the release of the hormone
estrogen in the pre-pubertal period (Bostancı, 1955; Schooling et al., 2008). Therefore, in adoles-
cence, sitting height is greater in girls than in boys, and leg length is greater in boys than in girls
(Malina et al., 2004; Bundak, 2010; Hattori et al., 2011). In addition, although it is not entirely
clear, this maturation process in girls brings them closer to adulthood. Therefore, girls have a
shorter time to respond to environmental stresses (Bogin, 2021). According to the data obtained,
this makeup gained in adolescence may be reflected in limited size.

Socio-economics Differences in Body Limb Proportions

According to Jantz et al. (2016), the differences observed in height usually stem from the bones of
the limbs. Differences observed in the limbs indicated that the lower limbs of the body exhibited
more allometric structure than the upper limbs, and the upper limbs were more isometric with
height (Jantz and Jantz 1995, 1999; Tacar et al., 1999; Kryst et al., 2019). Some researchers have
even suggested that external factors affected the distal limbs more (radius-ulna and tibia-fibula),
especially the tibia length, among all body limbs (Holliday and Ruff, 2001; Auerbach and Sylvester,
2011; Koziel et al., 2016). In this study, the allometric structure of the body was evident in the face
of socio-economic conditions. Socio-economic conditions affected the lower and upper limbs dif-
ferently in both sexes. This differentiation was more noticeable in males. Duyar and Pelin (2003)
determined that the height also increased as the relative tibia length rose in different socio-
economic groups. In the results of the present study, upper leg and tibia lengths decreased as life
conditions worsened. The proportional value of the upper leg length and tibia length with height
was constant in females, but more variable in males. Therefore, it can be said that different con-
ditions affect the tibia length more. Indeed, as in the Samsun example, Koziel et al. (2016) drew
attention to differences in lower leg length in an ethnically homogeneous Polish sample and sug-
gested that this was due to differences observed in social conditions rather than to genetic struc-
ture. Also, Duyar (1997a) stated that the change in the lower limbs making up the leg caused
differences within and between societies. The results of this study indicate that the crural index
increases in HSG, while the brachial index increases in both LSGs. According to this, it may be
proposed that the distal limbs cause variation in arms and legs in males and females.

Effect of Physical Stress on Body Size and Proportions

The underlying causes of outcomes observed in the low socio-economic group have a complex
relationship. However, income, nutrition, and intensive work are particularly determinative of
height. Extreme poverty and constant malnutrition during growth cause growth retardation
and short stature (Steckel, 1995, 2016). In this study, both LSGs had lower values of height, total
lower leg length, sitting height, and overall arm length compared to individuals growing under
optimal conditions. In heavy-working individuals in the LSG, these values were even lower
(Table 5). Tanner (1981) stated that the growth retardation seen in child workers in British
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industrialization was not temporary but continued into adulthood. He emphasized that the reason
for this was also poor nutrition and living conditions.

Baysal (2003) states that the nutrition level of children forced to work by social and economic
inequalities is very low. On the other hand, the energy needs of working children are greater than
non-working children (Duyar and Özener, 2003; Etiler et al., 2011). Studies conducted on worker
groups and child workers demonstrated that working individuals had an unbalanced and inade-
quate diet (Soydal et al., 2001; Özarslan and Güneyli, 1983; Tomak et al., 2009; Kaner et al., 2015),
while the most common health problem among working children was malnutrition (Omokhodion
and Omokhodion, 2004; Ibrahim et al., 2018). In a study on Vietnamese children, O’Donnell et al.
(2005) stated that working does not affect growth. However, many studies have maintained that
working children are shorter and weaker than non-working children (Tanner, 1981; Raina et al.,
1990; Ambadekar et al., 1999; Duyar and Özener, 2003, 2005; Özener and Duyar, 2004;
Omokhodion and Omokhodion, 2004; Pasdar et al., 2014; Demir, 2018).

Studies on this subject principally concentrate on the relationship between socio-economic
level and nutrition in children. However, a study in which Hawamdeh and Spencer (2002) com-
pare children with their siblings is noteworthy. According to the results of the study, the height of
children working at the age of 11-15 was significantly less than that of their siblings aged 10-15.
Since their siblings were at the same socio-economic level, it was seen that the growth retardation
in child workers could not be explained only by nutrition. In the same way, Shah (1984) reported
that children who started working at the age of 14 or earlier were 4cm shorter than those who
started working after the age of 18. They said that the reason for this was both insufficient nutri-
tion and the increase in long hours of hard work. The social and economic differences between the
HWG and the NHWG are broadly similar to this. As Table 1 shows, both groups have caused a
continuation of the poverty which they inherited from their families. In this way, it can be said that
these two groups have relatively similar probabilities of exposure to physiological stresses such as
nutrition and illness. The observed difference in the HWG within this similarity can only be
explained by physical pressure connected to conditions of heavy work. In addition to physical
pressure, working children are exposed to inadequate lighting, ventilation and heating and poor
hygiene conditions, depending on their line of work and work environment (İşeri et al., 2005; Tor,
2010; Göl, 2016). All these circumstances cause significant growth retardation, short stature, spi-
nal degeneration, and lifelong deformities in child workers (Çağlayan et al., 2010; Rahman et al.,
2014; ILO, 2020; İşeri et al., 2005; Hawamdeh et al., 2001).

Among the limited number of studies concerning adults, that of Cortez et al. (2007) claimed
that adult females and males aged 23-25 with a working background were shorter in stature.
However, Cortez et al. (2007) emphasized that the parameters they determined were insufficient,
and therefore their result was controversial. On the other hand, Dantas and Santana (2010) found
that females and males aged 18-65 with a childhood work history were relatively short. Saatçioğlu
(1972), in a study conducted in Turkey in general, found that qualified workers were 2cm taller
than unqualified males and 1cm taller than unqualified women. Similarly, Walker et al. (1988)
reported that professionals aged 40-59 in England were 6cm taller than unskilled manual workers.
In a study comparing the anthropometric dimensions of different occupational groups, Hsiao
et al. (2002) discovered that the height of agricultural workers was 2.8 cm less in females and
2.5 cm less in males in all occupations. In this study, height was 19 mm less in females from
the HWG and 25 mm less in males from the HWG. This result is also evident in sitting height
and total lower leg length. In a study conducted in Japanese society, Kouchi (2004) found that the
sitting heights of working children had increased rapidly in the previous 30 years. Likewise, Duyar
and Özener (2003) conducted a comparative study on male child workers in Turkey. They stated
that physical strength did not affect the body at the same rate, and that the difference in the total
lower leg lengths and tibia lengths was clear (Duyar and Özener, 2003).

The intermembral index showed the most significant proportional difference. This index value
was 1.5 percentage points greater in the HWG females and 0.9 percentage points in males
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(Table 7). Heavy workers had longer arms than nonheavy workers. This was observed more
clearly in females. On the other hand, the SHR was similar in both groups. Similarly, Demir
(2018) stated in a comparative study on working girls that the ratio of height to arm and leg
lengths developed proportionally in working and non-working individuals. On the contrary,
Duyar and Özener (2003) found that heavy-working boys had relatively longer bodies and longer
arms. Also, in a study comparing different occupational groups, Hsiao et al. (2002) claimed that
females dealing with machinery and repair work had longer upper arms. All these data are a
clearer indicator not so much of the mean differences between HGW and NHWG, but of the
change created by physical pressure in the observed differentiation.

Duyar and Özener (2003) suggest that these observed changes can be explained by the adap-
tation of the human skeletal structure to stresses. Several studies have determined that length
measures are more affected by genetic structure than are width measures (Susanne, 1977;
Sharma, 1987; Bogin, 2021). However, as explained in the material and method section, the sam-
ple was considered to be genetically homogeneous, the effects of different stresses are also evident
in length measures. It has been stated that the diaphyseal bone has plasticity (Trinkaus et al., 1994)
and that the transverse dimensions of the bone can change significantly under mechanical stimuli
(Ruff et al., 1993; Trinkaus et al., 1994; Ruff, 2019). Based on Wolf’s Law, ‘bone functional adap-
tation’ explains the response of the bone to physical stress, i.e., its adaptation and shaping to the
mechanical environment (Larsen, 2015; Ruff, 2019). The primary forces affecting the bone are
tension, compression, shearing, bending, and torsion (Larsen, 2015). Among these forces, tension
and compression can give an idea about the shortening and elongation tendencies of body limbs in
the HWG. Tension occurs when equal and opposite forces are applied outward, while the mecha-
nism of the compression is the opposite (Larsen, 2015). Probably, the longer arms of the heavy
working group are related to their body and arm heavy working. It may be a result of repeated
tension movements in connection with their work, and the shorter lower member length may
result from compression from above. This result shows that along with width measurements,
lengths can be affected by physical pressures.

The effect levels of physical stresses are also evident between the sexes. While there are no
proportional differences in the lower limbs of females, it was seen that especially the distal limbs
are affected by physical stresses in males. This distinction observed between females and males
stems from the difference in the response of the sexes to stress. It is widely postulated that females
are more ‘buffered’ than males in the face of environmental stresses (Stinson, 1985; Bogin, 2021).
However, Stinson (1985) stated that this result is open to testing, and researchers should also con-
sider the cultural environment in which people live. For instance, Vercellotti and Piperata (2012)
pointed out that although adult Amazonian females had more disadvantages in their bio-cultural
background, this was not reflected in their body proportions. This study indeed had a similar
outcome. In the rural areas of Samsun, males usually work in paid jobs outside the village, while
females share the work in agricultural production, animal care, childcare, and domestic work
(Gündüz Hoşgör and Suziki Him, 2016). Likewise in this study, the work of heavy-working
females was mainly in agriculture. Despite the more intense stress, it is possible that the
HWG females were less affected by such physical stresses. On the other hand, traditional
Turkish family structure regards boys as socially and economically more functional. Hence, males
are valued more with the expectation of this functionality (Kağıtçıbaşı, 1993). However, this study
indicated that males were relatively more affected by external factors despite their socio-cultural
advantages. This outcome supports the hypothesis that environmental stresses impact males more
(Stinson, 1985; Peck and Vågerö, 1987; Vercellotti and Piperata, 2012; Bogin, 2021).

In conclusion, similar to the numerous studies on children have shown, the effects of different
social, economic, and physical stresses were observed in dimensions of adults. The HSG had values
representing optimum conditions in all measurements. These differences were observed in body
proportions. Leg length was greater in the HSG, while in both LSGs, arms were longer. It can be
said that this difference, which was observed in both sexes, originates with distal limbs. According
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to this, LSGmales and females are represented with shorter legs and longer arms. In this, the lower
limbs tend to be more affected by external factors, in a way which supports the literature.

This cross-sectional study gives very important information on physical stress on the human
body and proportional relations. According to the results of this study, it can be said that in dis-
advantageous conditions, physical pressures can cause an interruption in growth. Tests were made
as to whether labour affected growth and development and it was found that height, sitting height,
total lower leg length, and overall arm length were greater in the NHWG. The difference in limbs
was relatively small, and this was the case for both sexes. The values of the upper limbs of heavy
working individuals were proportionally greater. In particular, the arms of the heavy-working
group were relatively longer. Almost no differences were observed in the body and limbs of
females, except for their arms. On the contrary, more significant differences were observed in
males. It can be concluded that not only the physiological stress related to the socioeconomic
situation, but also physical stress, is effective in shaping the body size and proportion. The results
of heavy working conditions resulted in long arms and short legs in HWG.
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