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Background: The burden of chronic kidney disease (CKD) is a growing concern worldwide. 

The prevalence of hemodialysis in Taiwan is the highest in the world, and this may increase 

the prevalence of orthopedic fractures. The aim of this study was to explore the incidences of 

various orthopedic injuries and the related risk factors.

Methods: A nationwide prospective study based on the Taiwan National Health Insurance 

dataset was conducted during 2004–2008. A total of 82,491 CKD patients were selected as the 

fixed cohort population. The International Classification of Diseases 9-CM diagnosis codes and 

treatment codes were identified as the inclusion criteria for orthopedic injury.

Results: A total of 82,491 Taiwanese people with CKD were identified in 2004, and 

4915 orthopedic injuries occurred during the 5-year follow-up period. The cumulative incidences 

of orthopedic injuries were 42.56‰ for lower limb fractures, and 12.93‰, 3.27‰, and 1.64‰ 

for upper limb fractures, vertebrae fractures, and joint dislocations, respectively. All three types 

of orthopedic fractures were more common in the oldest age stratum ($65 years old). In the 

CKD patients, the risk ratio of osteoporosis was 3.47 (95% confidence interval, 3.10–3.89) 

for all orthopedic injuries. Patients of advanced age, the female gender, and those with high 

comorbidity were also at significant risk of sustaining orthopedic fractures.

Conclusion: The results from this Taiwanese CKD cohort support the strong influence of aging 

and osteoporosis on all kinds of orthopedic injuries. The postponing of osteoporosis may need 

to be taken into consideration for the prevention of orthopedic injury among CKD patients 

undergoing hemodialysis.

Keywords: chronic kidney disease, renal osteodystrophy, hemodialysis, orthopedic injuries

Introduction
The burden of chronic kidney disease (CKD) and end-stage renal disease (ESRD) are 

of increasing concern in the aging society worldwide.1,2 In the last decade, the inci-

dence of ESRD in Taiwan increased rapidly and reached the highest in the world. The 

prevalence of hemodialysis in Taiwan is currently one of the highest of all countries.3 

CKD patients undergoing long-term hemodialysis usually have a low bone mass and 

osteoporosis, so the outcome of CKD long-term hemodialysis is not only progression 

to ESRD, but also an increased risk of fracture.4–6 Previous studies have described that 

the amount of bone loss in the femoral neck affects the risk of femoral neck fracture in 

ESRD patients and the overall risk of fracture in the general population;4,7,8 however, 

little is known about the importance of relative risks with regards to several kinds of 

orthopedic fractures and injuries for early-stage CKD patients undergoing hemodialysis. 

The lengths of some investigation periods have not been sufficient, or some surveys 
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have focused on osteoporosis and vertebra fracture using a 

cross-sectional study design. Hence, comprehensive informa-

tion on the incidence at each site of orthopedic fractures and 

dislocations is still scarce.

The aims of this study are: (1) to explore the incidences 

of various orthopedic fractures or dislocations among the 

population undergoing hemodialysis in Taiwan; and (2) to 

analyze the risk factors for the occurrence of orthopedic 

injuries in the Taiwanese hemodialysis population. This 

information will inform hemodialysis patients on the plans 

for the prevention of orthopedic injuries.

Materials and methods
Data source, security, and quality control
Taiwan launched a single-payer National Health Insurance 

(NHI) program in 1995, and its coverage rate expanded to 

more than 98% of the Taiwanese population after the year 

2004. All enrollees enjoy health care with a small copayment 

from most clinics and hospitals.9 The National Health Insur-

ance Bureau (NHIB) established a nationwide research data-

base, which includes nationwide population-based data with 

good quality control and representation. The NHI database 

contains registration files and original claims data, including 

patients’ demographics, diagnosis, treatment details related 

to in-hospital and outpatient claims for reimbursement, and 

access to the National Health Insurance Research Database 

(NHIRD).

The information of all subjects was encrypted with a 

double scrambling protocol for research purposes to protect 

the privacy of the patients. All researchers who wish to use 

the NHIRD and its data subsets are required to sign a written 

agreement declaring that they have no intention of attempting 

to obtain information that could potentially violate the privacy 

of patients or care providers. This study protocol was evalu-

ated by the NHRI, who gave their agreement to the planned 

analysis of the NHIRD (Application and Agreement Number: 

100047). This study was also approved by the Institutional 

Review Board of Taoyuan General Hospital, which has been 

certificated by the Department of Health, Taiwan (Institu-

tional Review Board Approval Number: TYGH99037).

Inclusion and exclusion criteria  
of the study population and definition
Every claimant of the NHI program at any time dur-

ing 2004–2008 was included in the studied population 

(22,134 × 103 people in 2004, increasing to 22,918 × 103 

people in 2008).9 As a cohort study population, the 

registration and claims data of these individuals collected 

by the NHI program were traced, and two separate cat-

egories of expenditure were used as follows: (1) inpatient 

expenditure by admission (DD files); and (2) ambulatory 

care expenditure by visit (CD files). In order to investigate 

the incidence of orthopedic injuries in the population 

undergoing hemodialysis in this study, the International 

Classification of Diseases, Ninth Revision, Clinical Modi-

fication (ICD-9-CM) diagnosis codes were evaluated, and 

the major diagnosis codes for hemodialysis were defined 

as coded as 585 and 586 (chronic renal failure with hemo-

dialysis), the 403 series (hypertensive heart and CKD with 

ESRD), and the 404 series (hypertensive heart with specific 

or nonspecific heart failure and ESRD). Also according to 

the coding rules of the Taiwan NHI database for identify-

ing CKD and ESRD with hypertensive heart disease, when 

patients have both diseases, the diagnosis code would be 

coded first as one of the folowing codes: 403.01, 403.11, 

or 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93  

before coding as 585–586.

All subjects matching the inclusion criteria of these 

hemodialysis codes in the annual CD files or DD files dur-

ing 2004–2008 were selected as the study cohort. In order to 

investigate the incidences of orthopedic fractures or disloca-

tions in the study cohort population during 2004–2008, the 

concomitant ICD-9-CM diagnosis codes and treatment codes 

were evaluated and used as the inclusion criteria. The diag-

nosis codes of orthopedic injuries were defined as coded as 

four major categories. The first major orthopedic injuries cat-

egory, fractures of upper limbs, was defined as injuries coded 

in the 810–811 series (fracture of the clavicle or scapula), 

812 series (fracture of the humerus), and 813–817 series 

(fracture of the radius, ulna, or hand). The second major 

orthopedic injuries category, fractures of lower limbs, 

was coded as the 820–821 series (fracture of the femoral 

neck or shaft), 822–823 series (fracture of the patella, tibia, or 

fibula), and 824–826 series (fracture of the ankle or foot). 

The third  category, fractures of the trunk, was coded as the 

805–806 series (fracture of vertebrae) and 808 series (fracture 

of the pelvis). The fourth major orthopedic injuries category 

was orthopedic joints dislocation, which could be defined 

as upper limb dislocation (coded as the 831 series [shoulder 

dislocation], 832 series [elbow dislocation], 833 series [wrist 

dislocation], and 834 series [finger  dislocation]) and lower 

limb dislocation (coded as the 835 series [hip dislocation], 

836 series [knee dislocation], 837 series [ankle dislocation], 

and 838 series [foot dislocation]).10,11 The treatment codes for 

the orthopedic injuries mentioned above were classified as 

the 78 series (other operation on bones, except facial bones), 
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79 series (reduction of fracture and dislocation), and 81 series 

(repair and plastic operations on joint structures).11,12

We calculated the Charlson comorbidity index, developed 

by Charlson et al,13 which is based on medical diagnosis 

codes (ICD-9-CM). In order to focus on acute orthopedic 

injury cases, subsequent hospitalization for chronic care or 

other medical disorders was excluded. To avoid repeated 

calculation, the status of those who were admitted for other 

subsequent surgical procedures, such as removal of spinal 

implanted devices or debridement, was also excluded. 

Thus, we analyzed the period of 2004 to 2008, and a total of 

82,491 subjects in this study.

Statistical analysis
Descriptive statistics are presented as numbers of cases, 

percentages, and means with standard deviation, cumulative 

incidences (I) of specific orthopedic injury types (per 1000 

populations), and 95% confidence intervals for the estimated 

incidence were calculated based on the number of observed 

cases as per the following formula:

 I ± 1.96 √[(I) (1 − I)/N] (1)

As a fixed cohort study, the risk ratios (RRs) of various 

accumulative orthopedic injuries in both genders were evalu-

ated, and the 95% confidence intervals were calculated as per 

the following formula14,15:

 (ci
1
, ci

2
) = Ln RR ± 1.96 √[(1/a) − (1/(a + c)) +  

 (1/b) − (1/(b + d))] (2)

(RR = (eci1, eci2); a: orthopedic injury and CKD male cases; 

a + c: CKD male subjects; b: orthopedic injury and CKD 

female cases; b + d: CKD female subjects).14

Pearson’s Chi-square (χ2) test was used for univariate 

analysis of categorical data; the Mantel–Haenszel  Chi-square 

test was used to test for trends. Further categorical analysis 

by Poisson regression was performed to evaluate the factors 

related to the orthopedic injuries of the studied subjects. 

All analyses were conducted using SAS 9.2 (SAS Institute, 

Inc, Cary, NC, USA) and the Statistical Package for Social 

Sciences for Windows (SPSS for Windows 19.0; IBM 

 Corporation, Armonk, NY, USA).14

Results
Incidence and characteristics of the 
Taiwanese hemodialysis patients in 2004
According to the ICD-9-CM coding of CKD with uremia 

(585–586), and coding of the first hypertensive heart with 

or without heart failure (403.00–403.91, 404.00–404.93) if 

diagnosed with both hypertensive heart and CKD, 125,094 

Taiwanese patients received hemodialysis in 2004, and a total 

of 82,491 CKD patients underwent long-term hemodialysis 

regularly over 6 months. The largest age stratum of the studied 

population was over 65 years (49.6%), followed by 45–64 

years (38.62%), and those aged below 18 years (0.48%). 

There was no gender difference in the age distribution of the 

CKD patients (male: 62.5 ± 14.9 versus female: 62.4 ± 14.2, 

P = 0.137). The majority of those patients undergoing long-

term hemodialysis were diagnosed with CKD or chronic renal 

failure (94.81%), while the other 5.19% of the hemodialy-

sis patients had both hypertensive heart disease and CKD 

(Table 1). Based on the above inclusion criteria, a total of 

82,491 CKD patients undergoing long-term hemodialysis 

were initially enrolled as the fixed cohort group, and their 

medical records from 2004 to 2008 were examined.

Table 2 details the orthopedic injury distributions of the 

fixed cohort during the follow-up period of 2004–2008. In 

general, 1028 cases of orthopedic injuries (including frac-

tures and dislocations) occurred in 2004, and 1093, 969, 

936, and 889 cases occurred in 2005, 2006, 2007, and 2008, 

respectively. The cumulative incidence of total orthopedic 

injuries for the CKD with hemodialysis population in Taiwan 

was 59.58‰, with a 95% CI of 57.97 to 61.20 per thousand 

persons in 5 years. The greatest incidence of orthopedic 

injuries among the CKD cohort was for lower limb fractures, 

which represented over 70% of various orthopedic injury 

cases annually. The cumulative incidence rate of lower limbs 

fractures, including the femoral neck/femur or tibia/fibula, 

was 42.56‰ in 5 years (95% CI: 41.18–43.94 per thousand 

Table 1 Characteristics of the enrolled subjects in 2004

Male 
n = 43,014

Female 
n = 39,477

General 
n = 82,491

Cases (%) Cases (%) Cases (%)

Age stratum
Less than 18 years old 247 0.6 150 0.4 397 0.5
18–44 years old 5101 11.9 4224 10.7 9325 11.3
45–64 years old 16,071 37.4 15,783 40.0 31,854 38.6

65+ years old 21,595 50.2 19,320 48.9 40,915 49.6

Types of CKD
CKD and chronic 
renal failurea

40,744 94.7 37,430 94.8 78,174 94.8

Hypertensive heart and 
end stage renal diseaseb

2270 5.3 2047 5.2 4317 5.2

Notes: aICD-9-CM diagnosis codes: 585,586; bICD9_CM diagnosis codes: 403.01, 
403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93. Hypertensive heart 
and CKD, with or without heart failure, and with CKD stage 5 or end-stage renal 
disease.
Abbreviations: n, number; CKD, chronic kidney disease.
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persons). Figure 1 shows a gradual rate of increase in the four 

major categories of orthopedic injury with age in female gen-

ders. All three types of orthopedic fractures were more com-

mon in the oldest age stratum ($65 years old). All incidences 

of fractures were higher than that of joint dislocations.

Risk factors of orthopedic  
injuries among the CKD cohort
Table 3 shows the results of univariate analysis to evalu-

ate the risk factors of the four major orthopedic injuries 

in the study cohort. There was no statistical difference in 

the incidence of upper limb and trunk fractures among 

the CKD subgroups, even among the patients who were 

diagnosed with both hypertensive heart and CKD and were 

undergoing long-term hemodialysis. However, there was a 

statistical difference between younger and older patients 

for lower limb and trunk fractures. Since there were too 

few events in young age (,18 years old), young adulthood 

(age stratum 18–44 years of age) was used as a reference 

group to compare for vertebra/pelvis fractures. The RRs 

of the age strata of those aged 45–64 years and 65 years 

or above were 3.08 (95% CI: 1.10–8.58) and 5.84 (95% 

CI: 2.02–14.90), respectively. A similar aging effect was 

also seen for vertebra/trunk fractures. The CKD subjects 

with a history of osteoporosis also had a significantly 

higher risk of sustaining a trunk fracture (RR = 4.09; 95% 

CI = 3.63–4.55). Gender differences were seen for all four 

types of orthopedic injury (P , 0.05). CKD patients with 

more comorbidities (Charlson index $ 6) had a signifi-

cantly greater tendency to sustain orthopedic fractures than 

patients with fewer comorbidities (P , 0.05).

The effects of independent risk factors on orthope-

dic injuries were separately modeled by four subtypes, 

as shown in Table 4. The adjusted RRs and 95% CIs of 

potentially confounding factors for orthopedic injuries 

are also shown. Patients of advanced aged, those of the 

female gender, and those with osteoarthritis or osteoporosis 

were at significant risk of sustaining an orthopedic fracture. 

<18 18–44 45–64

Age

‰

>65

Fr_upper

Fr_lower
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Figure 1 The cumulative incidence of the four types of orthopedic injury by age stratum and gender. (A) The cumulative incidence of the different types of orthopedic injury 
by age for males. (B) The cumulative incidence of the different types of orthopedic injury by age for females.
Abbreviation: Fr, fractures.

Table 2 The incidences of various orthopedic injuries among CKD patients in Taiwan

2004 
cases

2005 
cases

2006 
cases

2007 
cases

2008 
cases

5-year 
cumulative incidence*

Total incident orthopedic 
injuries with treatment

1028 1093 969 936 889 59.58 (57.97–61.20)

Orthopedic fracture 1006 1061 945 947 862 58.44 (56.84–60.04)
 Upper limb 204 216 214 221 212 12.93 (12.16–13.71)
 Lower limb 768 787 682 675 599 42.56 (41.18–43.94)
 Trunka 37 64 56 60 53 3.27 (2.88–3.66)
Orthopedic dislocation 28 36 24 19 28 1.64 (1.36–1.91)
 Upper limb 12 20 16 10 13 0.86 (0.66–1.06)
 Lower limb 16 17 8 9 15 0.79 (0.60–0.98)

Notes: *Per 1000 persons (‰); aTrunk: vertebrae and pelvis fracture.
Abbreviation: CKD, chronic kidney disease.
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Among those patients undergoing long-term hemodialysis, 

high comorbidity was not related to joint dislocation (0.969, 

0.637–1.476). Similarly, comorbidity and hypertensive renal 

failure were also not significantly associated with upper 

limb fracture (1.083, 0.915–1.281) or trunk fracture (0.803, 

0.485–1.330).

Table 5 reveals the results of this prospective study to 

examine the risk factors for the occurrence of orthopedic 

injuries. Among all the patients undergoing long-term 

hemodialysis, advanced age, presence of osteoporosis or 

osteoarthritis, and high comorbidity were the major risk 

factors for orthopedic injuries. Aging was a complex risk 

factor for orthopedic injuries, and female patients with 

older age ($65 years) had a high risk (RR = 3.01, 95% CI, 

2.35–3.85) of sustaining orthopedic injuries. In the male 

patients, we did not find a statistically significant age effect. 

Younger age may be protective against orthopedic injuries 

with a dose–response effect. After adjusting for age and 

medical history of osteoarthritis and comorbid conditions, 

patients with osteoporosis were still susceptible to getting 

orthopedic fractures. Using the prediction method of log 

linear regression analysis, the probabilities of any kind of 

orthopedic fracture by gender and by age strata could be 

compared (P , 0.01, age strata tested by the linear trend 

test). Of all the studied subjects, the CKD patients with 

osteoporosis were at a significantly greater risk of sustaining 

an orthopedic fracture than the patients without osteoporosis 

in both genders (Figure 2).

Table 3 Univariate analysis of orthopedic injuries among the CKD population in Taiwan

Upper limb 
fractures

Lower limb 
fractures

Trunk 
fractures

Limb  
dislocations

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Age stratum
 Less than 18 years old 1.00 1.00 – 1.00
 18–44 years 1.51 (0.48–4.78) 4.68 (0.65–33.64) 1.00 0.94 (0.13–6.97)
 45–64 years 1.70 (0.54–5.30) 7.45 (1.04–53.09) 3.08 (1.10–8.58) 0.86 (0.12–6.21)
  $65 years 2.37 (0.76–7.39) 13.81 (1.94–98.37) 5.48 (2.02–14.90) 1.15 (0.16–8.22)
Gender
 Female versus male 1.67 (1.49–1.87) 1.64 (1.51–1.79) 3.09 (2.13–4.50) 1.48 (1.13–1.95)
Hypertension
 Yes versus no 1.04 (0.93–1.17) 0.99 (0.91–1.08) 0.73 (0.52–1.25) 1.40 (1.07–1.84)
Osteoporosis
 Yes versus no 3.86 (3.56–3.88) 4.91 (4.80–5.02) 4.09 (3.63–4.55) 2.48 (2.02–2.94)
Osteoarthritis
 Yes versus no 2.11 (1.98–2.24) 2.76 (2.67–2.86) 2.24 (1.86–2.63) 2.99 (2.69–3.28)
Comorbidities
 Higher ($6) versus lower 1.77 (1.62–1.91) 2.26 (2.16–2.36) 1.54 (1.10–1.98) 1.90 (1.56–3.32)

Abbreviations: CKD, chronic kidney disease; RR, risk ratio; CI, confidence interval.

Table 4 Multiple regression models of orthopedic injury among the CKD population in Taiwan

Upper limb 
fractures

Lower limb 
fractures

Trunk 
fractures

Limb  
dislocations

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Age
 Less than 18 years old 1.00 1.00 – – 1.00
 18–44 years 1.42 (0.45–4.50) 4.36 (0.61–31.36) 1.00 0.82 (0.11–6.11)
 45–64 years 1.46 (0.47–4.56) 6.17 (0.87–44.02) 2.80 (1.00–7.82)** 0.66 (0.09–4.77)
 $65 years 1.80 (0.58–5.64) 9.66 (1.36–68.87)* 4.62 (1.69–12.65)* 0.73 (0.10–5.26)
Gender
 Female versus male 1.54 (1.37–1.73)** 1.48 (1.35–1.62)** 2.85 (1.95– 4.16)** 1.41 (1.07–1.87)*
Hypertension – – – – – – 1.33 (0.99–1.79)
Osteoporosis 2.79 (2.33–3.35)** 3.43 (3.00–3.91)** 2.68 (1.62–4.45)** 1.64 (0.99–2.70)
Osteoarthritis 1.63 (1.40–1.90)** 1.91 (1.71–2.14)** 1.64 (1.07–2.52)* 2.70 (1.92–3.79)*
Comorbidities
 Higher versus lower 1.08 (0.92–1.28) 1.17 (1.03–1.33)* 0.80 (0.49–1.33) 0.97 (0.64–1.48)

Notes: *P , 0.05; **P , 0.01.
Abbreviations: CKD, chronic kidney disease; RR, risk ratio; CI, confidence interval.
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Discussion
A growing amount of literature has reported that patients 

with CKD are also at an increased risk of fragility frac-

ture.16,17 End-stage kidney disease decreases renal synthesis 

of 1,25(OH)
2
D

3
, which may adversely affect bone remodeling 

and accelerate the deterioration of the bone structure.1 The 

prevalence of total orthopedic fractures in 2005 was reported 

to be 6.1‰,11 and the annual incidence of joint dislocations 

among the Taiwanese general population is 42.1 per 100,000 

people.12 In the present study, the cumulative incidence of 

orthopedic fracture was 59.6‰, and the annual incidence of 

orthopedic fracture among the CKD patients was higher than 

that in the general population by at least 1.72-fold.18 To our 

knowledge, a large sample prospective study with a long-term 

observation period has not previously been conducted in 

detail.19–21 One strength of our study was that we included 

study subjects from a nationwide cohort. We conducted a 

prospective cohort study of 82,491 hemodialysis patients and 

discovered the numbers of head-to-toe orthopedic injuries 

per 1000 persons annually. Osteoporosis remained the factor 

associated with the highest RR for orthopedic fractures.22,23

The present nationwide population study, consisting of 

CKD patients who underwent long-term hemodialysis and 

follow-up for 5 years, provided experimental evidence that 

CKD patients sustain many orthopedic injuries, even hemodi-

alysis patients with less comorbidity. Theoretically, the patho-

genesis of renal osteodystrophy exacerbated by CKD leads to 

fragility fractures.1 The results of Gabay et al’s7 study indicated 

Table 5 All kinds of orthopedic injury among the CKD population by gender

Total kinds of orthopedic injury Male Female

RR (95% CI) RR (95% CI) RR (95% CI)
Age
 Less than 18 years old 1.00 1.00 – –
 18–44 years 2.06 (0.76–5.57) 1.57 (0.58–4.29) 1.00
 45–64 years 2.48 (0.92–6.65) 1.33 (0.49–3.60) 1.94  (1.51–2.50)***
  $65 years 3.48 (1.30–9.34)* 1.62 (0.60–4.36) 3.01  (2.35–3.85)***
Gender
 Female 1.48 (1.37–1.60)*** – –
 Male 1.00 – –
Osteoporosis 3.47 (3.10–3.89)*** 4.66 (3.78–5.74)*** 3.01  (2.63–3.45)***
Osteoarthritis 1.79 (1.63–1.97)*** 2.08 (1.78–2.43)*** 1.63  (1.44–1.84)***
Comorbidities
 Higher versus lower 1.13 (1.02–1.26)* 0.92 (0.77–1.09) 1.28  (1.12–1.46)***

Notes: *P , 0.05; ***P , 0.001.
Abbeviations: CKD, chronic kidney disease; RR, risk ratio; CI, confidence interval.
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Figure 2 Probability of orthopedic fractures among patients with or without osteoporosis by gender and age group.
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that bone mass density (BMD) was decreased at all skeletal sites 

after hemodialysis, especially in the lumbar spine and femoral 

shaft, which were significantly negatively related to the duration 

of dialysis. This might be also the reason for which the highest 

incidence of fractures occurred in the lower limbs among CKD 

patients undergoing long-term hemodialysis.

The primary purpose of this study was to explore the 

incidences and risk factors of various orthopedic fractures or 

dislocations among the hemodialysis population in Taiwan. 

In the present prospective cohort study, the 5-year cumulative 

incidences of orthopedic injuries were 42.56‰ for lower limb 

fractures, and 12.93‰, 3.27‰, and 1.64‰ for upper limb 

fractures, vertebrae fractures, and joint dislocations. These high 

incidences were similar to those reported in the Rudser et al24 

study, which focused on the long-term risks for fractures in 

America. Another similar result was also found in a European 

clinical study,25 which also reported the gender difference 

that vertebral cortical bone loss occurs significantly more in 

females than in males. Our study was consistent with previous 

studies.16,18 Figure 2 demonstrates that osteoporosis in women 

increases the risk of orthopedic fracture in each age stratum.1

One retrospective study of the prevalence of spine and non-

spine fractures in Japanese dialysis patients reported figures of 

15% in men and 30% in women,22,26 which were much higher 

than our findings. That study also measured the bone mineral 

density at the lumbar spine and radius site, and reported signifi-

cantly lower BMDs in women than in men (P , 0.001).26 Most 

of the investigations were conducted using a cross-sectional 

study design or a case-control study design, which did not 

enable the identification of the incidences of various fractures 

without recall bias. Table 2 clearly shows the incidences of 

various orthopedic injuries found in each year of our study. 

In addition, Figure 2 demonstrates the cumulative incidence 

rate of the four types of orthopedic trauma by gender and age 

strata, simultaneously. Our study provides detailed informa-

tion regarding not only the gender differences, but also the age 

effect based on a nationwide database. In a Czech cohort study, 

time on dialysis was found to be independently correlated 

with a decrease in BMD (R = 0.35, P , 0.005) by multiple 

regression analysis, and a significantly greater decrease was 

seen in females than in males (P , 0.005).22

CKD is usually silent and may remain undetected until 

an orthopedic accident is sustained. At this point in the silent 

process, there are few opportunities to prevent malignant 

outcomes,19 such as further declines in bone strength and renal 

function necessitating hemodialysis. In a recent observational 

study of the Third National Health and Nutrition Examination 

Survey (NHANES III) in the United States, physical activity 

was found to be associated with health outcomes among end-

stage kidney disease patients (estimated glomerular filtration 

rate , 60 mL/minute/1.73 m2). Insufficient activity was pres-

ent in 13.5% of the non-CKD and 28.0% of the CKD groups 

(P , 0.001), with a higher mortality rate.27 Regarding the risk 

factors identified for fracture in previous studies,6,19,28,29 which 

included advanced age, the female gender, postmenopausal 

status, medical history of osteoarthritis, osteoporosis, and 

propensity to fall, our study was similar to those conducted in 

the general population.16,22,30,31 More comorbidities were asso-

ciated with an increased fracture risk among CKD patients. 

Hemodialysis patients also sustain more orthopedic fractures 

with advancing age.

Age is a complex factor when exploring the relationships 

between gender and fracture risks. A significantly increased 

risk of fractures was observed in women who had CKD 

with long-term hemodialysis, especially in the age stratum 

of 65 years old and above, and the excess risk remained sig-

nificant even after accounting for baseline medical diseases 

and related factors, including osteoarthritis, osteoporosis, 

and comorbid conditions.

Limitations of the present study exist. Complete informa-

tion regarding clinical symptoms was not available from our 

database because the national health registry records have 

ICD-9-CM diagnosis codes only. The BMD, a traditional 

fracture risk factor, was not recorded in the national health 

registry. Therefore, the ICD-9-CM code for osteoporosis, 

which has appeared over three times, was used to define bone 

mass loss in our study. The general population study with a 

long-term prospective observation period would need to be 

conducted in the future.

Previous investigations have focused on a single type 

of injury, such as fractures. It is the strength of our study 

that more is now known about the various characteristics 

of orthopedic injuries and their relationships among CKD 

patients undergoing hemodialysis. This study also confirms 

the strong influence of osteoarthritis and osteoporosis on 

all kinds of orthopedic injuries. We hope to present the risk 

factors as a reference point through which to inform hemo-

dialysis patients to prevent orthopedic injuries; the deteriora-

tion of osteoporosis should be postponed and the symptoms 

of osteoarthritis should be lessened. We suggest that these 

high-risk patients should be taken care of intensively in order 

to maintain safety in their daily lives.

Conclusion
Hemodialysis for CKD may carry increased fracture risks in 

older women. The results from this Taiwanese CKD cohort 
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support the conclusion that aging, the female gender, and suf-

fering from osteoporosis and osteoarthritis are high risk factors 

for orthopedic injuries. The impact of osteoporosis may need 

to be taken into consideration for the prevention of orthopedic 

injuries among CKD patients undergoing hemodialysis.
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