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Abstract: Patients with chronic obstructive pulmonary disease

(COPD) have a high risk of osteoporosis and fractures. The incidence

rate of hip fracture has steadily increased over time and is a major

common event in patients with osteoporosis and COPD. Total hip

replacement (THR) is commonly performed in patients with hip frac-

ture. Our aim was to compare the complications of THR between

patients with and without COPD.

Longitudinally linked data from the National Health Insurance

Research Database, which consists of registration, claims, and reimburse-

ment records, for a cohort of 1,000,000 randomly selected enrollees traced

retrospectively from 1996 to 2000 in Taiwan. Patients who had undergone

THR surgery between January 1, 2004, and December 31, 2008, were

identified and divided into COPD and non-COPD cohorts. Outcomes and

complications, including 90-day mortality, 1-year mortality, 1-year

wound infection, 30-day readmission for hospitalization, 30-day pneu-

monia, 30-day acute respiratory failure, 30-day cerebrovascular accident,

and length of stay during hospitalization, were measured after THR.

The COPD group had a significantly higher ratio of complications,

including 30-day readmission (14.0% vs 8.4%), 30-day pneumonia

(10.4% vs 4.4%), 30-day acute respiratory failure (1.5% vs 0.5%), 1-

year mortality (6.9% vs 2.7%), and length of stay in the hospital (10.6%

vs 0.8%) than the non-COPD group.

In addition to airway diseases, patients in the COPD group had higher

mortality than those in non-COPD group after THR. Surgeons should

give more attention to airway evaluation and selection of patients with

COPD for THR.

(Medicine 95(12):e3182)

Abbreviations: CI = confidence interval, CKD = chronic kidney

disease, COPD = chronic obstructive pulmonary disease, CVA =

cerebrovascular accident, CVD = cardiovascular disease, DM =

diabetes mellitus, HR = hazard ratio, LHID = Longitudinal Health
and Hsueh-Yi Lu, PhD
INTRODUCTION

C hronic obstructive pulmonary disease (COPD) is a chronic
systemic inflammatory disease and is one of the leading

causes of death in the United States. Osteoporosis has been
found to be the most common and serious comorbidity in
patients with COPD,1 and fractures were found to account
for the majority of adverse events after osteoporosis. Many
factors contribute to fractures in patients with COPD, including
old age, smoking habit, use of oral or inhaled corticoids, and
sedentary lifestyle.1–6

Fractures and their complications are the clinical sequelae
of osteoporosis. Hip fracture is one of the most serious potential
consequences of osteoporosis because of the associated mor-
bidities, which include pain, disabilities, and limitations in
physical activity. These morbidities lead to diminished quality
of life, the need for long-term care services, and premature
mortality. Hip fracture is a major health problem, and the annual
number of hip fractures is expected to increase worldwide from
1.66 million in 1990 to 6.26 million by 2050.7 Total hip
replacement (THR) is commonly performed in patients with
hip fractures, with excellent outcomes, and patient satisfaction.8

Patients with COPD have an increased risk of postoperative
pulmonary complications that varies depending on the region of
the body upon which the surgery is performed.9–11 The purpose
of this study was to determine the relationship between COPD
and THR outcomes by investigating the effect of COPD on
complication rates and to compare the incidence of various
types of complications in patients with and without COPD after
receiving THR.

METHODS

Ethics Statement
This retrospective study was approved by the Institutional

Review Board (IRB) of the Chi Mei Medical Center, Taiwan
(IRB no. 10405-E04). Consent was specifically waived by the
approving IRB because all personal identifying information was
removed from the dataset and strict anonymity was maintained
before further analysis.

Data Sources
Since March 1995, the Taiwan Department of Health has

run the National Health Insurance (NHI) program, which is a
compulsory single-payer health care plan with universal cover-
age. The NHI is operated by the Taiwanese government as a sole
insurer that covers�99% of the total 23-million population and
contracts with 97% of the healthcare providers of Taiwan.12 The
NHI Research Database (NHIRD) is a medical claims database
that was developed for research purposes and is managed by the
ch Institutes. To date, the NHIRD is one
ative health care databases in the world.
and outpatient claims data from the NHI
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program, including patients’ demographic characteristics, dis-
ease diagnostic codes (based on the International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM)), prescription records, and medical expenditures. In this
study, we analyzed the longitudinally linked NHIRD data,
which consists of registration, claims, and reimbursement
records for a cohort of 1,000,000 randomly selected enrollees
traced retrospectively from 1996 to 2000. The identities of these
selected subjects were made anonymous by encrypting their
original identification information. There were no statistically
significant differences in age, sex, and health care cost distri-
butions among the subjects.

Patients
Our study cohort consisted of patients who underwent

THR surgery between January 1, 2004, and December 31,
2008, and were identified by ICD-9-CM codes 81.51 (THR),
81.52 (partial hip replacement), and 81.53 (revision of hip
replacement) that were listed as the major operation in the
NHIRD database. During the study period, only the data from
the first-time THR registries were analyzed to ensure the
independence of observations. The exclusion criteria included
age <40 years and diagnosis with cancers before THR surgery
(found ICD-9-CM 140–239 codes 3 years before the surgery
date). In total, 2426 qualified patients who had THR surgery
were preliminarily retrieved after the exclusion filtering
(Figure 1). To investigate the complications of THR patients
with a COPD history, the study cohort was divided into COPD
and non-COPD groups in which the COPD patients were
identified by the diagnostic codes (ICD-9-CM 490–492, 496)
within 2 years before the THR surgery from their inpatient and
outpatient records.

Outcome Measures
The index date was the date of occurrence of administrative

claims of THR surgery as operation codes. Eight study out-

FIGURE 1. Flowchart of the patients included in the study.
comes and complications were measured after the index date,
including 90-day mortality, 1-year mortality, 1-year wound
infection (ICD-9-CM codes 996.60,66,67,69; 998.3,5,59;
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711.05,06,08; 730.25,26,28), 30-day readmission for hospital-
ization, 30-day pneumonia (ICD-9-CM codes 480–488), 30-
day acute respiratory failure (ARF; ICD-9-CM codes
518.5,81,82,84), 30-day cerebrovascular accident (CVA;
ICD-9-CM codes 430–437), and length of stay (LOS) during
the hospitalization.

Other Variables
The covariate variables included the patients’ character-

istics (age and sex) and comorbidities. The examined comor-
bidities were traced back from 2 years to the index date, which
included cardiovascular disease (CVD; ICD-9-CM codes: 401–
405), CVA (ICD-9-CM codes 430–438), chronic kidney disease
(CKD; ICD-9-CM codes 582, 583, 585, 586, 588), and diabetes
(ICD-9-CM code: 250).

Statistical Analysis
Continuous variables are presented as means (standard

deviations), and discrete variables are expressed as frequencies
and percentages. The chi-square test was performed to compare
categorical variables, and Student’s t test was used to compare
continuous variables. A 2-sided P value of< 0.05 was con-
sidered to indicate statistical significance. To investigate associ-
ations of COPD with complications and mortality for patients
who received THR, univariate analysis was performed using the
Kaplan–Meier survival estimate, with significance determined
by the log-rank test. Multiple regression analysis was performed
by using a Cox proportional hazards model with the significant
characteristics identified in the univariate tests and estimating
the hazard ratios (HRs) and 95% confidence intervals (CIs). All
statistical analyses were performed by using SPSS (version 15,
SPSS Inc, Chicago, IL).

RESULTS

Patient Characteristics

The comparisons of baseline characteristics between the

COPD (335 patients) and non-COPD (control) (2091 patients)
groups for patients who received THR are shown in Table 1.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Demographics of Patients With/Without COPD
Who Underwent THR

COPD Patients Non-COPD

Characteristics
N¼ 335

(%)
N¼ 2091

(%) P value

Age, mean (SD) 75.88 (10.91) 68.92 (13.77)<0.001
40–49 14 (4.2) 272 (13.0) <0.001
50–59 18 (5.4) 296 (14.2)
60–69 46 (13.7) 396 (18.9)
�70 257 (76.7) 1127 (53.9)

Sex, frequency (percentage) <0.001
Female 156 (46.6) 1214 (58.1)
Male 179 (53.4) 877 (41.9)

Comorbidities, frequency (percentage)
HTN 215 (64.2) 1086 (51.9) <0.001
CVD 60 (17.9) 162 (7.7) <0.001
CVA 92 (27.5) 417 (19.9) 0.002
CKD 46 (13.7) 201 (9.6) 0.021
Diabetes 93 (27.8) 519 (24.8) 0.250

CKD¼ chronic kidney disease; COPD¼ chronic obstructive pulmon-
ary disease; CVA¼ cerebrovascular Accident; CVD¼ cardiovascular
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The COPD group had a significantly higher mean age (75.88 vs
68.92 years) with a higher percentage of patients age >70 years
(76.7% vs 53.9%), a large proportion of men (53.4% vs 41.9%),
and higher prevalence of comorbidities (HTN [64.2% vs
51.9%], CVD [17.9% vs 7.7%], CVA [27.5% vs 19.9%], and
CKD [13.7% vs 9.6%]) than the non-COPD group did.

Univariate Analysis
The COPD group had a significantly higher rate of com-

plications than that of the non-COPD group (Table 2). The rates

disease; DM¼ diabetes mellitus; HTN¼ hypertension; SD¼ standard
deviation; THR¼ total hip replacement.
of 30-day readmission (14.0% vs 8.4%), 30-day pneumonia
(10.4% vs 4.4%), 30-day ARF (1.5% vs 0.5%), 1-year mortality
(6.9% vs 2.7%), and LOS (10.6% vs 9.8%) were higher in the

TABLE 2. Univariate Analysis for Risk Factors of Complications Fo

COPD Age (y) Sex

Yes/No 40–59/>60 m/f

Wound infection (%) 3.9/2.6 3.6/2.5 3.5/2.1
��

30-day readmission (%) 14/8.4
�

5.1/0.1
��

9.2/9.0
30-day pneumonia (%) 10.4/4.4

�
0.5/6.8

��
7.6/3.4

��

30-day ARF (%) 1.5/0.5
�

0/0.8
��

0.9/0.4
30-day CVA (%) 2.4/1.6 0.2/1.9

��
1.6/1.3

90-day mortality (%) 1.8/1.3 0.1/1.8
��

1.8/1.0
1-year mortality (%) 6.9/2.7

��
0.6/4.1

��
4.4/2.3

��

LOS (mean) 10.6/9.8
�

8.9/10.2
�

9.9/9.9

ARF¼ acute respiratory failure; CKD¼ chronic kidney disease; diabetes; C
accident; CVD¼ cardiovascular disease; HTN¼ hypertension; LOS¼ leng�

P< 0.05.��
P< 0.01 significant when comparing Kaplan–Meier survival curves b

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
COPD group than in the non-COPD group. In addition, possible
risk factors for 8 other types of complications were examined.
Age was associated with most complications except for wound
infection. Sex was associated with would infection, 30-day
pneumonia, and 1-year mortality. Most of the comorbidities
(CVD, CVA, CKD, and diabetes) were significantly associated
with 30-day readmission, 30-day pneumonia, 1-year mortality,
and LOS.

Multivariate Analysis
In the Cox regression analysis, the complication risks

associated with COPD in the patients who received THR were
analyzed by adjusting for the risk factors found to be significant
from the univariate analysis (Table 3). After adjusting for age,
HTN, CVD, CVA, CKD, and diabetes, the adjusted HR of 30-
day readmission was 1.43 (95% CI¼ 1.03–1.99, P¼ 0.032) for
the COPD group compared with the non-COPD group. After
controlling for all risk covariates except CKD, the COPD group
had a higher risk of 30-day pneumonia than the non-COPD
group did (adjusted HR¼ 1.55; 95%, CI¼ 1.03–2.32,
P¼ 0.032). Moreover, the adjusted HR for 1-year mortality
was 1.74 (95% CI¼ 1.06–2.86, P¼ 0.029) for the COPD group
compared with the non-COPD group after adjusting for all risk
covariates except CVD.

Cumulative Incidence Rate of Complications
Figure 2 shows the cumulative incidence curves of com-

plications for the COPD and non-COPD groups. The log-rank
test demonstrated significant differences in the complication
risks between the COPD and non-COPD groups. The cumu-
lative incidence curves of 30-day readmission, 30-day pneu-
monia, and 1-year mortality showed that the COPD group had
significantly higher incidence rates than the non-COPD
group did.

DISCUSSION
The mean age at the time of surgery in the COPD group

was 75.88 years, which was older than the non-COPD group. In

Complications Following THR in Patients With COPD
our study population of patients who had undergone THR, the
mean age of the COPD group was greater than that of 75 years
for THR patients in the general population determined in a

llowing THR

HTN CVD CVA CKD Diabetes

Yes/No Yes/No Yes/no Yes/no Yes/no

2.7/2.8 4.9/2.6
��

3.5/2.6 3.6/2.7 3.1/2.7
11/6.9

��
15.7/8.4

��
13.9/7.8

��
16.1/8.3

��
13.0/7.8

��

0.6/4.1
��

14.4/4.3
��

14.1/2.9
��

5.2/5.2 6.6/4.7
�

0.7/0.6 1.3/0.5 0.7/0.6 2.0/0.5
��

1.1/0.5
2.1/0.7

��
4.1/1.2

��
4.3/0.7

��
1.2/1.5 1.8/1.3

1.5/1.2 2.7/1.2
�

1.7/1.3 2.0/1.3 1.9/1.2
4.2/2.1

��
4.1/3.2 5.6/2.6

��
6.4/2.8

��
4.9/2.7

��

10.3/9.5
�

10.1/9.9 10.5/9.7
��

11.5/9.8
��

10.6/9.7
��

OPD¼ chronic obstructive pulmonary disease; CVA¼ cerebrovascular
th of stay; THR¼ total hip replacement.

etween groups by using the log-rank test.
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TABLE 3. Multivariate Analysis by Cox Regression of Complications Following THR

30-Day Readmission 30-Day Pneumonia 1-Year Mortality

HR (95% CI)
�

P Value HR (95% CI) P Value HR (95% CI) P Value

COPD 1.43 (1.03,1.99) 0.032 1.55 (1.03,2.32) 0.032 1.74 (1.06,2.86) 0.029
Age 1.56 (1.05,2.32) 0.029 7.43 (1.80,30.66) 0.006 5.73 (2.03,16.19) 0.001
Sex � � 2.64 (1.83,3.82) <0.001 2.47 (1.55,3.93) <0.001
HTN 1.16 (0.86,1.56) 0.346 0.81 (0.55,1.20) 0.295 1.30 (0.78,2.17) 0.316
CVD 1.49 (1.03,2.15) 0.037 2.26 (1.48,3.44) <0.001 � �
CVA 1.44 (1.07,1.94) 0.015 4.26 (2.93,6.17) <0.001 1.50 (0.91,2.41) 0.096
CKD 1.66 (1.17,2.35) 0.005 � � 1.60 (0.91,2.82) 0.100
Diabetes 1.39 (1.05,1.86) 0.024 1.22 (0.84,1.79) 0.301 1.54 (0.95,2.47) 0.078

CI¼ confidence interval; CKD¼ chronic kidney disease; COPD¼ chronic obstructive pulmonary disease; CVA¼ cerebrovascular Accident;
; TH
ed a
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previous study.13 The most common comorbidities in the COPD
group were hypertension, followed by diabetes and cerebro-
vascular disease. Medical comorbidities were common among
the COPD patients in our study, and their prevalences were
higher than those reported in another study.14

COPD and Wound Infection
In our study, the percentage of patients who developed

wound infection was 2.6% to 3.9% after undergoing hip repla-
cement. The wound infection rate was higher in our study than
that found in a previous retrospective study that used a Medicare
database of patients identified between 1991 and 2008; that
study found that the infection rate of hip replacement was about
1% in adults �65 years of age. In that study, wound infections
were those evaluated during the index hospital stay and those
requiring readmissions in the primary or revision total hip
arthroplasty cohort.13 In our study, wound infections were those
assessed not only during the hospitalization period but also
during outpatient treatment. The high rate of wound infection
was probably because of the less stringent inclusion criteria in
our study than those in the previous study.

Earlier studies have reported that risk factors for prosthetic
joint infection included National Nosocomial Infection Surveil-
lance System risk scores of 1 or 2, previous native joint infection
or arthroplasty, surgical site infection, malignancy history,
advanced age, diabetes mellitus, obesity, poor nutrition, skin
disease, and pre-existing joint disease.15–17 Our findings
suggest that COPD is not associated with an increased risk
of prosthetic hip joint infection.

COPD and Readmission
Readmission to the hospital after an operation, including

THR, increases medical expenditures and is an undesirable
outcome. A previous study used administrative data to identify
hospital readmissions occurring �90 days of discharge after
THR. Primary THR was associated with a 5% unplanned
readmission rate at 90 days in the general population, and
the risk factors included the type of procedure, hospital stay
>5 days, cardiac valvular disease, diabetes with end-organ
complications, and substance abuse.18 Other studies have

CVD¼ cardiovascular disease; HR¼ hazard ratio; HTN¼ hypertension�
Risk factors with P value< 0.05 in the univariate analysis were us
shown that the factors associated with readmission in general
medical patients included inpatient use of narcotics or corti-
costeroids and conditions affecting major organ systems,
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including COPD and systemic conditions (coagulopathy, body
weight loss, anemia, and fluid and electrolyte imbalance).19,20

In our study, we found that the rates for readmission and
postoperative pneumonia were higher in the patients with
COPD than in the patients without COPD after THR, which
suggests that physicians should pay greater attention to post-
operative care of patients with COPD after THR.

COPD and Complications After THR
The actual risk of myocardial infarction after THR is a

matter of debate. From a retrospective, nationwide cohort study
in Denmark, the risk of acute myocardial infarction increased
about 25-fold in patients who underwent THR relative to the
risk in the controls in the first 2 postoperative weeks, and the
risk was about 5-fold at 2 to 6 weeks after THR.21 Another study
showed that the risk of acute myocardial infarction did not
increase within 1 year after THR relative to that of controls and
there was no significant difference in the rates after 1 year
between the THR patients and controls.22 The increased risk of
myocardial infarction after THR may be related to thromboem-
bolism or hemodynamic change during the surgical procedure
or to arrhythmias and hypoxia during anesthesia.23,24 In our
study, only 1 patient had a myocardial infarction after THR. The
possible reasons for the low risk of myocardial infarction in our
study were the low incidence of venous thromboembolism after
operation in Asian populations25 and that the surgeon may have
selected patients who were healthy enough to receive THR.

COPD places a patient at risk of developing pneumonia
and is one of the most common comorbidities in pneumonia
patients. Pneumonia is a serious condition and increases the risk
of respiratory failure in patients with COPD and leads to higher
mortality in these patients than that in those without COPD.26

Our study also demonstrated that the patients with COPD had a
higher risk of postoperative pneumonia after THR than those
without COPD did, and there was also significant difference in
the risk of acute respiratory failure. Patients with COPD have a
higher risk of pneumonia and acute respiratory failure after
THR, so chest care after surgery to reduce the risk of pneumonia
is important in these patients.

R¼ total hip replacement.
s adjusted covariates in the multivariate Cox regression.
COPD and Thromboembolism After THR
The risk of thromboembolism is high in patients under-

going orthopedic surgery, and a greater risk of mortality was

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



reported previously. A prospective study based on clinical and

FIGURE 2. Cumulative incidence rates of complications as shown
by (A) 30-day readmissions, (B) development of pneumonia within
30 days, and (C) 1-year mortality in patients with and without
chronic obstructive pulmonary disease (COPD) after receiving total
hip replacement. Significant differences in the complication risks
between the 2 groups are shown by the log-rank test. The cumu-
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found among patients with pulmonary embolisms.27,28 Many
studies have shown the high prevalence of venous thromboem-

lative incidence curves show that the patients with COPD had a
higher incidence rate than those without COPD did.
bolism, including deep vein thrombosis and pulmonary embo-
lism, in patients with COPD and acute exacerbations,29–31 but
venous thromboembolism is less likely to occur in Asian

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
countries than in Western countries, not only during hospital-
ization but also after orthopedic surgery.32 The mechanism for
this phenomenon is not clear and requires further investigation.
In our studies, the risk of venous thromboembolism has been
very low after THR in patients with COPD (data not shown) and
was comparable to the risk shown in previous studies, which
suggests a lower risk of venous thromboembolism in Asian
patients even after high-risk orthopedic surgery.

COPD and Mortality After THR
In our study, the mortality rate at 90 days after THR was

between 1.3 and 1.8%, and there was no significant difference in
the rates between the patients with or without COPD. These
results differed from those in another study in which the inpatient
mortality risk at 90 days was 18.3% after hemiarthroplasty for hip
fracture in patients with advanced age (�85 years) and the 90-day
mortality for patients aged 65 to 84 years was 9.8%.33 Old age and
multiple comorbidities increase the risk of poor outcomes after
THR. Many retrospective studies have demonstrated that age was
an independent risk factor for higher mortality rates after THR for
a period of 1 year from the date of operation.34–37

We found that the 1-year mortality rate was higher in
patients with COPD after THR than in those without COPD.
COPD may have an important role in long-term outcomes of
patient who have undergone THR. Further interventions,
including medication and rehabilitation, that focus on patients
with COPD may help reduce morbidity and improve survival.

Limitations
There were some limitations in our study. First, we had no

information about the severity of osteoporosis. Second, we also
lacked laboratory data, including pulmonary function and dys-
pnea scale values. Although disease severity was not classified,
we generally assessed postoperative complications during long-
term follow-up of patients with COPD, results that have not been

Complications Following THR in Patients With COPD
laboratory data would be necessary to verify the effect of disease
severity on long-term prognosis after THR in patients with COPD.

CONCLUSIONS
This longitudinal analysis of national administrative data

showed a number of complications and outcomes in patients with
COPD after THR. Our study provides important information to
healthcare professionals given that THR is a common orthopedic
procedure, the incidence of COPD increases rapidly with age.

In our study, we found that the rates for readmission and
postoperative pneumonia and the 1-year mortality rate were
higher in the patients with COPD than in the patients without

COPD after THR. It is important for caregivers to reduce the
risk of developing pneumonia in patients with COPD. Further
study on reducing long-term mortality after THR is needed.
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