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Abstract:

2D:4D ratio is determined by the balance between androgens and estrogens. Low level estrogen reduces
bone mineral density (BMD) and incurs negative changes to bone microarchitecture, increasing the risk of
osteoporosis and, as a consequence, fracture risk in women. The purpose of this study was to investigate
the relationship between 2D:4D, muscle strength and body composition to BMD in young women. One
hundred twenty-seven young women (age range 24-36 years) voluntarily participated in this study. Lengths
of the second (index) and fourth (ring) fingers, upper and lower body strength and body composition (body
mass index, BMI; waist to hip ratio, WHR) and body fat percentage were estimated. Also, blood levels of
calcium and 25-hydroxyvitamin D (250HD) were evaluated and dual-energy X-ray absorptiometry device
was used to measure BMD in the lumbar spine (LS) and femoral neck (FN). The results showed that digit
ratios, upper body and lower body muscle strength, BMI and fat percentage had a positive relationship with
LS and FN BMD (LS BMD: r=47, r=.56, =46, r=.34, r=.28, p<.001, respectively; FN BMD: r=.34, r=49,
r=.51, r=45, r=27, p<.001, respectively). In addition, there was no significant relationship between WHR
and BMD of LS and FN (p>.05). Multiple linear regression analysis showed the upper body strength was
a stronger determinant of LS BMD and the lower body strength was a stronger determinant of FN BMD.
Based on the results, the researchers concluded that upper and lower body strength, 2D:4D ratios and BMI
were important determinants of young women’s BMD. Also, it seemed that some of these factors may be
able to help predicting the osteoporosis potential in young women.
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A lot of research has been done on the 2D:4D
ratio in humans. The ratio of fingers, especially

Introduction

Osteoporosis is one of the main and wide-
spread health problems in the world that incurs
high death rate and costs for patients (Miller, et
al., 2009). Among the factors causing osteopo-
rosis are gender, age, body size, ethnicity, family
history, hormonal levels, eating disorders, calcium
and vitamin D intake, medication use, smoking,
alcohol consumption and physical activity (National
Institutes of Health, 2015). Bone mineral density
(BMD) is largely determined by genetics, but an
important factor determining bone mass in adoles-
cents is the anabolic effect of increased levels of
growth hormone and steroids. These factors can
have some impacts on the bone by circulation and
peak bone mass (PBM). Moreover, optimal nutri-
tion is very important to maintain proper energy
balance, optimizing bone growth and skeletal devel-
opment (Nasri, Hassen Zrour, & Rebai, 2013).

the second to the fourth, is determined and formed
in the fetal period, and then remains the same
during the growth period of an individual. After
nine weeks of pregnancy, the fetus grows rapidly,
and that period becomes highly sensitive for the
fetus (Lu, Ma, Zhao, & Huo, 2015). So, during that
period, if there are changes in the environment of
the uterus (such as malnutrition or changes in the
level of hormone within the uterus), not only will
systems and organs structure of the fetus change,
but also it affects ratio of fingers. Therefore, study-
ing the ratio of fingers can indirectly indicate devel-
opment of embryo during the fetal period in the
uterus and the changes occurring in this period
(Lu, et al., 2015; Yamamoto, Tamura, Ono, Takei,
& Sano, 2015).

Over the past decade, research has been
conducted on the 2D:4D ratio in different soci-
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eties, and there correlations have been established
between fetal sex steroids, general health and phys-
ical fitness of a person (Honekopp, Bartholdt, Beier,
& Liebert, 2007; Lu, et al., 2015). It has recently
been suggested that the 2D:4D ratio is negatively
associated with the fetal testosterone and positively
related to embryoid estrogen. Also, according to
what was mentioned above, it is argued that high
fetal testosterone and low estrogen (decreasing the
2D:4D ratio) favor the male fetus, and low fetal
testosterone and high estrogen (increased 2D:4D
ratio) favor the female fetus (Manning, et al., 2000).
Accordingly, the ratio of 2D:4D in men is lower than
in women. The difference in this ratio is controlled
by the Homeobox or Hox gene (Hox and Hoxa gene)
(Manning, et al., 2000) and remains constant in
life; it is not even affected by the onset of puberty
(Trivers, Manning, & Jacobson, 2006). Further-
more, genetic studies have shown that Runx2,
Sox9, 1gfbp2/5, Fgfr2, Bmp6, Ihh and Wnt5a play
an important role in the development of fingers and
other bone proportions (Zheng & Cohn, 2011).

In recent years, several studies have exam-
ined the relationship between fingers and certain
diseases (such as osteoarthritis, coronary artery
disease, breast cancer, etc.) in women. Some
evidence suggested that the prenatal balance of sex
hormones, reflected in the 2D:4D ratio, might have
amultilateral long-term effect on the human biolog-
ical condition affecting adult disease risk, espe-
cially those sex steroids related diseases (Klimek,
Galbarczyk, Nenko, & Jasienska, 2016; Wang, et
al., 2018; Lu, et al., 2015).

Bone and muscle are active metabolic tissues
continuously regulated with harmony of counter-
acting processes. They are multifactorial and patho-
physiological pathways share different (Boirie,
2009). Previous studies showed that the reduction
of serum estrogens, IGF1, increased levels of pro-
inflammatory cytokines (IL-6, TNF-a) and possible
changes of genes in common (reduction of AKT)
was related to type II muscle fiber atrophy (Tagli-
aferri, Wittrant, Davicco, Walrand, & Coxam,
2015). The results of several studies showed that
there was a direct relationship of strength and body
mass with BMD. Arazi, Eghbali, Sacedi, and Mogh-
adam (2016) showed that muscle strength was posi-
tively related to BMD in postmenopausal women. In
addition, Khalil, Faulkner, Greenspan, and Cauley
(2014) demonstrated that there was no significant
relationship between strength and BMD.

Body composition refers to the amount
and distribution of fat mass and fat-free mass
(Saarelainen, et al., 2012). Body composition (lean
and fat mass) is closely related to BMD values in
postmenopausal women (Saarelainen, et al., 2012).
Body mass index (BMI) is a simple and easy index
of weight for height that is commonly used to clas-
sify underweight, overweight, and obese persons.

The relationship between BMI and fracture risk is
non-linear (Compston, et al., 2014). Various studies
indicated that BMI is inversely associated with the
risk of osteoporotic hip fracture, while its relation-
ship with other limb fractures is still debated among
authors (Gnudi, Sitta, & Lisi, 2009). Also, various
studies indicated no relationship between BMI and
BMD (Babaroutsi, Magkos, Manios, & Sidossis,
2005; Sarkis, Martini, Szejnfeld, & Pinheiro, 2012).
Opposite to that, Moon (2014) demonstrated that
BMI was positively correlated with femoral neck
(FN) and lumbar spine (LS) BMD.

According to the stated, it seems that the 2D:4D
ratio, body composition, and muscle strength are
likely to be related to BMD through common
genes with bone, their relationship with estrogen
and testosterone, and generally pathophysiological
pathways. Moreover, the relationship between the
2D:4D ratio and BMD in young women has not
been studied; so, the researchers decided to study
this topic for the first time. Also, according to the
effects of some ethnic, environmental factors and
differences in lifestyle (such as mobility, nutrition
and its effects on BMD) and the lack of studies
on the relationship between these variables and
BMD in Iranian women, there is a need to examine
possible associations between them.

Methods

Participants

A descriptive study included 127 women
(age range 24-36 years). The participants in this
study were selected among 382 volunters who
declared their willingness on a voluntary basis,
after announcements in medical offices and asso-
ciated laboratories. The researchers excluded those
participants who suffered from the established rheu-
matologic diseases; had a history of taking drugs
affecting BMD (corticosteroids), parathyroids and
adrenal glands; had diabetes and advanced liver
failure; had advanced heart disease or any type of
cancer; sustained fractures in the previous months;
had any implant in the body; completed bed rest
for three consecutive months; or those who were
smoking and consumed alcohol. Also, the partici-
pants in this study were not pregnant and did not
take hormonal contraceptives in the last six months
(El Hage, et al., 2014; Sherk, Palmer, Bemben,
& Bemben, 2009; Marin, Pedrosa, Moreira-
Pfrimer, Matsudo, & Lazaretti-Castro, 2010). The
researchers described the research process and
procedures to the participants and asked them to
fill out the consent form and general health ques-
tionnaire. The work described has been carried out
in accordance with the Declaration of Helsinki. All
the steps were verified by the University’s ehtical
committee.
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Measurement of body composition

In this study, body composition includes: BMI,
waist to hip ratio (WHR), and fat percentage. After
the body height and body weight measuring, BMI
was calculated by dividing body weight (kg) by
body height (m) squared. Also, to measure WHR,
the waist circumference was divided by the hip
circumference. The researcher used Jackson and
Pollock’s method to measure body fat percentage.
Subcutaneous fat thickness at three sites of the body,
including the triceps, supraspinale and thigh, was
measured and the body density was determined for
each individual (Jackson & Pollock, 1978). Then,
using Brozek equation, body fat percentage was
calculated for each individual (Brozek, Grande,
Anderson, & Keys, 1963). Skin-fold thickness was
obtained using calipers (Lafayette model 01127,
USA) calibrated to 1 mm accuracy. All the meas-
urement was done on the right side of the body three
times and the average was used for further analysis.

Fingers ratio measurement

A digital scanner (model 5590 HP Scanjet,
American) was used to measure fingers. The partici-
pants put the palm of their hands on the scanner,
stayed in front of it and kept a two-centimeter
distance between finger tips (right hand). The image
was sent to the computer and the researchers used
Kinovea software to measure fingers’ length with
the accuracy of 0.01 cm. The fingers’ length was
measured from basal crease proximal to the palm
to the tip of the finger. The second to fourth finger
length by the ratio was measured by dividing the
index finger ring finger length (Manning, Scutt,
Wilson, & Lewis-Jones, 1998).

Measurement of upper and lower body
strength

To measure upper body strength, the researchers
used the chest press test and for lower body strength,
they used the leg press test. The amount of weight
and the number of repetitions were recorded for
each individual and the maximum repetition was
obtained using Brzycki formula (Brzycki, 1993).

One-repetition maximum (IRM) =
Load (kg)
1.0278-[0.0278 x maximum number of repetitions]

Blood measurements

Blood levels measurement sampling (25OHD
and calcium) was done while the participants were
fasting (8:00 to 10:00 a.m.). The subjects donated
five cc blood from their brachial vein. Then, the
blood was transferred to the laboratory and centri-
fuged at 3000 rpm and the calcium and 250HD
values were determined. The determination of

250HD was tested by enzyme-linked immuno-
sorbent assay method with sensitivity of five nm/L
(Stat Fax 2100, Awareness Technology, Palm City,
FL). The blood level of calcium was determined
with the Auto Analyzer RA-100 (Bayer-Tech-
nicon, Leverkusen, Germany). The normal levels
of 250HD above 20 ng/ml and calcium 8.50-10.50
mg/dl were considered (IOM, 2011).

Measurement of BMD

BMD in the LS and FN was measured using
dual-energy X-ray absorptiometry device (QDR
4500 W, Hologic Inc., Bedford, MA) and the results
were recorded as T-score. In this analysis, BMD
at the LS was estimated from L2 to L4. The FN
BMD used in the analysis was estimated on the
right side. We divided the sample into three groups
using the World Health Organization (WHO) clas-
sification of healthy, osteopenic and osteoporotic
persons. The WHO defines osteopenia and osteopo-
rosis based on BMD: osteopenia is BMD less than
-1 and more than -2.5 standard deviations in rela-
tion to the mean BMD of young adults, and osteo-
porosis is BMD less than -2.5 standard deviations
in relation to the mean BMD of young adults (WHO
Scientific Group, 2003).

Statistical analysis

Mean and standard deviations of data were
calculated using descriptive statistics. The
researchers used Kolmogorov-Smirnov test to check
for the normality of data. Associations between the
variables were given as Pearson’s correlation coef-
ficients and r values were reported. Multiple linear
regression analysis models were used to test the
relationship between variables, and R? values were
reported. To compare the results between the groups
of healthy, osteopenic and osteoporotic participants,
one-way analysis of variance (ANOVA) was used.
Bonferroni post-hoc test was used for multiple
comparisons. The analyses were performed using
SPSS 22 and Excel 2016. The p<.05 was considered
as the level of significance.

Results

Table 1 shows characteristics of the participants.
Regarding muscle strength, the results showed
that there was a significant relationship between
the upper body muscle strengths and the LS and
FN BMD (r=.56, r=.49, p<.001). Also, there was
a significant relationship between the lower body
muscle strengths and the LS and FN BMD (r=.46,
r=.51, p<.001) (see Table 2). Moreover, the results
of this study showed that there was a positive and
significant relationship between 2D:4D ratio and
BMD in both areas (r=.47, r=.34, p<.001; respec-
tively for LS and FN). Also, there was a positive
relationship between BMI and fat percentage and
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Table 1. Characteristics of study subjects

Characteristic MSD
Age (years) 31.3314.28
Body height (cm) 158.74+5.87
Body weight (kg) 59.32+4.83
WHR 0.74+0.06
BMI (kg/m?) 23.94+4.98
Fat (%) 34.81+4.78
2D:4D 0.97+0.08
Chest press (kg) 20.3146.19
Leg press (kg) 56.79+18.39
Calcium (mg/dl) 8.79+0.36
250HD (ng/ml) 42.37+17.22
LS (L2-L4) BMD (T-score) 0.27+0.90
FN BMD (T-score) -0.79+0.80

Note. Waist to hip ratio (WHR); body mass index (BMI);
25-hydro-xyvitamin D (250HD); lumbar spine (LS); bone
mineral density (BMD); femoral neck (FN).

Table 3. Multiple linear regression analysis models

the LS and FN BMD (BMI: r=.34, r=45, p<.001;
fat percentage: r=.28, r=.27, p=.001; respectively).
Opposite to that, there was no relationship between
WHR and the LS and FN BMD (r=-.09, p=.30,
r=.10, p=.26; respectively) (see Table 2).

Table 2. Associations between strength, 2D:4D ratio, BMI,
WHR and fat percent with BMD (T-score)

LS BMD FN BMD

Variable

r p r p
BMI (kg/m?) .34 <.001* 45 <.001*
WHR -.09 .30 10 .26
Fat (%) .28 .001* .27 .001*
2D:4D 47 <.001* .34 <.001*
Chest press (kg) .56 <.001* 49 <.001*
Leg press (kg) 46 <.001* .51 <.001*

Note. Lumbar spine (LS); bone mineral density (BMD); femoral
neck (FN): waist to hip ratio (WHR); body mass index (BMI).
*Significance at the <.05 level.

Variables B B SE p
Dependent variable: TS LS (R?=.42, Durbin-Watson=1.41)

Chest press (kg) .055 377 .012 <.001
2D:4D 2.77 .250 .868 .002
Leg press (kg) .009 192 .004 .01
Dependent variable: TS FN (R2=.40, Durbin-Watson=1.40)

Leg press (kg) .015 .334 .003 <.001
BMI (kg/m?) .042 .263 .012 .001
Chest press (kg) .030 .235 .01 .005

Note. Unstandardized regression coefficient (B); standardized regression coefficient (8); standard error (SE): T-score (TS); lumbar

spine (LS); femoral neck (FN); body mass index (BMI).

Table 4. Strength, 2D:4D ratio, BMI, WHR and fat percent in women with healthy, osteopenic and osteoporotic LS and FN according

to the WHO classification

FN BMD

vs. osteopenic (39)
vs. osteoporotic (24)

vs. osteopenic (56)

Healthy (39) vs. osteoporotic (32)

LS BMD
Variable
Healthy (64)

2D:4D 0.99
Chest press (kg) 22.97
Leg press (kg) 61.53
BMI (kg/m?) 25.20
WHR 0.74
Fat (%) 35.85

vs. 0.95 (p=.05)
vs. 0.89 (p<.001)

vs. 19.25 (p=.003)
vs. 14.96 (p<.001)

vs. 55.49 (p=.28)
vs. 46.28 (p<.001)

vs. 24.00 (p=.63)
vs. 20.50 (p<.001)

vs. 0.74 (p=1.00)
vs. 0.73 (p=1.00)

vs. 35.19 (p=1.00)
vs. 31.44 (p<.001)

0.98

22.58

63.99

25.30

22.58

35.62

vs. 0.96 (p=.78)
vs. 0.92 (p=.003)

vs. 20.35 (p=.22)
vs. 17.48 (p=.001)

vs. 57.93 (p=.28)
vs. 46.02 (p<.001)

vs. 23.88 (p=.49)
vs. 22.41 (p=.04)

vs. 20.35 (p=1.00)
vs. 17.48 (p=.53)

vs. 35.27 (p=1.00)
vs. 33.03 (p=.06)

Note: Lumbar spine (LS); bone mineral density (BMD); femoral neck (FN): waist to hip ratio (WHR); body mass index (BMI).
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The results of the stepwise multiple linear
regression analysis models are shown in Table 3.
Chest press was a strong predictor of LS BMD
(B=.377, p<.001) and leg press was a strong predictor
of FN BMD (=.334, p<.001) (see Table 3).

The subjects were divided into healthy, osteo-
penic and osteoporotic groups according to their
T-scores of the LS and FN BMD (WHO classifi-
cation). Osteoporotic women, according to LS and
FN BMD, performed significantly worse in body
strength (p<.05) (see Table 4). According to LS
BMD, 2D:4D, BMI and fat percent were signifi-
cantly lower in osteoporotic women compared to
healthy women (p<.05). Also, osteoporotic women,
according to FN BMD, had a significantly lower
2D:4D and BMI compared to healthy women
(p<.05) (see Table 4).

Discussion and conclusion

Our results showed that there was a significant
relationship between digit ratios, upper body and
lower body muscle strength, BMI and fat percentage
to LS and FN BMD. The main findings of this study
indicated that chest press was a strong predictor of
LS BMD and leg press was a strong predictor of
FN BMD in young women.

Estrogen is a regulator of bone metabolism in
men and women. Khosla, Oursler, and Monroe
(2012) suggested the effects of estrogen regula-
tion on bone turnover by the impact on osteocytes,
osteoblasts and T-cells. Estrogen directly affects
osteocytes, osteoblasts and osteoclasts and acts
as an inhibitor of osteoclasts blocking their acti-
vation directly or through osteoblasts and T-cells.
Ultimately, the estrogen action on the skeleton is
reduced by remodeling, bone resorption and main-
taining bone formation (Cauley, 2015; Khosla, et
al., 2012).

The results of this study indicated a significant
relationship between 2D:4D and BMD. Androgen
and estrogen receptors have more activity on the
fourth finger than the second finger. The inactivation
of the androgen receptor reduces the growth of the
fourth finger and increases the 2D:4D ratio, while
the inactivation of the estrogen receptor increases
growth of the fourth finger and reduces the 2D:4D
ratio. Androgens and estrogens separately regulate
the chondrocyte proliferation controlling genes that
results in the separate growth of fourth finger in
men and women. These studies identified molec-
ular dimorphisms between men and women’s limb,
and empirical evidence also showed that fingers had
a lifelong relationship to prednisolone hormones
(prenatal hormonal exposure). This shows how
to maintain this ratio among mammals (Zheng &
Cohn, 2011; Li, et al., 2016). In addition, as stated,
this ratio remains constant over a lifetime and is
not affected by the onset of puberty (Trivers, et al.,
2006). As mentioned, the difference in 2D:4D is

controlled by the Homeobox or Hox gene (Hox and
Hoxa gene) (Manning, et al., 2000). Hox genes is an
important regulator of the musculoskeletal system
(muscle, tendon and bone) and plays an important
role in skeletal patterning through axial and appen-
dicular skeletons (Pineault & Wellik, 2014).

The 2D to 4D ratio transcript levels are deter-
mined by 19 genes. Several genes are set in skeleton
and other tissues by steroids; genetic studies have
shown that Sox9, 1gfbp2/5, Fgfr2, Bmp6, Ihh, and
Wnt5a play important roles in the development of
2D:4D ratio (Zheng & Cohn, 2011). For example,
it has been shown that Wnt5a adjusts the rate of
chondrocyte and puberty in long bones. The find-
ings indicated that androgen was a negative expres-
sion regulator of Wnt5a in the ratio of fingers; when
Wnt5a is positively regulated on the fourth finger
after contrasting with androgen, cell proliferation
may decrease in this case, and size of the fourth
fingers may be shortened and the ratio of the second
to the fourth fingers increases, and thus, leads to the
development of an increase in the ratio of femininity
in the fingers (Zheng & Cohn, 2011).

Many factors, including Ihh, parathyroid
hormone-related protein (PTHrP), Bmps, and
Fgfs affect way and speed of chondrocytes trans-
mission from the resting-immature to the hyper-
trophic state and ultimately causing formation of the
bone collar (Karsenty, Kronenberg, & Settembre,
2009; Kobayashi & Kronenberg, 2014). Ihh is a key
regulator for the development of long bones that
modulates cartilage growth and osteoblastogen-
esis. Furthermore, it regulates the rate of matu-
rity of the chondrocyte by activating PTHrP at the
joint surface. Ihh is also required for the propaga-
tion of chondrocyte and osteoblast differentiation
that acts through independent pathways of PTHrP.
Moreover, Runx2 also plays a role in bone forma-
tion (Gonzalez-Martin, Mallo, & Ros, 2014; Long,
et al., 2004).

A very few studies have investigated the rela-
tionship between bone density and fingers’ ratio.
In this regard, there is a study conducted by Arazi
et al. (2016) which showed a positive relationship
between 2D:4D ratio and BMD in postmenopausal
women. These results are in line with the results of
our study.

Regarding muscle strength, the results showed a
positive relationship between strength and BMD. In
line with the results of the present study, the results
of Kéarkkéinen et al. (2008) showed that handgrip
strength and leg extension strength were related to
BMD in postmenopausal women. Also, Arazi et al.
(2016) showed that muscle strength was positively
related to BMD in postmenopausal women. Sherk
et al. (2009) found a relationship between muscle
strength and BMD in specific areas and showed
that lower body muscle strength and muscle mass
had strong effects on BMD in femur bone. Women
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suffering from sarcopenia had more symptoms of
osteopenia in the total body, LS and forearm BMD
sites. In their study, they found a significant relation-
ship between upper body muscle strength and femur
BMD (Sherk, et al., 2009). Opposite to the results of
the present study, Khalil et al. (2014) demonstrated
that there was no significant relationship of hand-
grip strength and leg extension strength to BMD in
the old men; it seems that these results may be due
to differences in gender. The researchers argued
that environmental factors are strongly effective
in muscle strength.

Many paths are involved in the relationship
between muscle strength and BMD. However, all
effective paths are not fully understood. One of
these mechanisms includes osteocalcin, an osteo-
blast-derived protein marker of bone formation that
stimulates B-cell proliferation and insulin secre-
tion and acts directly on skeletal muscle, corre-
lating with muscle strength (Hirschfeld, Kinsella,
& Duque, 2017). Another intrinsic mechanism of
muscle and bone involvement is the secretion of
vascular endothelial growth factor (VEGF) by
bone marrow mesenchymal stromal cell stimu-
lating the proliferation of myoblast. The muscle also
secretes several endocrine molecules affecting the
bone, such as IGF-1, irisin, osteonectin, osteogly-
cine, fibroblast growth factor-2 (FGF2), IL-6, IL-5,
myostatin and matrix metalloproteinase 2 (MMP2)
(Hirschfeld, et al., 2017; Tagliaferri, et al., 2015).
Furthermore, hormonal factors found in the bone
(FGF21, subcaboxylated osteocalcin, and sclerostin)
have some effects on skeletal muscle. There are also
common pathways such as GH/IGF-1, sex steroids,
and Wnt signaling in the bone-muscle control unit
which can be compatible with mechanical stimula-
tion and damage (Lebrasseur, Achenbach, Melton,
Amin, & Khosla, 2012).

The results of the present study showed a signifi-
cant and positive relationship between BMI and
fat percentage, on the one hand, and BMD. In this
regard, El Hage, Theunynck, and Jacob (2012a)
showed that there was a positive relationship of
BMI and fat with BMD in the LS, trochanteric
and FN in women. The results of the study by El
Hage and Baddoura (2012b) with postmenopausal
women showed that body weight, BMI, fat mass
and fat percentage had a positive and significant
relationship with BMD FN CSA (cross-sectional
area), FN Z (section modulus), IT (intertrochanteric)
CSA, IT Z, FS (femoral shaft) CSA, FS Z. Also,
Xiang et al. (2017) showed that fat mass indepen-
dently influenced the BMD of Chinese postmeno-
pausal women. Johansson et al. (2014) indicate that,
compared to BMI of 25 kg/m?, the hazard ratio for
osteoporotic fracture was a BMI of 35 kg/m?2. Oppo-
site to that, some studies indicated no relationship
between BMI and BMD (Babaroutsi, et al., 2005;
Sarkis, et al., 2012).

Some interacting mechanisms between fat and
bone may include the relationship between fat mass
and secretion of bone activating hormones from the
pancreatic beta cells (insulin, amylin, and preptin),
bone-active hormones (estrogens and leptin) from
adipocytes and the load of soft tissue on the skeleton
(Reid, 2008). Increased body weight and fat mass are
associated with decrease in free testosterone in men
and increase in estrogen in women (El Hage, et al.,
2012a). On the other hand, fatness is associated with
increase in environmental estrogen. These changes
may be due to the increased synthesis of osteoblast
and decreased osteoclast activity (Genaro, Pereira,
Pinheiro, Szejnfeld, & Martini, 2010). However, the
relationship between fat mass and bone density is
dependent on gender, diet, genetics and physical
activity and the procedure of body composition
measuring (Genaro, et al., 2010).

The evidence has shown that increased WHR is
related to hormonal factors (high levels of androgen
and cortisol, low levels of estrogen) and may lead to
success in sporting activities, especially in difficult
and stressing situations (Cashdan, 2008). Manning
etal. (2000) showed that the women with low levels
of WHR had lower testosterone and higher estrogen,
while the women with higher WHR had higher
testosterone and lower estrogen. Based on these
results and the relationship between bone density
and estrogen levels in women, it seems that WHR
has a negative relationship with BMD; however,
our results did not show a significant relationship
between WHR and BMD. A few studies have inves-
tigated this issue; the results of Arazi et al. (2016)
showed a negative relationship between WHR and
BMD in postmenopausal women. Also, Li, Gong,
and Jiang (2017) suggested that WHR might be
associated with an increased risk of hip fracture,
and the hip fracture risk could be increased substan-
tially when the waist circumference is >100 cm.

It seems that this controversy may be due to
stress level, type of activity and individuals’ respon-
sibility in the society. The research has shown that
the women exposed to a higher level of stress expe-
rience higher levels of WHR independent of BMI.
Stress leads to increase in cortisol, which, in turn,
leads to increase in WHR (Cashdan, 2008). In soci-
eties where individuals are socially and economi-
cally independent, the WHR ratio may be different
(Cashdan, 2008). So, it seems that the WHR ratio
is dependent on different variables.

The results of this study showed that the 2D:4D
ratio, muscle strength, and BMI are fair determi-
nants and play important roles in young women’s
BMD. Moreover, it seems that the use of some of
these variables may help to preventing osteoporosis
in women. However, the researchers suggested that
there is a need for more studies in this area to find
more acceptable and comprehensive results.
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