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Purpose: We aimed to conduct a meta-analysis of published cohort studies to evaluate the risk 

of hip fracture in patients undergoing dialysis or kidney transplantation (KT).

Methods: We identified relevant studies by searching PubMed, EMBASE and Google Scholar 

databases from their inception to December 31, 2017. Cohort studies evaluating risk of hip 

fractures in patients undergoing dialysis or KT were considered included. The methodological 

quality of the cohort studies was assessed using the modified Newcastle-Ottawa scale.

Results: In our meta-analysis of 14 retrospective cohort studies, a total of more than 1.5 million 

patients undergoing dialysis or KT were included, of whom more than 30,000 had hip fractures. 

After the merger, the proportion of hip fractures was 1.92% (95% CI, 1.38%−2.46%) with signifi-

cant heterogeneity (I2=99.9%, P=0.000) in all patients, and the incidence rate of hip fractures (per 

1,000 person-years) was 8.95 (95% CI, 4.05–13.85) with significant heterogeneity (I2=99.9%, 

P=0.000). The pooled relative risks (RR) value for dialysis patients compared with the general 

population were 6.35 (95% CI, 4.53–8.88) for male and 5.57 (95% CI, 4.44–6.99) for female. 

The pooled RR value for hemodialysis (HD) patients compared with peritoneal dialysis (PD) 

patients was 1.39 (95% CI, 1.13–1.70) with no heterogeneity (I2=0.0%, P=0.763).

Conclusion: In conclusion, the present meta-analysis reveals that about 2% of dialysis or KT 

patients go on to sustain a hip fracture during follow-up, with the overall hip fracture incidence 

rates being 8.95 per 1,000 person-years. The overall risk of hip fracture was more than 5-fold 

higher in dialysis patients than in the general population. Among patients on PD, HD, and KT, 

HD and KT patients had the highest and the lowest risk of hip fractures, respectively.

Keywords: risk, hip fracture, dialysis or kidney transplant, meta-analysis

Introduction
Hip fracture is a major concern among the general population. Such factures result in 

extensive morbidity and mortality, and they impose a severe economic burden.1,2 One 

study has predicted that the number of hip fractures in the world will increase from 

1.66 million in 1990 to 6.26 million by 2050.3

Recently, some studies have shown that patients undergoing dialysis or kid-

ney transplant (KT) have a higher risk of hip fracture as compared to the general 

population.4–6 The incidence of hip fracture in dialysis or KT patients is between 1.9 

and 29.3 events per 1,000 person-years.4–16 A population-based cohort study has found 

that the total mortality rate in dialysis patients with hip fractures is more than twice that 

of dialysis patients without such fractures.8 Dialysis patients with hip fractures have 

been shown to have a standardized mortality rate 2.4 times greater than that of those 

in the general population with hip fractures.5 Therefore, greater attention is needed 

when treating patients undergoing dialysis or KT, such as the use of osteoporosis 
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drugs or other formulated measures aimed at reducing the 

risk of hip fracture in these at-risk individuals.

However, some studies have reported inconsistent find-

ings with regard to the risk of hip fracture in patients with 

dialysis or KT. To address such inconsistencies, we there-

fore performed a meta-analysis using data from cohort 

studies to assess the risk of hip fracture in dialysis or KT 

patients.

Materials and methods
search strategy
The present meta-analysis was conducted based on the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) statement.17 Two reviewers (JT 

and YL) independently searched PubMed, EMBASE, and 

Google Scholar from their inception to December 31, 2017 

using a combination of Medical Subject Heading (MeSH), 

free terms, and relevant keywords. The PubMed search 

strategy was as follows: (Transplantation [MeSH] OR 

“Kidney Transplantation” [MeSH] OR “Transplantation, 

Heterotopic” [MeSH] OR “Renal Dialysis” [MeSH]) AND 

(“Hip Fractures” [MeSH]). And the search strategy for free 

terms was as follows: (Transplantation OR Transplantations 

OR Transplant OR Transplants OR Dialysis OR Dialyses) 

AND (Hip OR Hips) AND (Fractures OR Fracture). The 

reference lists of all the selected articles were hand searched 

for further studies.

selection criteria
The inclusion criteria for this meta-analysis were as follows: 

1) studies were cohort (both prospective and retrospective) 

studies; 2) hip fractures were the fracture type; 3) inci-

dence of hip fracture in patients undergoing dialysis or KT 

was reported; 4) data were not repeated in other articles. 

If studies did not meet these criteria, they were excluded. 

The selection of studies was conducted independently by 

two reviewers. Inconsistencies in selection were resolved 

by a third reviewer.

Data extraction
Two reviewers (JT and YL) independently read the selected 

studies and extracted the appropriate data. The data extracted 

included first author’s name, study year, country or region, 

study period, number of dialysis or KT patients, type of 

patients (HD, PD, and KT), patients’ age, proportion of 

males, follow-up durations, follow-up (person-years), 

number of hip fractures, proportion of hip fractures (%), and 

incident rate of hip fractures (per 1,000 person-years).

Quality assessment
The methodological quality of included cohort studies was 

assessed using the modified Newcastle-Ottawa scale, which 

consists of three factors: patient selection, comparability 

of the study groups, and assessment of outcome.18 A score 

of 0–9 (given as stars) was allocated to each study. Studies 

scoring 0–3, 4–6, and 7–9 were considered low-, medium-, 

and high-quality studies, respectively.

statistical analysis
The incidence rate of hip fracture (per 1,000 person-years) 

in patients undergoing dialysis or KT were extracted from 

the original data, and the proportions of hip fracture (%) 

were the result of dividing the total number of hip fractures 

by the total number of patients undergoing dialysis or KT. 

To evaluate the relative risk (RR) and corresponding 95% 

CI of hip fracture among those on dialysis as compared to 

the general population and in HD as compared to PD, we 

combined the adjusted RRs and 95% CIs reported in the 

original studies. A sensitivity analysis was also carried out to 

eliminate each study, one at a time, from the meta-analysis. 

Results from a random-effects model were reported in the 

present meta-analysis. A heterogeneity assessment between 

the included studies was based on I2 statistics. The I2 val-

ues were 25%, 50% and 75% respectively, indicating low, 

medium and high degree of heterogeneity. The Begg’s test 

and Egger’s test were used to assess the publication bias. All 

statistical analyses were conducted using STATA version 

11.0. P-values were two-sided, and P,0.05 was defined as 

being statistically significant.

Results
search results
The specific literature selection steps employed in this study 

are shown in Figure 1. From the three reviewed databases 

(PubMed, EMBASE, and Google Scholar) and other sources, 

a total of 2,534 studies were retrieved. After removing 

duplicates, a total of 752 studies remained. Then 595 studies 

were excluded after reviewing titles and abstracts. After a 

full text review of the remaining 157 studies, 143 articles 

were excluded, including 24 reviews, 26 case studies, and 

58 studies that did not have specific data on hip fractures, 

and 35 studies that lacked available data. Finally, a total of 

14 retrospective cohort studies4–7,9–14,19–22 were included in 

the present meta-analysis.

study characteristics and quality
The characteristics of the 14 included studies are shown in 

Table 1. In this meta-analysis, a total of more than 1.5 million 
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Figure 1 The steps of the literature selection.

patients undergoing dialysis or KT were included, of whom 

more than 30,000 had hip fractures. Among these 14 retro-

spective cohort studies, the year of publication ranged from 

20004,5,19 to 2016.22 Eight studies were conducted in the 

United States,4,5,7,9–11,19,20 two in Japan,6,14 two in Taiwan,12,13 

one in Canada22 and one in England.21 The age of dialysis 

or KT patients ranged from 477 to 7611 years, and sample 

sizes ranged from 1,2725 to 409,04011 patients, and average 

follow-up durations were between 16,10,14 and 1022 years. The 

proportions of hip fracture in dialysis or KT patients ranged 

from 0.84%12,19 to 4.40%,5 and the incidence rate was 1.5421 to 

16.6 per 1,000 person-years.10 Twelve studies4–6,9–14,20–22 were 

considered to be of high methodologic quality, and only two 

studies7,19 were of moderate quality (Table 1).

Proportions and incidence rate of hip 
fractures in patients undergoing dialysis 
or KT
Of the 14 included studies, seven studies6,9,10,12–14,19 included a 

total of 645,418 patients on HD, of whom 10,791 had hip frac-

tures; four studies4,12,13,19 included a total of 334,720 patients 

on PD, of whom 6,642 had hip fractures; three studies5,7,11 

included 451,407 HD and PD patients of whom 22,559 had 

hip fractures, and five studies7,19–22 included a total of 154,316 

KT patients, of whom 1,362 had hip fractures. After pooling 

these data, the overall incidence of hip fractures (Figure 2) 

was 2.28% (95% CI, 1.63%−2.93%) with significant hetero-

geneity (I2=99.8%, P=0.000) in HD patients, 1.46% (95% 

CI, 0.70%−2.23%) with significant heterogeneity (I2=96.1%, 

P=0.000) in PD patients, 3.25% (95% CI, 0.56%−5.94%) 

with significant heterogeneity (I2=99.9%, P=0.000) in PD and 

HD patients, 0.89% (95% CI, 0.78%−1.00%) with moder-

ate heterogeneity (I2=69.4%, P=0.011) in KT patients, and 

1.92% (95% CI, 1.38%−2.46%) with significant heterogene-

ity (I2=99.9%, P=0.000) in all patients. The incidence rate of 

hip fractures (per 1,000 person-years, Figure 3) was 11.70 

(95% CI, 9.44%−13.96%) with significant heterogeneity 

(I2=91.5%, P=0.000) in HD patients, 7.60 (95% CI, 3.54–

11.65) with significant heterogeneity (I2=54.3%, P=0.087) 

in PD patients, 15.40 (95% CI, -5.66–36.46) with significant 

heterogeneity (I2=99.8%, P=0.000) in PD and HD patients, 

2.98 (95% CI, 2.08–3.88) with no heterogeneity (I2=0.0%, 

P=0.420) in KT patients, and 8.95 (95% CI, 4.05–13.85) 

with significant heterogeneity (I2=99.9%, P=0.000) in all 

patients. The individual removal of specific studies one at a 

time did not significantly alter the overall results. No evidence 

of publication bias was found when evaluated using Begg’s 

test (P=0.26), or Egger’s test (P=0.15).

RR of hip fracture in patients on dialysis 
relative to the general population
The RR of hip fracture in patients on dialysis is greater 

than that of the general population. Three of the included 

studies4,5,16 reported this comparison. The pooled RR value 

was 6.35 (95% CI, 4.53–8.88) for males and 5.57 (95% CI, 

4.44–6.99) for females (Figure 4).

RR of hip fractures in hD patients 
relative to PD patients
Three of the included studies12,13,19 reported the RR value 

for HD patients compared with PD patients. The pooled RR 

value was 1.39 (95% CI, 1.13–1.70) with no heterogeneity 

(I2=0.0%, P=0.763) (Figure 5).

Discussion
The present meta-analysis of 14 retrospective cohort studies 

including a total of more than 1.5 million patients undergoing 

dialysis or KT and more than 30,000 hip fracture patients 

reveals that about 2% of dialysis or KT patients had sus-

tained a hip fracture during follow-up, with the overall hip 

fracture incidence rates being 8.95 per 1,000 person-years. 
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Figure 2 Proportions (%) of hip fracture in patients on dialysis or KT.
Note: Weights are from random effects analysis.
Abbreviations: hD, hemodialysis; KT, kidney transplantation; PD, peritoneal dialysis.

The overall RR of hip fracture was more than 5-fold higher in 

dialysis patients than in the general population. Furthermore, 

the RR of hip fracture was higher in patients on HD, who had 

a 1.39-fold increase in their risk of suffering a hip fracture 

as compared to patients on PD.

The high incidence of hip fracture in patients on dialy-

sis or KT has the potential to substantially impact patient 

health and standards of living. Dialysis patients with hip 

fractures had a 2.4-fold greater standardized mortality rate 

than those in the general population with hip fractures.5 The 

mechanisms governing this high risk of hip fracture among 

patients undergoing dialysis or KT are not well understood, 

and are likely related to multiple comorbidities in such 

patients, including secondary hyperparathyroidism, abnormal 

vitamin D metabolism, hypogonadism, chronic acidosis, and 

related disorders.23,24 A major driver of this elevated fracture 

rate is likely the lower bone mineral density (BMD) in these 

patients.25 Low BMD is itself an independent risk factor 

for hip fracture in the general population26 and has been 

associated with fractures in patients undergoing dialysis27 

and KT.28

Among patients undergoing PD, HD, and KT, those 

undergoing HD and KT had the highest and the lowest risk 

of hip fractures in our meta-analysis, respectively. Different 

dialysis methods are associated with different risk rates for 

hip fracture. The risk of hip fracture in patients on HD was 

1.39-fold higher than that in patients on PD in our meta-

analysis. One possible explanation for this finding may be 

that patients on PD were on average younger than those on 

HD, whereas patients on HD had a higher incidence rate of 

diabetes than did those patients on PD.29 Although we found 

no data directly comparing the incidence of hip fractures 
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Figure 3 incidence rate of hip fracture (per 1,000 person-years) in patients on dialysis or KT.
Note: Weights are from random effects analysis.
Abbreviations: hD, hemodialysis; KT, kidney transplantation; PD, peritoneal dialysis.

between patients undergoing dialysis and KT, data from this 

meta-analysis (Figures 1 and 2) indicate that the proportions 

and incidence rate of hip fractures in patients on KT were sig-

nificantly lower than those of patients on dialysis. Certainly, 

further research will be needed to fully validate this finding. 

Based on these results, however, greater attention should be 

paid to dialysis patients, especially those on HD, by offering 

them osteoporosis therapy, improved health education, fall 

prevention strategies, and other techniques aimed at reducing 

their risk of hip fracture.

This meta-analysis does have several limitations. For 

one, the 14 studies included in this meta-analysis were all 

retrospective cohort studies based on historical data. Unlike 

prospective cohort studies, the quality of these retrospec-

tive cohort studies was not controlled by the researchers, so 

if there were other confounding factors then the reliability 

and integrity of the study was likely to be low, affecting the 

quality and reliability of our meta-analysis. However, all 

meta-analyses are limited by such constraints on the quality 

and quantity of published studies, and they remain the best 

approach to resolving such problems at present, serving as 

a basis for decision making by clinicians and patients. Sec-

ondly, the present meta-analysis revealed high heterogeneity 

between studies, which was not explained by any one of the 

included studies and which may reduce the overall reliability 

of this study. This high heterogeneity may be associated with 

differences in age, gender, sample size, or follow-up time 

between the included studies. Caution is therefore required 

in the interpretation of our conclusions. Thirdly, the current 

meta-analysis lacks a pre-registered review protocol and there 

may be small biases, but we strictly follow the systematic 

evaluation process (PRISMA). Finally, we were not able to 
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Figure 4 RR of hip fracture in patients on dialysis compared to the general population.
Note: Weights are from random effects analysis.
Abbreviation: RR, relative risk.

Figure 5 RR of hip fractures in patients on hD compared to those on PD.
Note: Weights are from random effects analysis.
Abbreviations: hD, hemodialysis; PD, peritoneal dialysis; RR, relative risk.

include any unpublished data in this analysis, and so we may 

have overlooked some research that is eligible for publication. 

However, the problem is unlikely to be significant because the 

Egger and Begg’s tests indicated that there was no publication 

bias in the current meta-analysis. Although our meta-analysis 

is subject to these limitations, it also has certain advantages. 

For one, this is a comprehensive literature review, and it is 

the first to our knowledge to analyze the risk of hip fracture 
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after dialysis or KT. In addition, in the present meta-analysis, 

many cohort studies included a large number of dialysis or 

KT patients and had long-term follow-up durations, greatly 

enhancing the statistical power of the combined results.

Conclusion
The present meta-analysis showed that about 2% of dialy-

sis or KT patients go on to sustain a hip fracture during 

follow-up, with the overall hip fracture incidence rates being 

8.95 per 1,000 person-years. The overall risk of hip fracture 

was more than 5-fold higher in dialysis patients than in the 

general population. Among patients on PD, HD, and KT, 

HD patients and KT patients had the highest and the lowest 

risk of hip fractures, respectively.
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