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Abstract 

Osteoporosis affects more than 200 million women worldwide, with postmenopausal women being particularly sus-
ceptible to this condition and its severe sequelae disproportionately, such as osteoporotic fractures. To date, the cur-
rent focus has been more on symptomatic treatment, rather than preventive measures. To address this, we per-
formed a meta-analysis aiming to identify potential predictors of osteoporotic fractures in postmenopausal women, 
with the ultimate goal of identifying high-risk patients and exploring potential therapeutic approaches. We searched 
Embase, MEDLINE and Cochrane with search terms (postmenopausal AND fracture) AND (“risk factor” OR “predictive 
factor”) in May 2022 for cohort and case–control studies on the predictors of osteoporotic fracture in postmenopausal 
women. Ten studies with 1,287,021 postmenopausal women were found eligible for analyses, in which the sample 
size ranged from 311 to 1,272,115. The surveyed date spanned from 1993 to 2021. Our results suggested that age, 
BMI, senior high school and above, parity ≥ 3, history of hypertension, history of diabetes mellitus, history of alcohol 
intake, age at menarche ≥ 15, age at menopause < 40, age at menopause > 50, estrogen use and vitamin D supple-
ments were significantly associated with osteoporotic fracture in postmenopausal women. Our findings facilitate 
the early prediction of osteoporotic fracture in postmenopausal women and may contribute to potential therapeutic 
approaches. By focusing on preventive strategies and identifying high-risk individuals, we can work toward reducing 
the burden of osteoporosis-related fractures in this vulnerable population.
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Introduction
Epidemiologic studies have revealed that 11% of the 
global population is more than 60 years old, and propor-
tion is projected to 22% by the year 2050 [1]. A large pro-
portion of elderly individuals suffers from osteoporosis, 
a condition that poses various health hazards, includ-
ing increased morbidity, financial burdens for fami-
lies and lowered health-related quality of life (HRQoL) 
[2–5]. Osteoporosis is characterized by abnormal bone 

microarchitecture and low bone mass, leading to an 
increased risk of fragility fractures [6, 7]. The combined 
risk of experiencing any type of clinically concerning 
fracture in a lifetime is around 40%, which is on par with 
cardiovascular disease risk [8]. As an important public 
health problem, osteoporosis is associated with mortality, 
functional disability and high costs of health system due 
to the several thousand fractures each year [9]. The aging 
population is also expected to aggravate the disease bur-
den of osteoporotic fracture [10].

Osteoporosis affects more than 200 million women 
worldwide. Particularly, postmenopausal women are par-
ticularly vulnerable to osteoporosis and its severe seque-
lae disproportionately, such as osteoporotic fractures 
[11]. It was estimated that the probability of women over 
50 years old affected by osteoporotic fracture was almost 
one-third [12]. According to the previous literature, the 
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estrogen levels were positively correlated with bone 
mineral density (BMD) and played a protective role in 
preventing osteoporotic fractures [13]. This correlation 
could be explained by the direct impact of estrogen on 
osteoblast lineage cells, osteocytes and osteoclasts which 
helps maintain equilibrium between bone formation 
and resorption [14]. Therefore, the use of estrogen for 
postmenopausal osteoporosis prevention was approved 
by the US Food and Drug Administration. However, 
it is worth noting that while estrogen has shown posi-
tive effects on BMD, large treatment trials have yet to 
conclusively demonstrated its ability to reduce fracture 
incidence in women with existing osteoporosis [15]. The 
previous studies also suggested that late menarche age 
was related with the reduced BMD risk and consequent 
osteoporosis and osteoporotic fractures [16–18]. Moreo-
ver, the shorter reproductive span and earlier menopause 
were considered as risk factors of osteoporotic fractures 
[19–21].

One of the key strategies for preventing osteoporo-
tic fractures is to accurately identify the individuals 
with high osteoporotic fracture risk. The previous study 
showed that age was one of the most important risk fac-
tors for the development of fragility fractures. Preven-
tion is the key to master their management, including the 
use of drugs against osteoporosis [22]. In terms of treat-
ment, evidence from a Bayesian network meta-analysis 
demonstrated that alendronate, risedronate, zoledronate 
and denosumab were effective in increasing bone density 
in the spine and reducing vertebral fractures in patients 
taking corticosteroids. Alendronate, zoledronate and 
denosumab increased BMD in the hip. Alendronate pro-
duced increased femoral neck and hip BMDs, reduced 
incidence of novel fractures [23]. Another network 
meta-analysis showed that denosumab followed by 
pamidronate and zoledronate was associated with higher 
spine BMD in selected women with postmenopausal 
osteoporosis. Denosumab followed by alendronate and 
ibandronate had the highest influence on hip and femo-
ral BMD. Future studies should evaluate the effects of 
anti-osteoporosis drugs on the overall fracture risk and 
consider other types of osteoporosis [24]. Moreover, the 
present analysis supported the adoption of bone turnover 
(BMTs) during pharmacological therapy setting and ther-
apy monitoring of patients suffering from osteoporosis 
[25, 26]. A Bayesian network meta-analysis of RCTs dem-
onstrated that denosumab resulted in most effective in 
preventing osteoporotic fractures, particularly in reduc-
ing the occurrence of nonvertebral fractures. Romo-
sozumab and ibandronate, on the other hand, provided 
the best evidence for preventing vertebral fractures and 
hip fractures, respectively [27].

Therefore, it is essential to gain a comprehensive 
understanding of fracture predictors in postmenopausal 
women which was essential to effectively plan treatment 
and preventive strategies, but there was still a scarcity 
of relevant review studies. Existing studies exploring 
predictors of osteoporotic fractures in postmenopausal 
women often suffer from limitations, such as small sam-
ple sizes and potential publication bias. To optimizing 
preventive strategies, there is a pressing need for further 
research focused on identifying easily accessible and spe-
cific predictors of fractures in postmenopausal women. 
In our study, we aimed to address these gaps by employ-
ing broader inclusion criteria and comprehensive search 
strategies, allowing for a more thorough exploration of 
the predictors of fractures in postmenopausal women. By 
doing so, we hope to contribute valuable insights that can 
inform and enhance preventive measures in this vulner-
able population.

Methods
Data sources and searches
A prospective protocol was used to comply with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The PROSPERO ID of 
this Systematic Review’s protocol was CRD42022355407. 
We have searched Embase, MEDLINE and Cochrane 
with search terms (postmenopausal AND fracture) AND 
(“risk factor” OR “predictive factor”) in May 2022. Addi-
tionally, the references of the included literatures and 
previous reviews of fractures in postmenopausal women 
were screened. The related articles in the references were 
included.

Inclusion and exclusion criteria
The inclusion criteria were as follows:

	(i)	 Cohort or case–control studies were conducted on 
postmenopausal women with fractures and pub-
lished full-text reports in peer-reviewed journals in 
English;

	(ii)	 Availability of detailed reports on postmenopausal 
women in the study;

	(iii)	 Postmenopausal was defined as the absence of 
menstruation for a minimum of 1 year [28].

Our calculations and analysis were based on the raw 
data provided by the included studies. The articles with-
out clinical information were excluded. Likewise, we also 
excluded experiments on animals, reviews, case reports, 
expert opinions, editorials and correspondence.

Quality assessment and data extraction
The Newcastle–Ottawa Scale (NOS) was used to assess 
three aspects of the included studies: basis of case 
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selection, comparability of the study groups and out-
come assessment [29]. The quality assessment was con-
ducted by two independent reviewers who assigned stars 
based on the prespecified criteria. Bias was determined 
to be low in studies that scored four stars for selection, 
two stars for comparability and three stars for determin-
ing the outcome. On the NOS, studies with at least seven 
stars were considered to be of high quality [30]. A prede-
fined data extraction form was used by two investigators 
to extract data independently and systematically. When 
disagreements could not be resolved through consensus, 
a third senior investigator was referred.

Data analysis
Statistical analyses were conducted in Stata 14.0 and Rev-
Man statistical software. To analyze the raw data, at least 
two studies had to be conducted on the same potential 
predictor. For dichotomous outcomes, odds ratios (ORs) 
and 95% confidence intervals (CIs) were calculated, and 
mean differences (MDs) with 95% CIs were calculated 
for continuous outcomes. In cases where the P value for 
dichotomous outcomes was significant (P < 0.05), the 
sensitivity and specificity of the model were analyzed. 
According to the methods proposed by Luo et al. or Wan 
et al., we converted raw data, such as medians, ranges or 
quartiles, into means and standard deviations (SD) when 
the data means and/or standard deviations were not pro-
vided in the included studies [31, 32]. We combined data 
from cohort studies and case–control studies.

Cochran’s Q statistic and the I2 statistic were used 
to investigate heterogeneity. According to I2 statis-
tics of 25%, 50% or 75%, heterogeneity was classified as 
low, medium or high, respectively [33]. Additionally, 
we examined potential explanations for heterogeneity 
through sensitivity analyses. Moreover, since the frac-
ture sites were different in the included studies (hip, wrist 
and spine), which may affect the analysis results, we con-
ducted the subgroup analyses. When sensitivity analysis 
or subgroup analysis could not identify the source of het-
erogeneity, random-effect models were used instead of 
fixed-effect models. Publication bias was assessed using 
Begg’s and Egger’s tests. P < 0.05 was considered statisti-
cally significant. If there was significant publication bias, 
an estimate from trim-and-fill analysis was reported.

Results
Literature search
Literature search and study selection are shown in Fig. 1. 
A total of 2370 citations were identified, and 19 abstracts 
were selected for detailed evaluation. Nine studies were 
excluded after meticulously reviewing the full texts. 
Finally, 10 studies with 1,287,021 postmenopausal 
women were found eligible for analyses [13, 34–42]. In 

the eligible studies, the sample size ranged from 311 to 
1,272,115. The years of the surveys ranged from 1993 to 
2021.

Study characteristics
A summary of the baseline characteristics of the studies 
is shown in Table 1. A total of 10 studies were included 
(six cohort studies and four case–control studies). Four 
studies provided predictors of hip fractures in post-
menopausal women. One study compared predictors of 
incident vertebral fracture and non-incident vertebral 
fracture. There were five studies with unspecified frac-
tures types. According to NOS assessment, five of the 10 
studies (50%) were found to have medium or high risk of 
bias.

Meta‑analysis
In the 10 articles, mean age of patients ranged from 54.8 
to 77.9 years old, and 14.87% (191,321/1,287,021) of post-
menopausal women developed fracture. With these 10 
articles, we identified a total of 15 potential predictors 
of fracture. Among them, 12 predictors were statistically 
significant (P < 0.05), and nine predictors were highly cor-
related with fracture in postmenopausal women (P < 0.01) 
(Table  2). Statistically significant differences were 
observed in age, BMI, senior high school and above, par-
ity ≥ 3, history of hypertension, history of diabetes mel-
litus, history of alcohol intake, age at menarche ≥ 15, age 
at menopause < 40, age at menopause > 50, estrogen use 
and vitamin D supplements. The forest plots are shown 
in Additional file 1.

Among the 15 predictors of fracture in postmenopausal 
women, four factors were with significant heterogeneity 
(I2 > 50%). As a result, sensitivity analysis was conducted 
for these factors. Two predictors (BMI and history of 
alcohol intake) had an I2 of 0–61% after one low-quality 
article was removed (see Table  2). We divided the four 
predictors with significant heterogeneity into two sub-
groups based on fracture type using subgroup analy-
sis. Subgroup analysis showed that smoking (OR = 1.76, 
95% CI 1.20–2.58) was correlated with fractures in hip 
fractures subgroup (P < 0.05) (Table  2). Moreover, given 
predictor of age could not be found the source of het-
erogeneity by subgroup analysis or sensitivity analysis, 
we used random-effect models instead of fixed-effect 
models for meta-analysis to increase the reliability. There 
was no difference between the results of the two mod-
els. Additionally, there were four predictors which were 
researched in more than 5 articles (Table 2). These pre-
dictors were analyzed for publication bias using Egger’s 
and Begg’s tests. Smoking was found to have publication 
bias (see Table 2). However, the trim-and-fill analysis of 
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this factor showed no significant logarithmic risk ratios, 
which indicated no publication bias.

Discussion
Osteoporosis and osteoporosis-related fractures are 
more prevalent among postmenopausal women com-
pared to premenopausal women or men, primarily due to 
the rapid bone loss accompanied by the decline of ovar-
ian function in the menopausal transition. Our results 
suggested that several factors were associated with osteo-
porotic fractures in postmenopausal women, including 

age, BMI, senior high school and above, parity ≥ 3, his-
tory of hypertension, history of diabetes mellitus, history 
of alcohol intake, age at menarche ≥ 15, age at meno-
pause < 40, age at menopause > 50, estrogen use and vita-
min D supplements.

The decline in estrogen levels following meno-
pause leads to reduced bone deposition, particu-
larly in weight-bearing bones, while also increasing 
bone resorption [43]. Endogenous estrogen exposure 
mainly occurs during the reproductive phase, encom-
passing the time between menarche and menopause. 

Records identified through database
searching
(n = 2367 )

Additional records identified
through other sources

(n = 3 )

Records after duplicates removed
(n = 188 )

Records screened
(n = 380 )

Records excluded
(n = 1802)

(Including unrelated to
topic; review, abstract or
comment; not cohort study
and case control study)

Full-text articles assessed
for eligibility
(n = 19 )

Full-text articles
excluded,with reasons
(n= 9 )
n= 8,no crude patient data
n= 1,without clear define of
post-menopause

Studies included in
qualitative synthesis

(n = 10)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 10 )

Fig. 1  Process of searching for studies and screening
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Menopause age < 40 and menarche age ≥ 15 indicated 
the shorter reproductive period, while the menopause 
age > 50 represented longer reproductive period. The 
shorter the reproductive period, the less exposure to 
estrogen. It could explain that earlier menopause (men-
opause age < 40), later menarche (menarche age ≥ 15) 
and shorter reproductive span were associated with 
higher fracture risk in postmenopausal women. Meno-
pause age > 50 was possibly a protective factor. Moreo-
ver, the endogenous estrogen exposure was negatively 
correlated with the risk of all fracture sites combined, 
as well as hip and vertebral fractures specifically. There-
fore, our study confirmed the association between 
lower lifetime endogenous estrogen exposure and 
increased fracture incidence, which was revealed by the 
previous literature [13].

It has been reported that parous women have a lower 
risk of fractures compared to nulliparous women [13]. 
Pregnancy was closely associated with women’s meta-
bolic changes through great influence on their BMD 
[44]. When mother’s intestinal calcium absorption was 
inadequate to meet calcium demand to support fetal 
skeletal growth during pregnancy, the fetal system 
compensates by obtaining calcium from the mother’s 
skeleton [45–47]. This may increase the long-term frac-
ture risk of the mothers by reducing bone mass. Mean-
while, the socioeconomic condition and lifestyle factors 
during pregnancy may also play a crucial role in the 
fracture risk [48]. On the other side, increased bone 
loading and higher serum estrogen levels during preg-
nancy may protect against maternal bone loss. A meta-
analysis of 10 prospective studies, including 217,295 
participants (26,525 osteoporotic fracture patients), 

demonstrated an inverse dose–response association 
between parity and the risk of osteoporotic fracture 
and hip fracture [44].

The mechanism underlying the association between 
parity and osteoporotic fracture and hip fracture risks 
among postmenopausal women may be explained by 
some potential biological mechanisms. During preg-
nancy, serum estrogen levels rose to about 20–30 times 
levels above their normal menstrual cycles’ peak. Such 
heightened endogenic estrogen exposure during preg-
nancy may reduce the fracture risk. Some nulliparous 
women could be at a greater risk of fracture due to the 
subfertility, which produced less endogenic estrogen 
during their normal menstrual cycle compared to more 
fertile women [49]. The most likely mechanism by which 
parity protected women against hip fracture was through 
increased bone formation rates during pregnancy, result-
ing in the increases in bone mass [50].

Many changes took place in hip and pelvic align-
ment during pregnancy and childbirth to alter hip 
structure permanently, which could, in turn, prevent 
women from future fracture. Moreover, since estrogens 
appeared to improve neuromuscular performance and 
muscle strength, it may also protect against hip fracture 
by reducing injurious falls. As an exogenous hormo-
nal exposure, the previous study also reported that the 
hormone therapy (HT) was independently associated 
with a lower fracture risk in postmenopausal women 
[51]. Benefits of postmenopausal estrogen therapy have 
been proven in reducing the fracture risk, including 
risk of total, vertebral and hip fractures. It is not clearly 
known about  the  mechanisms underlying the associa-
tion between HT and the lower fracture risk so far. It 

Table 1  Baseline characteristics of the studies included in the meta-analysis

Study Year Study design Total number Persons 
with 
fractures

Age at inclusion Nation Fracture site Study 
quality (star 
rating)

ROBERT G CUMMING 1993 Case–control 311 137  ≥ 65 Sydney, Australia Hip fractures ********

Fabio Parazzini 1996 Case–control 796 206 55–74 Milan, Italy Hip fractures ******

Alexandra Papaioan-
nou

2005 Cohort 5143 314 NA Canadian Any type of fracture *******

MARJO TUPPURAINEN 1995 Cohort 3140 157 47–56 Kuopio Province, 
Eastern Finland

NA ******

Dezheng Huo 2003 Case–control 354 118  ≥ 50 Beijing Hip fracture ******

Marjolein van der Klift 2004 Cohort 1624 113  ≥ 55 Rotterdam Vertebral fracture ********

Marjorie R. Jenkins 2008 Case–control 488 190  ≥ 50 Northwest Texas Hip fracture *****

Florence 
A Tre´mollieres

2010 Cohort 2196 145  ≥ 45 Toulouse, France Any type of fracture ********

Jung Eun Yoo 2021 Cohort 1,272,115 189,883  ≥ 40 Korean Any type of fracture ********

Rafaela Martinez 
Copês

2021 Cohort 854 58  ≥ 55 Southern Brazil NA ******
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is hypothesized  that HT improved calcium retention 
through increased renal calcium reabsorption and intes-
tinal calcium absorption [52]. The mechanism was also 
thought to involve the osteoclasts inhibition, leading 
to decreased bone turnover and improved the balance 
between bone resorption and formation [53, 54]. Our 
results  provided  further  support  to  the  hypothesis that 
exogenous female HT may prevent fracture through the 
beneficial effects of estrogen on bone metabolism.

Physical activity has been demonstrated to increase 
BMD and muscle strength, which have the effects of 
improved muscle balance, control and coordination and 
reduced fall risks, especially in the elderly [55]. Active 
rehabilitation may be one of the most critical factors for 

the prevention of future fracture risk due to low BMD, in 
the form of structured exercise [56, 57]. The structured 
exercise program also contributed to improve the quality 
of life in the postmenopausal women with low BMD. Sev-
eral RCT researches have reported the positive effects of 
weight-bearing activities to reduce risks of fall and frac-
ture through increasing BMD in postmenopausal women 
with low BMD by improving muscle strength and physi-
cal function [58–60].

Those people with higher levels of education may not 
have enough time for exercise. This could explain that 
the education level was inversely related to fracture risk 
in postmenopausal women. However, the association 
between education degree and the fracture risk remained 

Table 2  Results of pooled analysis, sensitivity analysis and subgroup analysis performed for the studies included

Predictor Estimates (95% CI) P value 
for overall 
effect

P value for 
heterogeneity

P value 
for Begg’s 
test

P value for 
Egger’s 
test

I2 (%) Sensitivity Specificity

Meta-analysis

Age MD 1.93 (0.61, 3.26) 0.004  < 0.00001 0.710 0.998 97

BMI MD -0.69 (− 1.31, 
− 0.07)

0.03  < 0.00001 0.198 0.387 90 0.43 (0.36, 0.51) 0.59 (0.51, 0.66)

Senior high and above 1.76 (1.34, 2.32)  < 0.0001 0.85 0 0.44 (0.34, 0.54) 0.70 (0.62, 0.76)

Parity ≥ 3 0.74 (0.58, 0.94) 0.01 0.41 0

History of hyperten-
sion

1.20 (1.19, 1.22)  < 0.00001 0.45 0 0.38 (0.33, 0.42) 0.69 (0.61, 0.76)

History of diabetes 
mellitus

1.19 (1.17, 1.20)  < 0.00001 0.65 0 0.07 (0.04, 0.10) 0.93 (0.92, 0.94)

History of alcohol 
intake

0.89 (0.88, 0.90)  < 0.00001 0.0004 87 0.27 (0.15, 0.45) 0.78 (0.63, 0.88)

Smoking 1.16 (0.91, 1.48) 0.23  < 0.0001 1.000 0.005 81

Age at menarche < 12 1.22 (0.91, 1.63) 0.18 0.40 0

Age at menarche ≥ 15 1.34 (1.03, 1.73) 0.03 0.24 30 0.24 (0.20, 0.28) 0.83 (0.81, 0.85)

Age at meno-
pause < 40

1.23 (1.19, 1.28)  < 0.00001 0.18 42 0.17 (0.12, 0.24) 0.86 (0.74, 0.93)

Age at meno-
pause > 50

0.96 (0.95, 0.97)  < 0.00001 0.64 0 0.33 (0.25, 0.42) 0.65 (0.53, 0.75)

Estrogen use 0.53 (0.28, 0.87)  < 0.00001 0.46 0.452 0.199 0 0.18 (0.09, 0.34) 0.71 (0.50, 0.86)

Calcium daily intake 
(mg)

3.61 (− 37.42, 44.64) 0.86 0.29 19

Vitamin D supple-
ments

1.75 (1.35, 2.28)  < 0.0001 0.17 47 0.25 (0.04, 0.72) 0.81 (0.46, 0.96)

Sensitivity analysis

BMI MD -0.29 (− 0.63, 
− 0.06)

0.10 0.02 61

History of alcohol 
intake

0.89 (0.88, 0.91)  < 0.0001 0.47 0

Subgroup analysis

Smoking 1.16 (0.91, 1.48) 0.23  < 0.0001 81

Hip fractures 1.76 (1.20, 2.58) 0.004 0.13 56

Fractures of any loca-
tion

1.01 (0.83, 1.21) 0.095 0.07 54
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controversial. Shaw et  al. found no significant associa-
tions between BMD and education degree in a cross-
sectional study in Taiwan [61]. On the contrary, Ho et al. 
demonstrated that a higher education level was asso-
ciated with improved BMD and a lower osteoporosis 
prevalence among Chinese postmenopausal women [62]. 
The similar conclusion was drawn in a Taiwan population 
[48]. Based on the association between low socioeco-
nomic status and increased incidence of hip fracture, the 
researchers regarded the lower level of education as a risk 
factor of first-incident hip fracture [63]. Colon Emeric 
et  al. [64] observed a positive association between the 
educational level and the hip fracture risk among ambu-
latory non-Hispanic White men, which supported the 
conclusions of our study. Postmenopausal women with a 
low education degree predominated in nearly all groups, 
what may have potentially decreased the multivariate 
analysis power on this variable. The inconsistent conclu-
sions may be attributed to the ethnic, culture difference 
between Eastern and Western countries, as well as to the 
different research  types, sampling  methods  and limited 
sample sizes.

Chen et al. also reported that steroid use and diabetes 
mellitus increased the risk of first-incident hip fracture. 
It was generally acknowledged that common chronic dis-
eases linked with increased risk of falls in the elderly, such 
as diabetes mellitus and hypertension [48]. Type 2 diabe-
tes mellitus (T2DM) was associated with the increased 
fracture risk, which resulted in increased risk of mortal-
ity and disability in women [65]. Similarly, premenopau-
sal women with type 1 diabetes (T1DM) also needed to 
take precautions for osteoporosis [66]. Large cohort stud-
ies have shown that women with diabetes had twice the 
risk of hip fracture compared with those without diabe-
tes after controlling for the confounding effect of areal 
BMD, which was measured by dual-energy X-ray absorp-
tiometry (DXA). The previous study demonstrated that 
elevated homeostasis model assessment of IR (HOMA-
IR) was associated with lower bone strength indices and 
cortical bone volume in nondiabetic postmenopausal 
women, independent of age and body size [67]. Exact 
mechanisms of hyperinsulinemia, possible differences in 
insulin sensitivity and impaired insulin signaling among 
bone cells or other organs were not fully revealed yet. 
Postulated pathophysiological mechanisms included 
increased formation of advanced glycation end-products 
(AGEs) in the bone and impaired bone microvasculature 
[68]. Recent large population-based study revealed that 
sulfonylurea was associated with an adjusted hazard ratio 
(HR) of 1.3 for major osteoporotic fracture events [69]. 
Another study also suggested that higher level of serum 
sex hormone-binding globulin (SHBG) was associated 
with lower BMDs, higher osteopenia/osteoporosis risk 

and future fracture risk calculated by FRAX [70]. It was 
widely accepted that SHBG involved in bone metabolism 
through the anti-estrogenic effect. As a transport pro-
tein, higher SHBG binds to estrogen main sex hormones 
including circulating E2 and T, transporting them toward 
target cells and reducing its biologically active form, 
which consequently reduces BMD and increases future 
fracture risk [71]. Moreover, decreased levels of bone 
quality were associated with an increased risk of frac-
ture in old women with diabetes [72]. In postmenopau-
sal women with type 2 diabetes, some studies on bone 
microstructure have shown that cortical bone density 
decreases obviously, which accounted for 90% of bone 
composition and played a key role in bone weight-bearing 
and anti-traumatic activities [67]. Other contributing fac-
tors consisted of an accumulation of the development of 
diabetes complications (such as hypoglycemia and neu-
ropathy) and advanced glycation end-products, which led 
to further drop of BMD, worsening geometric properties 
within bone and increased risk of fracture and fall [73].

Vitamin D use may indicate a prevention strategy, 
which was associated with an increased risk of any non-
vertebral fracture [38]. It is likely that more individuals 
may take vitamin D if they have a deficiency, leading to 
the association between vitamin D use and increased 
fracture risk. Our analysis also showed that vitamin D use 
is a risk factor of osteoporotic fracture in postmenopau-
sal women. Two important UK studies have not shown 
positive effect of vitamin D and calcium supplementa-
tion on the free-living elderly women’s fracture preven-
tion [74, 75]. This discrepancy in findings highlights the 
complexity of the relationship between vitamin D use 
and fracture risk, and further research is needed to better 
understand this association.

This study has several limitations. First, since it was 
hard to separately analyze the effects of possible inter-
ventional treatments on osteoporotic fracture in post-
menopausal women, the potential effect of interventional 
treatments on the predictive factors remained unknown. 
Larger prospective with a more substantial sample size 
studies is needed to validate and corroborate our results. 
Secondly, some of the identified predictors may act as 
possible covariates, with part of them are independent 
predictors. The current methodology is unable to iden-
tify the independent predictors of osteoporotic fracture 
in postmenopausal women. Thirdly, it is difficult to show 
causality in cohort and case–control studies, and thus, 
the results primarily represent associations rather than 
causal relationships.

In conclusion, our meta-analysis of 10 articles has 
successfully identified the most relevant predictors 
of osteoporotic fracture in postmenopausal women. 
These findings will facilitate the early screening and 
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identification of high-risk individuals, thus enabling 
timely preventive and therapeutic interventions. For bet-
ter evaluation of the risk of osteoporotic fracture in post-
menopausal women, future larger sample prospective 
studies are needed to confirm our major findings.
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