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Abstract: Osteoporosis is prevalent multifactorial bone problem in the world and Egypt. It is the major cause
of fracture in elderly. Interrelation between osteoporosis and obesity is still not clear. This study aimed to clear
this relationship in Egyptian women..Eighty patients were collected from complementary medicine clinic in NRC
Egypt to be enrolled in the study (60 post- and 20 pre-menopausal women above 40 years). Clinical examination,
anthropometric measures were performed. Subjects were investigated for bone health by both DEXA and serum
Human procollagen 1 N terminal peptide bone formation marker (PINP). DEXA was performed on left femur and
lumbar vertebrae L1-L2. Frax10 calculation for probability of hip fracture (HF) and major osteoporosis event
(MO) in10 years was used. Patients were categorized to four groups. First three were postmenopausal, the
fourth were premenopausal. (G1) were obese patient with age 58±2 y, (G2) were Obese patients with age 52±0.4y,
(G3) was non obese patients  of  age  51.2±  1.04y  and  (G4)  were  obese  premenopausal,  age  39.7±1.2y.
Results showed positive significant correlation between body mass index (BMI) and both bone mineral density
(BMD) and level of PINP while negative one between BMI and HF in all groups. Significant decrease of BMD,
PINP and increase of HF and MO in older obese postmenopausal patients compared to younger obese ones
(G1versusG2).The same was true in non obese postmenopausal patient, with significant marked increase of HF
when compared to obese patients with same younger age group (G3versusG2). G4 premenopausal obese women
were protected from HF by high BMD if compared to postmenopausal women. We concluded that obesity may
protect from marked loss of BMD and increase HF which occurs at menopause and aging. There is debate about
this concept. Egypt needs a wider scale study of this relation.
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INTRODUCTION suggests the opposite [5-7]. This means that fat and lean

Osteoporosis and obesity are the most common have relative contribution in bone health.
diseases with increase in both morbidity and mortality Osteoporosis is the silent disease leading to
worldwide [1-3]. Energy imbalance between consumed fractures. In the U.S., about 1.5 million fractures each year
and burned calories, fast food and sedentary life with the occurred due to osteoporosis [8, 9]. According to WHO
use of automated machines are main etiology of weight criteria, osteopenia (T score of -1 to -2.5) and
gain. It was reported by World Health Organization osteoporosis (T score  -2.5) were reported [10].
(WHO) that more than 1.9 billion adults were overweight Many studies were carried out on several
in 2014 and about 13% of the world’s adult population populations and concluded that obesity is positively
(11and15% of men and women respectively) were obese correlated with increased bone strength and lower fracture
[4]. Different studies mentioned that obesity has a risk [11]. However, recent evidence suggests that this
protective role against bone fragility but recent evidence relation between body mass index (BMI) and BMD is not

components of soft tissue influence bone metabolism and
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always true because many different factors can play a role height) were taken to calculate BMI (body weight divided
in this interaction such as, lower serum levels of Sex by height square) of patient. Patients with BMI >30 were
Hormone Binding Globulin, conversion of androgens-to- considered obese. Post menopausal women reported
estrogens in adipose tissue, increased serum leptin or cessation of menstrual period at least 12 months ago was
insulin growth factor, which may be stimulating factor for included. Patients with medical conditions that affect
bone formation [12, 13]. frax.10 were excluded.

The  relationship  between  adiposity,  fracture  risk Subjects were investigated for bone health by both
and   BMI   is   controversial.   Data   from  previous DEXA (performed by Lunar DPX DXA system
studies on the fracture risk in osteoporotic patients is manufactured by GE Health care) and serum bone
inversely proportional    to    total   bodyweight,  fat formation marker (PINP) as a marker that measures
mass, body fat percentage, hip girth and BMI before collagen bone formation using ELISA kit Glory Science
correction for BMD. When adjustment for BMD was Co., Ltd USA. DEXA was performed on left femur and
performed,   the    relationship   appeared   nonlinear  but lower lumbar vertebrae (L -L ). According to DEXA
U-shaped [14]. results, T score -1 to -2.5 indicate  osteopenia,  T-score 

Regarding premenopausal women, it was reported -2.5 indicates osteoporosis and that above -1 considered
that trunk fat, was inversely associated with bone normal according to WHO [20]. PINP lower reference
formation rate and trabecular bone volume [15, 16]. Also, values were 16 and 19 g / l for post and pre menopausal
a linear association between BMI and BMD is recorded women respectively [21].
but an inverse one between BMI and compensation for Patients were divided into four groups, twenty
increased impact forces during falls and risk of fracture patients each. The first three groups were
[17]. postmenopausal women and the fourth group was pre

Human procollagen 1 N terminal peptide, (PINP) is a menopausal.
sensitive bone formation marker and can be an indicator
of bone health in serum of patients [18]. First group (G1) were obese patient with average age 58±2

FRAX is a web-based tool that assesses the 10-year and BMI was 37.3± 1.38.
risk of osteoporosis fracture in women and men. Second group (G2) were obese patients with average age
Individual risk factors (age, sex, weight, height and 52±0.4 and BMI 33± 0.42. 
femoral neck BMD) and clinical risk factors (parental Third group (G3) were non obese patients (BMI <30) with
history of hip fracture, current tobacco use, long-term average age 51.2± 1.04, BMI 26.1 ± 0.54, same age
glucocorticoids use, rheumatoid arthritis, daily alcohol group as G2
consumption, etc..) filled into the web page to calculate Fourth group (G4) were obese patients, average age was
the probability of next 10-year fracture probability (as a 39.7±1.2, BMI 36.4± 0.99, same BMI as G1.
percentage) of absolute, rather than relative, risk as
occurs on the output of DEXA equipment [10, 19]. In this study FRAX 10 (WHO, fracture risk

There is scarce data dealing with the relationship assessment tool available at http://wwwshef.ac.uk/
between excess weight, bone health and probability of FRAX/20) [22] to calculate the probability of the risk of
fracture risk in menopausal and premenopausal women in hip fracture and major osteoporotic event in ten years,
Egypt. were estimated for each patient. Results were expressed as

So, we conducted the study to highlight this relation mean and standard error, one way ANOVA was done,
in Egyptian women around menopause, depending on Pearson test was used for correlation between BMI and
(dual energy X ray densitometry) DEXA and bone either BMD or PINP level. Also, Correlation between BMI
formation marker PINP as tools for diagnosis of bone and fracture risk was performed, P 0.05 was considered
health and FRAX tool to predict fracture risk in 10 years. significant. All statistics was done using SPSS 16 and

MATERIALS AND METHODS

The study was carried out in outpatient clinic of
complementary medicine In NRC Egypt. Eighty patients Analysis   of   data   (Table   1)   showed  significant
above 40 years, from those visiting the clinic, were (P  0.05) decrease in BMD in both neck of femur and
enrolled in the study. Clinical history and examination lumbar vertebrae in G1 if compared to G2 and G4 despite
were performed. Anthropometric measures (weight and the  three  groups  of patients  were  obese.   So   that,  G1

1 4

Microsoft excel.

RESULTS AND DISCUSSIONS
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Table 1: Interrelationship between Age, obesity and bone fragility in menopausal women 

Group Age BMI BMDL BMDF HF MO PINP

G1 58.0 ±2 37.03±1.38 0.92±0.34 0.83±0.11 0.33±0.17 2.30 ±0.7 25.90± 0.6d a a a a a ac

G2 52±0.4 33.00±0.4 1.12±0.06 0.99±0.11 0.08±.04 1.30 ±0.29 27.00± 1.2ad b b b b b b

G3 51± 1.04 26.1±0.54 0.76± 0.02 0.48 ±0.31 0.48± 0.4 2.28 ±0.33 23.70 ± 0.2ac c c c a a c

G4 39.7±1.2 36.4±0.99 1.18± 0.02 1.09± 0.09 0.00± 0.00 0.33±0.04 29.50 ± 0.95b a db db b c ab

Different superscript means significance P  0.05. BMI= body mass index, BMDL = bone mineral density of lumbar vertebrae, BMDF = bone mineral  density

in left femur neck, HF= hip fracture risk at hip, MO= major osteoporotic event. P1NP= bone formation marker. 

Fig. 1: (A) Positive correlation between BMI/B. (BMDF) Negative correlation between BMI/HF (BMDF=bone mineral
density in neck of left femur, HF= hip fracture probability). (C) Positive correlation between BMI/BMDL and (D)
Positive correlation BMI/PINP in all groups. (BMDL= bone mass density in lumbar spine L1-L4, PINP bone
formation marker, BMI= body mass index).

showed  significant  (p   0.05)  higher  probability   of  hip Despite G1 and G4 have nearly the same BMI
fracture  risk  (HF)   and   Major   Osteoporotic   event average, patients in G4 showed better BMD and very low
(MO)  versus  G2  and  G4   (Table   1).   Levels   of  PINP HF as they were younger in age (58 versus 39 in G1 and
in  serum  were  significantly  less  (p  0.05) in G1 versus G4 respectively) and still premenopausal and have
G2  and  G4  pointing  to  more bone formation in G2 and estrogen hormone secretion. Estrogen is the main
G4. This may be explained in the light of age difference influence of bone formation in premenopausal women,
(58, 51 and 39 years old in G1, G2 and G4 respectively) while, adipocyte is still relatively minor source of estrogen
(Table 1). [16].
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It was previously mentioned that after forty of age, than “slow losers” and this was referred to their lower fat
cortical bone is lost at a rate 0.3 to 0.5 % per year
accelerated to 5 to 7 % per year in postmenopausal
women leading to cumulative bone loss up to 40 to 50%
in some women [23]. More increase in some osteoclast cell
markers activity was recorded as consequence of age-
related osteoblasts apoptosis. It was concluded that
those markers can be an indicator of a higher risk of bone
fracture [24]. 

Concerning G2 and G3 who were menopausal women
within the same age group, results showed significant
(P 0.05) decrease in BMD in G3 versus G2 associated
with significant lower BMI. The neck of femur showed
dangerous low BMD levels that add to the fracture risk
(Table1).

On the other side, higher BMI in G1 protected
patients (older in age) from great and rapid decrease of
BMD when compared to non obese patients (younger
age) in G3. Also, G3 had higher HF than G1 for the same
reason.

G1 showed Positive significant correlation between
BMI and BMD of left femur and lumbar vertebrae (r =
+0.71, P=0.01, r = +0.68, P= 0.03 respectively). Also,
negative correlations between BMI and hip fracture risk
was found (r = -0.68, P< 0.03). PINP correlated positively
with BMI in patients (r = +0.95 P 0.001).

All groups showed (Fig. 1) Positive correlation
between BMI and BMD of left femur (r = 0.238, F=0.238,2

P=.003) (A) and negative one between BMI and HF
(r =0.119, F=5.14 and P  0.029) (B). Also, Positive2

significant correlation between BMI and BMD of lumbar
vertebrae (r =0.273, F=14.28 and P  0.001) was shown (C)2

and between BMI and PINP (r =0.089, F=3.73 and P2

0.061) (D). These results are in coincidence with the
findings of earlier studies where, BMD was better in
obese persons. While, negative correlations between BMI
and hip fracture risk were reported in patients [17, 25 and
26]. The same results were recorded in other types of
bone fracture in different body sites [27, 28].

Previous studies reported that women with BMI >37
kg/m  had 70% lower rate of hip fractures when compared2

with those with BMI <28.7 kg/m  [29]. Others reported that2

weight loss is associated with 1–2% bone loss at the hip
and at highly trabecular sites, such as the trochanter and
radius [30-33].

Obesity/osteoporosis interaction had great clinical
significance to evaluate the changes in bone metabolism.
Adipocyte had been recognized as an estrogen-producing
cell. Thus, early postmenopausal women who lost bone
rapidly had lower levels  of  both  estrone  and  oestradiol

mass [26].
Also in obese women, leptin hormone is produced in

bone marrow adipocytes [34] and its receptors were found
on osteoblasts [35-38]. Leptin plays an important role in
the maintenance of bone mass [39] where it increases
osteoblast proliferation, collagen synthesis and mineral
uptake [13]. Increased leptin level is correlated with
decreased bone resorption marker and decrease bone loss
both in pre and post menopausal obese women [40, 41].
Leptin has a potent effect on insulin secretion, insulin
stimulates differentiated osteoblast function in skeletal
tissue and increases bone matrix synthesis [42]. Also,
insulin increases 1, 25(OH) D3 synthesis necessary for2

bone formation [11, 12]. 
Glucose-dependent insulinotropic peptide, IGF-1 and

IGF-2(insulin growth factor 1, 2), have receptors on
osteoblasts, whose secretion in obese is related to
anabolic action on bone by stimulation of osteoblasts
proliferation [43].

Fig. 1.D. showed positive correlation of P1NP and
BMI in patients, similar result was mentioned by other
authors [44-46]

In the current study using PINP, as bone formation
marker in serum as diagnostic tool to BMD showed as
high accuracy as DEXA results and should be considered
as alternative easy diagnostic tool. Some authors
recorded contradictory reports in this respect where many
authors consider it as an accurate diagnostic tool in
research only but not in routine use due to its biological
variability [47].

CONCLUSIONS

It is concluded that obesity protects from rapid loss
of BMD and risk of hip fracture that commonly take place
in menopause and by aging. Because of the contradictory
debates in this point of research, Egypt needs a wide
scale study on obese persons having low BMD. Egypt
needs to be member of Frax10.
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