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Abstract
Recently published studies on the association between depression and hip fracture (HF) are inconsistent. Therefore, we per-
formed this meta-analysis with the main aim to clarify the association between depression and HF, and also to identify possible
susceptible groups. Relevant literature published until February 2019 was obtained and screened according to established
inclusion criteria. Two researchers independently processed quality assessment and data extraction prior to the meta-analysis.
Pooled hazard ratios (HRs) with 95%CI (confidence intervals) were calculated. To explore the sources of heterogeneity, subgroup
analyses were performed based on study design, study region, NOS scores, follow-up duration, diagnostic criteria, sex, national
income level, and adjustments (bone mineral density (BMD), antidepressant, calcium intake, and smoking). Ten studies with 13
estimates, involving 375,438 participants and 4576 HFs, were included. It was found that patients with depression had a higher
risk of HF than non-depressed patients (HR = 1.21; 95%CI 1.11–1.31). Sensitivity analysis results show that the association is
relatively stable. The studies that were not adjusted for confounders (e.g., antidepressant, BMD, calcium intake, and smoking)
had higher overall HR compared to the studies that adjusted for the corresponding confounding factors. HFs are more likely to
occur in European and male depression patients. This meta-analysis provided evidence of a modest positive association between
depression and the risk of HFs, and the association is stronger in European and male patients. Implementation of practical
measures to prevent and treat depression is of great public health significance.
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Introduction

Hip fractures (HFs) are not only high in incidence but also
associated with higher medical costs, poor functional recov-
ery, high post-fracture mortality rate, and heavy social and
economic burdens [1]. In addition, the worldwide popula-
tion aging leads to a dramatic increase in the incidence of
HFs in the past years [2]. Gullberg et al. anticipated a 3.5-
fold increase in the incidence of HF by the year 2050 [3].
Reports of acute mortality rate and 1-year mortality rate
were 5% and 15–25%, respectively [4]. Twenty percent of
HF patients result in permanent disability and need long-
term skilled nursing care [4].

Similarly, depression is a chronic, prevalent condition, and
is a leading cause of disability, affecting at least 120 million
people worldwide [5] and 18% of men and 26% of women in
the USA [6]. The risk of HFs is reportedly high in elderly
patients with neurological diseases, including Alzheimer’s
disease, Parkinson’s disease, and stroke [7–10] and previous
meta-analyses showed that people with depression are indeed
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more susceptible to all types of fractures [11–13], but no stud-
ies aimed specifically at the association between depression
and HFs.

Recently, emerging studies [14–24] on the association be-
tween depression and HFs have been published, but with an
inconsistent result. Due to the high disease burden of HF, if
confirmed in future studies, the association between depres-
sion and HFs may open new avenues for HF prevention.
Therefore, we set out to conduct the first formal meta-
analysis to investigate the relationship between depression
and HFs, to quantify the size of the effects, and to identify
the vulnerable populations for prevention.

Methods and materials

Search strategy

Relevant studies were identified via a systematic search of the
PubMed, Cochrane Library, Web of Science, CBM (Chinese
Biomedical Database), CNKI (Chinese National Knowledge
Infrastructure), VIP (Chinese) Database, and Wanfang
(Chinese) through February 10, 2019. A systematic search
string of relevant terms was developed as follows: (depression
OR depressive disorders OR depression symptoms) and (hip
fracture OR HF OR hip injuries OR hip fractures OR frac-
tures). We supplemented the computerized search by a manual
search of the bibliographies of all retrieved articles for studies
that not captured by electronic database searching. The search
was limited to human studies and either English or Chinese
language studies.

Selection criteria

Reviewers T Shi and M Min independently did the study
selection and eligibility assessment, and studies were included
when they met all of the following inclusion criteria: (1) fo-
cused on the association between depression and HFs, the
term Bdepression^ refers to clinical depression, depressive
disorders, or depressive symptoms. Eligible exposures were
unipolar depression, depressive disorders, or depressive
symptoms confirmed by either clinical diagnosis or by a stan-
dardized psychometric tool. Bipolar depressive disorder and
bipolar depression were not eligible; all HF cases must be
diagnosed by the medical institution or verified by medical
records and in accordance with International Classification
of Diseases (ICD-9-CM, 820.0–820.9; ICD-10-CA, S720–
722); (2) was an observational study (a cohort study or a
case-control study); (3) was published in English or
Chinese; (4) hazard ratio (HR) or risk ratios (RR) or odds
ratios (OR) and corresponding 95%CI (confidence intervals)
could be extracted directly (or allow recalculation). Studies
were excluded if they only examined broader fractures but

did not specifically consider HF, were reviews or commentar-
ies, were animal based, or were intervention studies.

Data extraction and quality assessment

The following study characteristics were extracted: author(s),
year of publication, study design, study population, distribu-
tion by age and sex, important factors such as duration of
follow-up, cohort size, assessment of depression, assessment
of HF, depression criterion, confounders that were adjusted by
multivariate analysis, HR or RR or OR, and the corresponding
95%CI. Newcastle-Ottawa scale (NOS) was applied to assess
the quality of the methodology in the original studies. The
score ranged from 0 to 9, where a score of 9 indicates the
strongest regarding methodology and scores of 0–3, 4–6,
and 7–9 were rated as low, moderate, and high quality,
respectively.

Two investigators (T Shi and M Min) independently con-
ducted appraisal and data abstraction using a standard protocol
and extraction form. Disagreement and uncertainty were
discussed and adjudicated by a third reviewer (Y Zhang).

Statistical analysis

When original studies presented multiple adjusted estimates
for the same outcome, the estimates that had been adjusted for
the largest number of confounders was used. And for the con-
cern of normalization and variance stabilization, natural loga-
rithms of HR/RR/OR and their 95%CIs were used in the anal-
ysis instead of using HR/RR/OR directly. Heterogeneity
among included studies was investigated using the I2 statistics
and Q test, and low statistical heterogeneity was defined as
I2 ≤ 50% and P > 0.1, respectively. The existence of signifi-
cant heterogeneity necessitated the use of a random-effects
model; otherwise, a fixed-effects model was used [25]. To
explore the sources of heterogeneity, subgroup analyses were
performed according to study design, study region, NOS
scores, follow-up duration, diagnostic criteria, sex, national
income level, and adjustments (bone mineral density
(BMD), antidepressant, calcium intake, and smoking). We
identified the national income levels according to the World
Bank classification of low-, middle-, and high-national in-
come levels [26]. To weigh the influence of each eligible study
on the pooled estimate and to assess the robustness of results
from our meta-analysis, a sensitivity analysis was performed
by omitting one study at each turn. Funnel plot asymmetry,
Begg’s test [27], and Egger regression tests [28] were all used
to explore the publication bias. All statistical analyses were
implemented in Stata version 14.0 (Stata, version 14; Stata
Corp, College Station, TX, USA). The difference was consid-
ered statistically significant when P < 0.05.
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Results

Study selection and characteristics of eligible studies

The search was performed until February 2019. After initial
systematical search and supplementary search, a total of 3746
individual publications were identified. After the removal of
duplication and screening of titles, abstracts, and full-text, 11
(10 cohort studies and 1 case-control studies) [14–24] of them
remained (Fig. 1). Characteristics of eligible studies on the
association between depression and HFs were summarized
in Table 1. There is only one case-control study, which is of
a retrospective design, coupled with the consideration of the
bidirectional relationship between depression and HFs [29];

thus, the only case-control study [24] was removed from our
final meta-analysis.

Finally, 10 individual cohort studies (7 prospective cohort
studies and 3 retrospective cohort study) with 13 effect esti-
mates published from 1999 to 2018 were included. Of these, a
total of 375,438 participants and 4576 HF events were inves-
tigated. Cheng et al. and Mussolion et al. reported effect esti-
mates for the association between major depressive disorder-
HF and less severe depressive disorder-HF, respectively [18,
21], Lobo et al. reported effect estimates for females and
males, respectively [21], and were all incorporated separately
in our analyses. For the geographical location, three in Taiwan
of China, three in the USA, and one each in the UK, Norway,
Canada, and Spain. The follow-up duration ranged from

Fig. 1 Flow diagram of the study
search and selection process
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3 years to 22 years (4 with a follow-up period of < 10 years
and 6 with a follow-up period of ≧ 10 years). All included
studies were classified either as moderate (n = 1) or as high
quality (n = 9). The details were listed in Table 1.

Results of the meta-analysis

Overall estimates

The overall pooled results were presented in Fig. 2. The het-
erogeneity test I2 was 44.7, which meant low heterogeneity
across included studies and thus the fixed-effect model was
adopted. The meta-analysis result from fixed-effect model in-
dicated a 21% (95%CI 1.11–1.31) increase in the risk of hip
fracture incidence (HFi) in individuals suffered from depres-
sion compared to those without depression.

Subgroup analyses

A number of pre-specified subgroup analyses were per-
formed, including study design, study region, NOS scores,
follow-up duration, diagnostic criteria, sex, national income
level, and adjustments (BMD, antidepressant, calcium intake,
and smoking) (Table 2). However, because all included stud-
ies were conducted in high-income regions and except for one
study that is of medium quality, the rest are high-quality stud-
ies, corresponding analyses were not achieved. In the sub-
group analysis of study design, we found a significant

association between depression and HFs incidence both in
prospective studies (HR = 1.15, 95%CI 1.02–1.29) and retro-
spective studies (HR = 1.27, 95%CI 1.13–1.43). Male depres-
sion patients (HR = 1.41, 95%CI 1.18–1.69) were more vul-
nerable to HFs than female patients (HR = 1.30, 95%CI 1.09–
1.56). In terms of follow-up duration, studies that followed
study participants for ≧ 10-year indicated a significant impact
of depression on the risk of HFs (HR = 1.23, 95%CI 1.12–
1.35); in the studies with a follow-up period of < 10 years,
the association was not statistically significant (HR = 1.12,
95%CI 0.94–1.34). In subgroup analyses based on the study
region, the association was stronger in individuals from
European countries than those from North America and
Asia. For diagnostic criteria, despite the different diagnostic
criteria used in the included studies, the results of the two
groups using the International Classification of Diseases
(ICD) and other standardized tools all showed a significant
positive relation between depression and HFs (ICD: HR =
1.22, 95%CI 1.10–1.34; other standardized tools: HR = 1.20,
95%CI 1.04–1.38). For subgroup analyses of adjustments, the
estimated risk was higher in the studies without adjustments
for antidepressant using or for smoking or for calcium intake
or for BMD.

Sensitivity analyses and publication bias

There was no substantial change in the sensitivity analysis
results, which proved that the association between depression

Fig. 2 Forest of the association
between depression and hip
fracture
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and HFs was relatively stable. Results were shown in Table 3.
Publication bias was suspected by observing the funnel plots
and Egger’s test (P = 0.018), but the Begg rank correlation test
showed that the publication bias was not significant (P =
0.200).

Discussion

To the best of our knowledge, this study was the first system-
atic review and meta-analysis aimed specifically at the asso-
ciation between depression and HFs. Our results establish that
the risk of HF is increased among adults with depression
(HR = 1.21; 95%CI 1.11–1.31) especially male patients. The
increased risk associated with depression remained consistent
and statistically significant in all sensitivity analyses (Table 3),
such consistent findings suggest our results are robust and

consistent. Subgroup analyses showed that the studies without
adjustments for antidepressant using or for smoking or for
calcium intake or for BMD had higher overall HR compared
to the studies that adjusted for corresponding confounders.
The association was stronger in individuals from European
countries than those from North America and Asia. This
means the results of our research should be cautiously gener-
alized and more studies adjusted for the potential confounders
are recommended to explore this topic in more detail.

The underlying mechanism of how depression contributes
to HFs has not been fully elucidated. Among the hypotheses
that attempt to explain the role of depression in hip fracture
incidence (HFi), two have captured special attention in the
past few years (decreased BMD and a higher propensity to
fall). For the first hypothesis, the potential mechanisms are as
follows. First, depression may alter concentrations of many
hormones that affect bone formation and/or bone resorption.

Table 2 Subgroup analysis of the
association between depression
and hip fractures

Subgroups Number of studies Heterogeneity Meta-analysis

I2 (%) P HR (95%CI) P

Study region

North America 5 29.0 0.228 1.038 (0.908–1.186) 0.587

Europe 4 0.0 0.793 1.556 (1.234–1.963) 0.000

Asia 4 36.6 0.193 1.272 (1.133–1.429) 0.000

Study design

Prospective 9 48.2 0.051 1.148 (1.022–1.289) 0.020

Retrospective 4 36.6 0.193 1.272 (1.133–1.429) 0.000

Sex

Females 7 59.2 0.023 1.299 (1.086–1.555) 0.004

Males 4 0.0 0.800 1.411 (1.175–1.694) 0.004

Follow-up duration

≧ 10 9 24.3 0.228 1.232 (1.123–1.352) 0.000

< 10 4 70.9 0.016 1.123 (0.940–1.343) 0.201

Diagnostic criteria

ICD 5 43.7 0.13 1.215 (1.099–1.344) 0.000

Standardized tools 8 51.9 0.042 1.195 (1.037–1.377) 0.014

Adjusted for BMD

Yes 2 78.1 0.033 1.050 (0.876–1.257) 0.597

No 11 29.5 0.165 1.254 (1.143–1.375) 0.000

Adjusted for antidepressant

Yes 5 72.3 0.006 1.123 (1.006–1.254) 0.039

No 8 0.0 0.839 1.324 (1.170–1.497) 0.000

Adjusted for smoking

Yes 7 58.8 0.024 1.194 (1.027–1.387) 0.021

No 6 29.7 0.212 1.215 (1.101–1.340) 0.000

Adjusted for calcium intake

Yes 1 NA NA 1.200 (0.779–1.849) 0.409

No 12 49.3 0.027 1.209 (1.112–1.314) 0.000

Abbreviations: HR, hazard ration; CI, confidence interval; ICD, International Classification of Diseases; BMD,
bone mineral density; NA, not available
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Depression resulted in hypercortisolemia [30] via the deregu-
lation of the hypothalamic-pituitary-adrenocortical axis (HPA)
[31], and depression also leads to decreased levels of key
regulators of bone formation such as estrogen and growth
hormone/insulin growth factor [32, 33], all these hormone
changes can cause decreased bone formation and increased
bone resorption [33]. Second, depression can also lead to
chronic low-grade inflammatory response [34, 35]; it reported
that levels of inflammatory cytokines such as interleukin-1β,
interleukin-2, and interleukin-6 are elevated in depression, and
elevated levels of these pro-inflammatory markers are linked
to decreased BMD [30]. Third, many depression-related poor
health behaviors (e.g., smoking, increased alcohol drinking,
and decreased physical activity) have been found to impact
bonemetabolism [36]. Fourth, depression was associated with
other major comorbidities, such as hypertension [37, 38] and
diabetes [39]; these comorbidities were considered as risk fac-
tors for fracture [40, 41]. In addition, studies showed that
antidepressants may have direct effects on bone metabolism
and decreased bone strength [42, 43], thereby increasing the
risk for fracture [44]. For the other hypothesis, the potential
mechanisms are as follows. First, depression causes neuro-
pathological damage in certain areas of the brain, affecting
the balance, judgment, gait, and coordination of the patient,
leading to an increased risk of falls [45–47]. In addition, de-
pressed people are difficult to adapt to the environment and
are unlikely to take the necessary safety precautions, which
resulted in a higher fall risk [48].

As the first comprehensive analysis of the relationship be-
tween depression and HFs, this study has some advantages.

First, this is the first comprehensive analysis of the relation-
ship between depression and HFs. Second, only cohort studies
which can minimize the selection and recall bias were includ-
ed in our meta-analysis. Third, subgroup analyses were per-
formed in order to explore the source of heterogeneity and
discover susceptible populations. Relevant findings can be
utilized for guiding effective prevention measures, lead to im-
proved HF risk management and the development of appro-
priately targeted interventions. We have to admit that there are
also notable limitations in the present study. First, heteroge-
neous assessment methods for depression in original reports
may add to the multiple conceptual problems concerned with
the definition of depression. Second, our pooled HR may un-
derestimate the true risk because all the studies included in this
meta-analysis were carried out in high-income countries.
However, studies have reported that HF risk may be higher
in poor areas [49]. Third, some original reports included in this
meta-analysis lacked data on medication use and depression
severity. The impact of medications and depression severity
on the observed association between depression and risk of
fracture and bone loss needs further investigation. Also, we
were not able to conduct subgroup analysis on confounders
(e.g., ethnicity, alcohol intake, and comorbidities) because the
corresponding information was not provided in most original
reports. Finally, our findings should be treated with caution
because of limited numbers of included studies and potential
publication bias.

Conclusion

In conclusion, our meta-analysis of cohort studies further con-
firmed that depression was significantly associated with an
increased risk of HF. Because the current prevalence of de-
pression and HFs is high worldwide, and the prevalence is
anticipated to increase in the coming decades, the observed
association between depression and HFs has important impli-
cations for public health globally. Thus, our research provided
the basis for orthopedic psychological intervention, and strat-
egies for reducing the risk of HFs should be established for
patients with depression. Taking practical measures to prevent
and treat depression will help reduce the risk of HFs. More
studies conducted in various settings (different national in-
come level, socioeconomic, and demographic features) with
standardized assessment methods for depression, well-
designed confounder adjustment, and subgroup analyses are
needed to further confirm the association.
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Table 3 Sensitivity analysis of the association between depression and
hip fractures

Study omitted Heterogeneity Meta-analysis

I2 (%) P HR (95%CI) P

Cheng (2016)a 38.8 0.082 1.181 (1.085–1.286) 0.000

Cheng (2016)b 46.6 0.038 1.234 (1.127–1.351) 0.000

Yeh (2018) 48.7 0.029 1.200 (1.100–1.308) 0.000

Whooley (1999) 49.3 0.027 1.209 (1.112–1.314) 0.000

Mussolion (2005)a 45.3 0.044 1.199 (1.103–1.302) 0.000

Mussolion (2005)b 47.3 0.035 1.218 (1.120–1.325) 0.000

Ojo (2007) 42.7 0.035 1.199 (1.102–1.303) 0.000

Spangler (2008) 22.7 0.221 1.258 (1.153–1.372) 0.000

Forsen (1999) 39.3 0.079 1.193 (1.097–1.296) 0.000

Pan (2018) 46.7 0.037 1.187 (1.086–1.297) 0.000

Bolton (2017) 44.3 0.049 1.241 (1.134–1.357) 0.000

Lobo (2017)a 46.7 0.037 1.196 (1.099–1.301) 0.000

Lobo (2017)b 48.6 0.029 1.206 (1.111–1.310) 0.000

Abbreviations: HR, hazard ration; CI, confidence interval
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