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Abstract
Summary We conducted an observational cross-section study
to investigate the status of bone mineral mass of Tibetan post-
menopausal women with type 2 diabetes and the possible
predictors for osteoporosis. We found that prevalence of oste-
oporosis was 27.0% and blood pressure was an independent
risk factor for bone mass loss.
Introduction The aims of this study is to investigate the prev-
alence of osteoporosis in postmenopausal women with type 2
diabetes dwelling in Tibet and the possible risk factors for
bone mass loss.
Methods We recruited 99 Chinese Tibetan postmenopausal
women with type 2 diabetes from the department of endocri-
nology of People’s Hospital Tibet Autonomous Region.
Multiple sites of bone mineral density (BMD) were measured
by dual-energy X-ray absorptiometry (DXA). The subjects
were divided into three groups based on BMD T-score: oste-
oporosis, osteopenia, and normal. The clinical characteristics
were compared between groups. The risk factors for bone
mass loss were assessed bymultiple linear regression analysis.
Results Among diabetic postmenopausal women dwelling in
high altitude, mean age was 62 ± 8 years, the median post-
menopausal period was 12 years (5, 20), the median duration
of diabetes mellitus was 3 years (1, 8), and mean BMI was

27.6 ± 4.2 kg/m2. Patients (52.5%) had hypertension. The
percentages of patients with osteoporosis, osteopenia and nor-
mal BMD were 27.3, 42.4, and 30.3%, respectively. HbA1c
and systolic blood pressure (SBP) were independently associ-
ated with T-scores of spine; ages and SBP were independently
associated with T-scores of femoral neck or hip.
Conclusions Among diabetic postmenopausal women
dwelling in high altitude, 27.3% patients have osteoporo-
sis, 42.4% patients have osteopenia, and 30.3% are nor-
mal. The BMD T-score of spine was inversely associated
with SBP and positively associated with HbA1c, while the
BMD T-score of femoral neck or hip was inversely asso-
ciated with ages and SBP.
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Introduction

Due to the decreased production of estrogen after menopause
and with aging, the prevalence rate of osteoporosis in post-
menopausal women was higher than in men the same age and
in women with menstruation. It has been estimated that oste-
oporosis contributes to ≥90% of hip and spine fractures in
women beyond 65 years old, thus linking with a significant
burden on the healthcare systems of countries worldwide [1].

High altitude is defined as 2440 m above sea level. An
elevation of over than 5490 m belonged to extreme high alti-
tude. People living at high altitude bear hard environment
including hypobaric hypoxia, low temperature, less humidity,
and limited nutritional resources [2]. The high-altitude stress
increased with altitude [3]. Hypoxia may stimulate secretion
of many hormones that have affected bone mineral metabo-
lisms. It is well documented that thyroid hormones, cortisol,
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catecholamines, and growth factors increased with altitude
[4]. Increased glucocorticoids are known to inhibit bone
growth and cause osteoporosis by inhibiting osteoblast prolif-
eration [5]. While increased thyroid hormones is known to
stimulate bone resorptionmore than formation and cause bone
mass reduction [6].

Diabetes and osteoporosis are both frequent conditions and
they may occur simultaneously. Although patients with type
2diabetes are known to have various changes in the BMD, a
growing body of evidence suggested that patients with type 2
diabetes had increased risk for fracture of the femur [7–10].
The prevalence of osteoporosis in different regions for patients
with type 2 diabetes has been largely reported previously
[10–13]. However, no report is available on the prevalence
of osteoporosis for those dwelling in high altitude. The Tibet
plateau has an average elevation of more than 4000 m above
sea level and counts 2.62 million inhabitants [14]. It is valu-
able to explore the prevalence of osteoporosis in Tibetan dia-
betic patients since both diabetes and high altitude may affect
bone metabolisms.

Based on the foregoing information, we carried out an ob-
servational cross-sectional study to investigate the status of
bone mineral mass of postmenopausal women with type 2
diabetes dwelling in Tibet and the possible predictors for os-
teoporosis. To our best knowledge, this is the first study to
report the prevalence of osteoporosis and explore the risk fac-
tors of osteoporosis in diabetic postmenopausal women in
high altitude.

Methods

Study population

The participants were Tibet-dwelling, postmenopausal
women with type 2 diabetes who were admitted to de-
partment of endocrinology of People’s Hospital of Tibet
Autonomous Region for occurrence of typical symptoms
including polyuria, polydipsia, polyphagia, and weight
loss or bad glucose control (fasting serum glucose
≥10 mmol/l or HbA1c ≥ 9.0%) from January 2013 to
August 2016. The inclusion criteria were as follows: (1)
subjects were diagnosed as type 2 DM according to
WHO 1999 criteria; (2) subjects were native dwellers
in high altitude (2500∼4500 m); (3) women who were
at least 12 months past their last menstrual period; (4)
not receiving treatment for osteoporosis or drugs known
to affect bone and mineral metabolism. A total of 99
postmenopausal women with type 2 diabetes were en-
rolled in our study. The study was approved by the
Institutional ethnic committee of People’s Hospital of
Tibet Autonomous Region.

Physical examinations and laboratory measurements

Histories of duration of diabetes and hypertension were ob-
tained from inpatient medical records. BMI was calculated as
weight (kg) divided by the square of height (m). All blood
samples were obtained at fasting state. Fasting blood glucose
(FBG), serum total cholesterol (TC), triglyceride (TG), low-
and high-density lipoprotein cholesterol (LDL-C and HDL-
C), uric acid (UA), glutamic-oxaloacetic transaminase
(ALT), glutamic-pyruvic transaminase (AST), and serum cre-
atinine (CRE) were determined with enzymatic methods on
automatic biochemical analyzer (Architech-C1600, USA).
HbA1c was measured by high-performance liquid chromatog-
raphy method (SYSMEX G8, Japan) with reference range
from 4.0 to 6.0%. The coefficients of variation (CVs) of
intra-assay and inter-assay are 0.004 and 1.73%, respectively,
which suggests excellent reproducibility. Blood routine exam-
inations were performed by automated hematology analyzer
(Sysmex XE-2100, Japan).

Bone mineral density measurements

Multiple sites of BMD examination was routinely performed
by a DXA (Hologic Discovery W S/N 86724, Bedford, USA)
for each postmenopausal woman in our institution. Daily cal-
ibration was carried out with a manufacture-provided phan-
tom, and the maximum coefficient of variation (CV%) of
BMD was 0.1%. Bone density was measured at the lumbar
spine (L1-L4) and proximal femur on a postero-anterior scan.
BMDwas expressed in g/cm2 and as peak bone mass percent-
age in normal subjects (T-score), depending on the software
used in the device. The reference range of normal subjects in
our study was adopted from that in mainland, China.

Definitions

According to WHO criteria, osteoporosis was diagnosed on
the basis of measurements at the spine and the right and left
femoral neck. Osteoporosis was diagnosed if T-score ≤−2.5,
osteopenia was diagnosed if −2.5 < T-score < −1.0, and nor-
mal BMD was diagnosed if T-score ≥−1.0. Hypertension was
defined if systolic pressure exceeded 140 mmHg and/or dia-
stolic pressure exceeded 90 mmHg, or if the patients are on
antihypertensive drugs. Frequent pregnancies were defined as
numbers of pregnancy ≥4.

Statistical analyses

All statistical analysis was performed using SPSS 16.0 (IBM,
Inc., New York, USA). Continuous variables were expressed
as mean ± SD. Since duration of DM did not follow a normal
distribution, the values were Log transferred (e.g., Ln duration
of DM) and displayed as median and interquartile range. The
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differences of continuous parameters that had normal distribu-
tion among groups were analyzed by one-way ANOVA anal-
ysis. Multiple stepwise linear regression analysis was per-
formed to determine the independent risk factors associated
with bone mass loss.

Results

Prevalence and risk factors of osteoporosis of diabetic
postmenopausal women in high altitude

Baseline characteristics of 100 subjects were summarized in
Table 1. The mean age was 61 ± 8 years and the median
menopause periodwas 13 years (5, 18) with amedian duration
of diabetes of 3 years. The mean BMI was 27.6 ± 4.2 kg/m2

and the median duration of menopause was 12 years. Patients
(29.3%) were normal BMD, 44.4% of patients were
osteopenia, and 27.3% of patients were osteoporosis.

Patients were divided according to BMD measurements in
three groups: 30 with normal BMD (T-score ≥ −1.0), 43 with
osteopenia (−2.5 < T-score < −1.0), and 27 osteoporosis (T-
score ≤ −2.5). From normal BMD, osteopenia to osteoporosis,
patients had significantly older age (p = 0.000), longer meno-
pause period (p = 0.001), higher percentage of frequent preg-
nancies (p = 0.024), longer duration of diabetes (p = 0.036),

and higher SBP level (p = 0.011). Other variables including
smoking, BMI, Hgb, HbA1c, UA, and CRE did not show
significant differences among three groups.

Associations between bone mineral loss and baseline
characteristics

Multiple linear regression analyses were performed to deter-
mine the strongest predictors for BMD T-score at different
sites. When BMD T-score of spine was entered as dependent
variable and age, BMI, menopause period, HbA1c, SBP, fre-
quent pregnancies, and smoking as independent variables, the
strongest predictors of BMD T-score of spine were HbA1c
and SBP (Table 2). The ages and SBP were significantly in-
dependently associated with T-score of femoral neck or hip
(Tables 3 and 4).

Discussion

In the present retrospective cross-sectional study, we showed
that among diabetic postmenopausal women who dwelled in
high altitude, 27.3% patients have osteoporosis, 42.4% pa-
tients have osteopenia, and 30.3% are normal. HbA1c was
positively associated with BMD T-score at spine; age was
inversely associated with BMD T-score at femoral neck and

Table 1 Comparison of risk factors among type 2 diabetic postmenopausal women with normal BMD, osteopenia, and osteoporosis

Variables Whole population (n = 99) Normal BMD (n = 30) Osteopenia (n = 42) Osteoporosis (n = 27) P value

Ages (years) 62 ± 8 58 ± 8 62 ± 8 67 ± 8 0.000

Duration of menopausal (years) 12 (5, 20) 10 (3, 15) 11 (4, 20) 17 (12, 23) 0.001

Numbers of pregnancy ≥4 (n, %) 28(32.2%) 2 (9.1%) 17 (42.5%) 9 (36.0%) 0.024

Duration of diabetes (years) 3 (1, 8) 2 (1, 8) 2 (1, 8) 7 (1, 12) 0.036

Hypertension (n,%) 52(52.5%) 11(37.9%) 25(58.1%) 16(59.3%) 0.191

Smoking (n, %) 9(8.8%) 4(14.3%) 2(4.7%) 3(11.1%) 0.358

BMI (kg/m2) 27.6 ± 4.2 28.9 ± 4.8 27.1 ± 4.0 26.8 ± 3.8 0.124

SBP (mmHg) 133 ± 21 123 ± 13 138 ± 18 134 ± 28 0.011

DBP (mmHg) 85 ± 12 82 ± 11 87 ± 12 84 ± 13 0.260

HbA1c (%) 12.3 ± 2.9 12.8 ± 2.7 12.8 ± 3.0 11.2 ± 2.9 0.081

UA (umol/l) 294 ± 86 298 ± 91 284 ± 78 305 ± 94 0.614

Serum calcium (mmol/l) 2.25 ± 0.14 2.24 ± 0.15 2.25 ± 0.13 2.26 ± 0.18 0.950

CRE (umol/l) 51.7 ± 18.5 47.4 ± 14.1 51.3 ± 12.8 56.8 ± 27.4 0.170

25(OH)D (ng/ml) 10.81 ± 7.44 9.13 ± 2.89 9.90 ± 6.99 14.95 ± 11.81 0.087

Hgb (g/l) 153.3 ± 16.9 154.1 ± 15.1 153.4 ± 16.2 152.4 ± 20.2 0.931

UACR (mg/g) 24.0 (5.5, 154.7) 12.6 (4.2, 73.1) 28.1 (7.0, 226.6) 25.2 (6.5, 68.1) 0.244

BMD of spine (g/cm2) 0.896 ± 0.160 1.065 ± 0.146 0.867 ± 0.073 0.753 ± 0.093 0.000

BMD of hip (g/cm2) 0.850 ± 0.163 0.994 ± 0.172 0.816 ± 0.113 0.742 ± 0.094 0.000

BMD of femoral neck (g/cm2) 0.761 ± 0.126 0.889 ± 0.090 0.728 ± 0.096 0.667 ± 0.083 0.000

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HbA1c glycosylated hemoglobin, UA uric acid, CRE creatinine,
25(OH)D 25-hydroxyvitamin D3, Hgb hemoglobin, UACR urine albumin creatinine ratio, BMD bone mineral density
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hip; and SBP was inversely associated with BMD T-score at
multiple sites.

The incidence of osteoporosis varies widely between pop-
ulations. It has been reported that approximately 30% of post-
menopausal American women and 23% of postmenopausal
Australian women have osteoporosis. In Germany, 23.3% of
postmenopausal German women had osteoporosis [13]. In
Asia, the prevalence of osteoporosis and osteopenia in post-
menopausal women in Oman were 40 and 47%, respectively.
The prevalence of osteoporosis among women 50 years and
older ranged from 25.7 to 37.0% in Hong Kong and 11.4% in
Taiwan [11, 12]. A survey in central south of China showed
37.5% Chinese postmenopausal women suffered from osteo-
porosis. Few reports are available for prevalence of

osteoporosis in postmenopausal women in high altitude. Our
study firstly showed for diabetic postmenopausal women in
Tibet plateau, the prevalence of osteoporosis and osteopenia
was 27.3 and 42.4%, respectively, which is comparative to
that at sea level.

High altitude-induced hypoxia may impair bone health.
Basu M et al. investigated bone mass change of healthy males
who migrated from an altitude of 3542 m to an extreme alti-
tude (5400–6700 m) in India where they stayed for 4 months.
The bone impairment was detected at the proximal phalanx.
Bone-specific alkaline phosphatase activities and 25(OH) vi-
tamin D declined significantly [4]. Another study compared
the alkaline phosphatase activity of dwellers in between mod-
erately high altitude and low altitude inMeghalaya, India. The
raised alkaline phosphatase activity was found among high-
landers, which may elevate the risk of osteoporosis [15].
Insufficient supplementation of nutritional elements such as
calcium and vitamin D may cause dysfunction of musculo-
skeletal system [2, 16]. Very low vitamin D supplement in
dietary, repeated pregnancies and lacking of calcium supple-
ment during pregnancy may be partially responsible for the
low BMD measurement obtained in these diabetic postmeno-
pausal women at high altitude. The National Osteoporosis
Foundation (NOF) recommends 1200 mg calcium and 800
to 1000 IU vitamin D daily for women aged 50 and beyond
[17]. Tibetans fall far below this recommendation. Previous
studies showed that vitamin D was alarmingly low, and bone-
related diseases were significantly higher in Tibet [2, 18].
Serum 25(OH)D is the best indicator of vitamin D status.
The mean 25(OH)D concentration in our study was
10.8 ± 7.2 ng/ml. The prevalence was 95.2% for
25(OH)D < 30 ng/ml and 90.5% 25(OH)D < 20 ng/ml, which
was much higher than postmenopausal women in mainland.

Table 2 Relationship between the baseline characteristics and BMD T-
score of spine in multiple linear regression analysis

Variables B SE P 95% CI

Age (years) −0.001 0.036 0.972 −0.073 to 0.071

BMI (kg/m2) 0.037 0.040 0.348 −0.042 to 0.117

Menopausal period (years) −0.036 0.031 0.257 −0.098 to 0.027

Duration of diabetes (years) −0.027 0.029 0.359 −0.086 to 0.031

Hypertension 0.616 0.336 0.071 −0.055 to 1.286

Smoking −0.034 0.499 0.946 −1.031 to 0.962

Frequent pregnancies −0.567 0.307 0.069 −1.179 to 0.046

SBP (mmHg) −0.019 0.007 0.012 −0.034 to −0.004
Hgb (g/l) −0.014 0.009 0.112 −0.032 to 0.003

CRE (μmol/l) −0.004 0.008 0.577 −0.019 to 0.011

UA (μmol/l) 0.001 0.002 0.419 −0.002 to 0.005

HbA1c (%) 0.139 0.046 0.004 0.046 to 0.232

BMI body mass index, SBP systolic blood pressure, Hgb hemoglobin,
CRE creatinine, UA uric acid, HbA1c glycosylated hemoglobin

Table 3 Relationship between the baseline characteristics and BMD T-
score of femoral neck in multiple linear regression analysis

Variables B SE P 95% CI

Age (years) −0.094 0.031 0.003 −0.155 to −0.033
BMI (kg/m2) 0.045 0.033 0.181 −0.022 to 0.112

Menopausal period (years) 0.011 0.026 0.669 −0.041 to 0.064

Duration of diabetes (years) −0.035 0.025 0.161 −0.085 to 0.014

Hypertension 0.319 0.284 0.265 −0.248 to0.887

Smoking −0.272 0.422 0.522 −1.114 to 0.571
Frequent pregnancies −0.006 0.259 0.982 −0.524 to 0.512

SBP (mmHg) −0.017 0.006 0.008 −0.030 to −0.005
Hgb (g/l) −0.009 0.008 0.255 −0.024 to 0.006

CRE (μmol/l) −0.003 0.006 0.593 −0.016 to 0.009

UA (μmol/l) 0.000 0.001 0.575 −0.004 to 0.002

HbA1c (%) −0.046 0.039 0.249 −0.124 to 0.033

BMI body mass index, SBP systolic blood pressure, Hgb hemoglobin,
CRE creatinine, UA uric acid, HbA1c glycosylated hemoglobin

Table 4 Relationship between the baseline characteristics and BMD T-
score of hip in multiple linear regression analysis

Variables B SE P 95% CI

Age (years) −0.093 0.031 0.003 −0.154 to −0.032
BMI (kg/m2) 0.052 0.034 0.125 −0.015 to 0.119

Menopausal period (years) 0.020 0.026 0.458 −0.033 to 0.072

Duration of diabetes (years) −0.018 0.025 0.476 −0.067 to 0.032

Hypertension 0.229 0.285 0.425 −0.340 to 0.798

Smoking −0.491 0.423 0.250 −1.336 to 0.354

Frequent pregnancies 0.356 0.260 0.176 −0.164 to 0.875

SBP (mmHg) −0.016 0.006 0.015 −0.028 to −0.003
Hgb (g/l) −0.006 0.008 0.455 −0.021 to 0.009

CRE (μmol/l) −0.007 0.006 0.287 −0.020 to 0.006

UA (μmol/l) 0.001 0.001 0.503 −0.002 to 0.004

HbA1c (%) −0.033 0.039 0.399 −0.112 to 0.045

BMI body mass index, SBP systolic blood pressure, Hgb hemoglobin,
CRE creatinine, UA uric acid, HbA1c glycosylated hemoglobin
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The food habit that is lacking of vitamin D and rarely exposure
more of their body than hands and face in whole life contribute
to the vitamin D insufficiency in Tibet. However, the potential
reasons for the apparently comparable osteoporosis preva-
lence at high altitude and sea level under the circumstances
of lower vitamin D in high altitude is still unknown. A larger-
scale epidemiological study covering mainland and high alti-
tude will be needed in the future.

Identification of risk factors will help healthcare pro-
viders to diagnose and treat patients with osteoporosis at
the earliest. The risk factors for osteoporosis have been
documented for population at sea level. Few studies are
available of the risk factors of osteoporosis in high-
landers. In our study, the risk factors of bone mass loss
were different at different sites. HbA1c was positively
associated with bone mass loss in spine. The positive
association between HbA1c and BMD was also proved
by other studies [8]. Mechanisms accounted for type 2
diabetic patients with increasing BMD are complex and
largely unclear. Adipocytokines dysfunction and
hyperinsulinemia may play a role [19]. Large prospec-
tive studies are needed to explore the mechanisms un-
derlying the association. Advancing age, an absolute
risk factor for osteoporosis and evidenced by a majority
of studies, was also a risk factor for bone mass loss in
femoral neck and hip in our study. In addition, blood
pressure was significantly associated with bone mass
loss of multiple sites. Our result was in accordant with
previous finding of strong association between osteopo-
rosis and hypertension [20–24]. Cappuccion et al. stud-
ied 3676 white postmenopausal women and found that
higher blood pressure was associated with increased
bone loss at the femoral neck [21]. Similarly, for
Korean and Chinese postmenopausal women [22, 23],
the strong association between osteoporosis and hyper-
tension were also evidenced by researchers in large co-
horts, respectively.

The main limitations of this study are: first, we have
no data for the prevalence of osteoporosis in the general
population at Tibet and are not able to compare the
differences between people with and without diabetes.
Second, due to the nature of cross-section study, we
cannot conclude the causal relationship between the risk
factors and osteoporosis. Third, results from a single-
center may not be generalized and small sample size
may diminish its statistical power. Therefore, prospec-
tive studies with large samples and intervention strate-
gies are further needed to verify our results.

In conclusion, our study reported that prevalence of
bone mass loss in postmenopausal women with type 2
diabetes dwelling in high altitude was 27.0%. Blood
pressure was an independent risk factor for bone mass
loss at multiple sites. HbA1c was independently

positively associated with BMD T-score in spine, while
advancing age was independently inversely associated
with BMD T-score in femoral neck and hip.
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