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Risks of all-cause and site-specific fractures
among hospitalized patients with COPD

Kuang-Ming Liao, MD?, Fu-Wen Liang, PhD®, Chung-Yi Li, PhD®°"

Abstract \
Patients with chronic obstructive pulmonary disease (COPD) have a high prevalence of osteoporosis. The clinical sequel of |
osteoporosis is fracture. Patients with COPD who experience a fracture also have increased morbidity and mortality. Currently,
the types of all-cause and site-specific fracture among patients with COPD are unknown. Thus, we elucidated the all-cause and
site-specific fractures among patients with COPD.

A retrospective, population-based, cohort study was conducted utilizing the Taiwan Longitudinal Health Insurance Database.

Patients with COPD were defined as those who were hospitalized with an International Classification of Diseases, Ninth Revision,
Clinical Modification code of 490 to 492 or 496 between 2001 and 2011. The index date was set as the date of discharge. The study
patients were followed from the index date to the date when they sought care for any type of fracture, date of death, date of health
insurance policy termination, or the last day of 2013. The types of fracture analyzed in this study included vertebral, rib, humeral, radial
and ulnar/wrist, pelvic, femoral, and tibial and fibular fractures.

The cohort consisted of 11,312 patients with COPD. Among these patients, 1944 experienced fractures. The most common site-
specific fractures were vertebral, femoral, rib, and forearm fractures (radius, ulna, and wrist) at 32.4%, 31%, 12%, and 11.8%,
respectively. The adjusted hazard ratios of fracture were 1.71 [95% confidence interval (95% Cl)=1.56-1.87] for female patient with
COPD and 1.50 (95% Cl=1.39-1.52) for patients with osteoporosis after covariate adjustment.

Vertebral and hip fractures are common among patients with COPD, especially among males with COPD. Many comorbidities
contribute to the high risk of fracture among patients with COPD.

Abbreviations: Cl| = confidence interval, CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease, CVA =
cerebrovascular accident, CVD = cardiovascular disease, DM = diabetes mellitus, HR = hazard ration, LHID = Longitudinal Health
Insurance Database, NHI = National Health Insurance, NHIRD = National Health Insurance Research Database, SD = standard

deviation.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is an obstructive
airway disease that is not fully reversible. Compared with the
general population, patients with COPD have a high prevalence
of osteoporosis,!"! which results from chronic, systemic inflam-
mation, the use of corticosteroids, low body mass, and a
sedentary lifestyle. The clinical sequel of osteoporosis is fracture.
Patients with COPD and fracture experience a decreased quality
of life, increased medical expenditures, increased hospital stay
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durations, and increased mortality.”>?! A previous study

evaluated the prevalence and predictors of vertebral fractures
among patients with COPD."*! In a study using Danish health
care registries, patients with COPD had a 60% to 70% higher
risk of death following hip fracture than patients without COPD.
Furthermore, for patients with COPD and hip fracture, the 1-year
mortality rate increased 3 to 5 times compared with patients
without hip fracture.l’! Thus, this investigation focused on the
outcomes following fracture and the effect of medications on
osteoporosis or fracture!® among patients with COPD. None of
the aforementioned studies evaluated all-cause and site-specific
fractures among patients with COPD, and most studies only
focused on hip or vertebral fractures.

Given the relative paucity of studies regarding the incidence of
fracture and site-specific fracture among patients with COPD,
in the present study, we examined the incidence of site-specific
fracture among patients with COPD.

2. Methods
2.1. Database

This population-based, cohort study utilized the Longitudinal
Health Insurance Database 2005 (LHID200S5), which is a subset
of the National Health Insurance Research Database (NHIRD).
The LHID200S5 includes the medical claims data of two million
beneficiaries randomly selected from the Registry of Beneficiaries
of the NHIRD in 2005. The LHID2005 database consists of all


mailto:cyli99@mail.ncku.edu.tw
http://dx.doi.org/10.1097/MD.0000000000005070

Liao et al. Medicine (2016) 95:40

inpatient and outpatient medical claims from January 2001 to
December 2013. The personal identification numbers of all
selected individuals in the LHID2005 were de-identified to
protect their privacy. This study was approved by the
Institutional Review Board of the Chi Mei medical center
(IRB: 10402-E03).

2.2. Patient identification

Patients with COPD were defined as those who were hospitalized
with an International Classification of Diseases, Ninth Revision,
Clinical Modification code (ICD-9-CM) of 490 to 492 or 496
between 2001 and 2011. If the patient was admitted 2 or more
times during the study period, then only the first-time hospitali-
zation was included in the analysis. The index date was defined as
the date of discharge. Patients with 1 or more medical claims and
a diagnosis of cancer or fracture and patients aged 40 years or
younger before the index date were excluded from the study. The
patients with COPD were then followed from the index date to
the date that care was sought for any type of fracture, date of
death, date of health insurance policy termination, or the last day
of 2013. The types of fracture analyzed in this study included
vertebral fracture (ICD-9-CM: 805, 806), rib fracture (ICD-9-
CM: 807), humeral fracture (ICD-9-CM: 812), radial or ulnar/
wrist fracture (ICD-9-CM: 813, 814), pelvis fracture (ICD-9-
CM: 808), femoral fracture (ICD-9-CM: 820, 821), and tibial or
fibular fracture (ICD-9-CM: 823).

2.3. Covariate definitions

The comorbidities were diagnosed by either 1 outpatient visit or 1
hospitalization within 1 year before the index date. These
comorbidities included cardiovascular disease, cerebrovascular
disease, chronic kidney disease, liver disease, and diabetes. The
oral corticosteroid used within 3 months before the index date
was also recorded.

2.4. Statistical analyses

The comparisons of baseline covariates between the patients with/
without fracture was performed with an independent Student ¢ test
for continuous variables or Pearson x test for categorical variables,
as appropriate. The distributions of various types of fractures
according to the baseline covariates were described with numbers
and percentages. The incidence of all-cause fractures and the
cumulative survival of all-cause fractures were estimated using the
life-table method!” every 2 years (i.e., 0-2, 2—4, 4-6, 6-8, and 8-10)
after the index date. The number of person-years observed during
follow-up was calculated from the index date to the date of inpatient/
outpatient care for fracture, loss of follow-up, death, or the end of the
study (i.e., December 31, 2013). Finally, Cox’s proportional hazard
regression model was utilized to identify any baseline covariates that
may significantly predict the incidence of all-cause fracture.

All statistical analyses were performed using Statistical
Analysis Software (SAS) System, version 9.3 (SAS Institute
Inc., Cary, NC). Statistical significance was defined with a 2-sided
P value <0.05.

3. Results

In total, 35,146 patients were diagnosed with COPD upon
discharge between January 2001 and December 2011. Among
these patients, we excluded patients younger than 40 years (n=
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Characteristics of patients with COPD with and without fractures.

Patients Patients
without fracture with fractures P
Sex <0.001
Male 7025 (75.0) 1158 (59.6)
Female 2343 (25.0) 786 (40.4)
Age, y <0.001
40-54 1034 (11.0) 147 (7.6)
55-64 1332 (14.2) 234 (12.0)
65-74 2449 (26.1) 609 (31.3)
>75 4553 (48.6) 954 (49.1)
Comorbidity
Cardiovascular disease 2443 (26.1) 469 (24.1) 0.073
Cerebrovascular disease 3244 (34.6) 507 (26.1) <0.001
Chronic kidney disease 1230 (13.1) 197 (10.1) <0.001
Liver disease 960 (10.2) 211 (10.9) 0.425
Diabetes 2771 (29. 6) 513 (26.4) 0.005
Osteoporosis 336 (3.6 136 (7.0) <0.001
Medication
Steroid use 4780 (51.0) 1004 (51.6) 0.618
Urbanization status 0.005
Urban area 3887 (41.5) 774 (39.8)
Suburban area 2580 (27.5) 496 (25.5)
Rural area 2901 (31.0) 674 (34.7)
Median follow-up time 3.63 (1.5-6.72) 2.57 (1.08-4.92)
(v, 10R)

IQR = interquartile range.

2803), patients with malignant diseases (n=13,311), and
patients with a fracture history (n=9801). The final cohort
consisted of 11,312 patients. The study population was male
dominated (68.05%). More than 74% of the patients were older
than 65 years. Table 1 presents the distributions of patient
characteristics and selected comorbidities among the 11,312
patients with COPD. Notably, 9368 patients with COPD did not
have a fracture, and 48.6% of them were more than 75 years of
age. In total, 1944 patients with COPD also had a fracture, and
49.1% of them were more than 75 years of age.

The prevalence of a history of cerebrovascular disease,
diabetes, and cardiovascular disease was 34.6%, 29.6%, and
26.1%, respectively, among the patients with COPD and no
fractures. The prevalence of a history of cerebrovascular disease,
chronic kidney disease, and diabetes was higher among patients
with COPD and no fractures than patients with fractures. The
median follow-up time was 3.63 years among patients with
COPD and no fractures and 2.57 years among patients with
COPD and fracture. The percentage of patients treated with an
oral corticosteroid within 1 year before the index date was 51%
(similar in both groups).

During the study period, 1944 patients with COPD experi-
enced fractures. Table 2 presents the types of fracture among the
patients according to selected baseline covariates. The most
common types of fracture (in a descending order) included
vertebral, femoral, rib, and forearm fractures (radius, ulna, and
wrist) occurring in 32.4%, 31%, 12%, and 11.8% of patients,
respectively. Among men, the most common sites for bone
fractures occurred at the vertebra, rib, femur, tibia, and fibula.
Forearm fractures (radius, ulna, and wrist) occurred mostly
among women. Aging-associated fractures were most frequently
observed at the vertebra, rib, humerus, forearm, and femur.
Figure 1 presents Kaplan—-Meier survival curve for the unadjusted
cumulative fracture-free survival by age group. Figure 2
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Site-specific fractures among patients with COPD.

Vertebra Rib Pelvis Humerus Radius, ulna/wrist Femur Tibia/fibula

Number (%) 629 (32.4) 234 (12 26 (1.3) 129 (6.6) 230 (11.8) 603 (31) 93 (4.8)
Sex

Male 361 (57.4) 178 (76.1) 9 (34.6) 59 (45.7) 99 (43) 388 (64.3) 64 (68.8)

Female 268 (42.6) 56 (23.9) 17 (65.4) 70 (54.3) 131 (57) 215 (35.7) 29 (31.2)
Age, y

40-54 2 (3.5) 40 (17.1) 6 (23.1) 8 (6.2 33 (14.3) 22 (3.6) 16 (17.2)

55-64 (10 3 45 (19.2) 0(0) 24 (18.6) 39 (17) 40 (6.6) 21 (22.6)

65-74 206 (32.8) 73 (31.2) 10 (38.5) 41 (31.8) 76 (33) 170 (28.2) 33 (35.5)

>75 336 (53.4) 76 (32.5) 10 (38.5) 56 (43.4) 82 (35.7) 371 (61.5) 23 (24.7)
Comorbidity

Cardiovascular disease 181 (28.8) 50 (21.4) 8 (30.8) 30 (23.2) 45 (19.6) 141 (23.4) 14 (15.1)

Cerebrovascular disease 133 (21.1) 49 (20.9) 3(11.5 37 (28.7) 60 (26.1) 207 (34.3) 18 (19.4)

Chronic kidney disease 66 (10.5) 21 (9.0) 3(11.5) 14 (10.9) 17 (7.4) 66 (10,9 10 (10.8)

Liver disease 19.7) 35 (15) 4 (15.4) 11 (8.5) 30 (13) 8 (9.6) 12 (12.9)

Diabetes 154 (24.5) 52 (22.2) 11 (42.3) 42 (32.6) 58 (25.2) 166 (27.5) 30 (32.3)

Dementia 23 (3.7) 71 3(11.5) 13 (10.1) 6 (2.6) 52 (8.6) 4 (4.3)

Steroid use 333 (52.9) 120 (51.3) 11 (42.3) 64 (49.6) 130 (56.5) 304 (50.4) 42 (45.2)
Urbanization status

Urban area 266 (42.3) 88 (37.6) 12 (46.2) 49 (38) 87 (37.8) 231 (38.3) 41 (44.1)

Suburban area 160 (25.4) 59 (25.2) 3(11.5) 31 (24) 58 (25.2) 163 (27) 22 (23.7)

Rural area 203 (32.3) 87 (37.2) 11 (42.3) 49 (38) 85 (37) 209 (34.7) 30 (32.3)
represents Kaplan—-Meier survival curve for the unadjusted (AHR)=2.74, 95% confidence interval (CI)=2.29-3.27]. We

cumulative fracture-free survival by sex.

Table 3 presents the follow-up period-specific cumulative
incidence rates for all-cause fractures among patients with
COPD. The incidence rate of all-cause fractures remained stable
throughout the 10-year follow-up.

Table 4 presents the hazard ratios (HRs) for fractures according to
the baseline characteristics of the study. A significantly increased HR
was observed for females, patients in the old age group (>65 years
old), patient living in urban or suburban area, and patients with
comorbidity of osteoporosis. The adjusted HR for fractures was
highest among patients aged >75 years [adjusted hazard ratio

observed no significant differences regarding the comorbidities of
cardiovascular disease, cerebrovascular disease, chronic kidney
disease, liver disease, and diabetes. The adjusted HRs for fractures
were 1.50 (95% CI=1.25-1.78) for patients with osteoporosis.

4. Discussion

To our knowledge, this report represents the first nationwide
study to investigate all-cause and site-specific fractures among
patients with COPD. In our study, the most common sites of
fracture among patients with COPD were the vertebra and femur
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Figure 1. Kaplan—-Meier plot showing unadjusted cumulative fracture-free
survival by age group.
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Figure 2. Kaplan-Meier plot showing unadjusted cumulative fracture-free
survival by sex.
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Follow-up period-specific incidence rates of all-cause fractures among patients with COPD.

Rate of fracture Cumulative fracture-free survival

Period, y Patients number No. of events
Al
0-2 9940 815
2-4 6592 498
4-6 4165 291
6-8 2571 191
8-10 1420 101
Age 40-54 y
0-2 1125 49
2-4 907 42
4-6 665 17
6-8 484 17
8-10 313 18
Age 55-64 y
0-2 1460 83
2-4 1111 50
4-6 780 43
6-8 526 29
8-10 325 18
Age 65-74 y
0-2 2793 207
2-4 2026 160
4-6 1357 106
6-8 864 79
8-10 475 40
Age >75y
0-2 4562 476
2-4 2548 246
4-6 1364 125
6-8 697 66
8-10 308 25

0.082 0.918
0.076 0.849
0.070 0.789
0.074 0.731
0.071 0.679
0.044 0.956
0.046 0.912
0.026 0.889
0.035 0.858
0.058 0.808
0.057 0.943
0.045 0.901
0.055 0.851
0.055 0.804
0.055 0.760
0.074 0.926
0.079 0.853
0.078 0.786
0.091 0.714
0.084 0.654
0.104 0.896
0.097 0.809
0.092 0.735
0.095 0.665
0.081 0.611

Hazard ratios for fractures according to the baseline character-
istics of the study subjects.

Crude HR (95% Cl)

AHR" (95% CI)

Sex
Male (ref.) 1.0 1.0
Female 1.77 (1.62-1.94) 1.71 (1.56-1.87)
Age, y
40-54 (ref) 1.0 1.0
55-64 1.35 (1.10-1.65) 1.36 (1.11-1.67)
65-74 2.02 (1.69-2.42) 2.06 (1.71-2.47)
>75 2.66 (2.66-3.16) 2.74 (2.29-3.27)
Urbanization status
Rural area (ref.) 1.0 1.0
Urban area 0.87 (0.79-0.97) 0.86 (0.78-0.96)
Suburban area 0.86 (0.76-0.96) 0.87 (0.77-0.98)
Comorbidities
Cardiovascular disease 1.13 (1.02-1.26) 0.97 (0.87-1.08)
Cerebrovascular disease 1.00 (0.91-1.11) 0.98 (0.89-1.09)
Chronic kidney disease 1.09 (0.94-1.27) 1.10 (0.95-1.27)
Liver disease 0.99 (0.86-1.14) 1.01 (0.87-1.18)
Diabetes 1.02 (0.92-1.13) 0.94 (0.84-1.04)
(Osteoporosis 1.82 (1.53-2.17) 1.50 (1.25-1.78)

Cl=confidence interval, HR=hazard ratio.

Based on a Cox proportional hazard regression model adjusted for age, sex, urbanization status,
cardiovascular disease, cerebrovascular disease, chronic kidney disease, liver disease, diabetes,
osteoporosis, and steroid use.

(32.5% and 31%, respectively). Female patients with COPD had
a higher risk of fracture than male patients with COPD (AHR =
1.71, 95% CI=1.56-1.87). Age significantly affected the
incidence of fracture. The incidences of fracture were more than
2-fold among patients aged 65 to 74 and 75 years and older.

4.1. Fractures among patients with COPD

Female patients had a 71% higher incidence of fracture than male
patients (AHR=1.71, 95% CI=1.56-1.87). Regarding the age
distribution of patients with COPD and fracture, nearly 50% of
fractures occurred in the group aged 75 years and older. Our
results are similar to those of Majumdar et al.”*! Among 22
COPD patients with moderate-to-severe vertebral fractures, 55%
were >75 years old. According to our previous work,!®! the mean
age at the time of total hip arthroplasty for a femur fracture in the
COPD group was approximately 75 years of age. Age is an
important risk factor for fracture, and it is not surprising that the
incidence of fracture increased with age. Among patients aged
less than 64 years, we observed no significant difference in the
risk of fracture between patients with and without COPD.

4.2. COPD and vertebral fracture

McEvoy et al® surveyed lateral lumbar and thoracic radiographs
to evaluate the presence of vertebral fractures in male COPD
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patients >50 years of age. The percentage of COPD patients with
at least 1 lumbar or thoracic spine fracture ranged from 48.7%
among patients who never used a steroid to 63.3% among
systemic steroid users. In our study, we enrolled patients with
COPD >40 years of age (although we could not assess smoking
history or pulmonary function tests). Vertebral fractures
accounted for 32.4% of the fractures among COPD patients,
and males accounted for 57.4% of vertebral fractures. The low
proportion rate of vertebral fractures in our study was because
our cohort consisted of patients with less severe fractures and a
younger population. In our study, we included patients with
COPD who were older than 40 years, regardless of their disease
severity. Our results are similar to those from the study by
Papaioannou et al'®! who evaluated 127 COPD patients with
ICD-9 codes and compared those patients with 127 gender- and
age-matched controls. The authors recorded a vertebral fracture
prevalence of 26.8%.

The authors performed the study with a small group of COPD
patients from an acute care hospital in 1999, and a large
proportion of the patients were treated with oral (74.7%)
corticosteroids. In our study, a smaller proportion (53%) of the
COPD population was treated with an oral corticosteroid.

4.3. COPD and femur fracture

COPD was observed in 47% of the patients with hip fractures
and was associated with an increased risk for morbidity and
mortality." To our knowledge, the exact prevalence of hip
fracture among patients with COPD has not been studied. The
prevalence of femoral fracture among patients with COPD was
31%, and femoral fracture was the second most common type of
fracture (following vertebral fractures). Femoral fracture was
common among patients with COPD, especially among males
who accounted for 64.3%. Huang et al'* also used the NHIRD
to survey 16,239 patients with COPD; the hip fracture incidences
were 649 per 100,000 person-years among patients with COPD
and 369 per 100,000 person-years among patients without
COPD. The adjusted HR was 1.57. The authors reported the
incidence of hip fracture. We extended their findings and focused
on the prevalence of all types of fractures among patients with
COPD.

4.4. Cardiovascular disease and fracture

There are many risk factors for fracture.l'>'*! Sennerby et all'®!
used the registry data from 31,936 enrolled Swedish twins and
found that cardiovascular disease was significantly associated
with risk of subsequent hip fracture. Genetic factors may play a
role in the development of cardiovascular disease and osteopo-
rotic fractures. In addition, Sennerby et al'”! performed a
population-based case—control study among women and dem-
onstrated that cardiovascular disease increased the risk of hip
fracture among women. Cardiovascular disease and osteoporotic
fractures may have common pathological pathways.

4.5. Cerebrovascular disease and fracture

The musculoskeletal system and central nervous system interact
with each other. Both bone and brain diseases can result in
osteoporotic fractures.'®! Patients with cerebrovascular disease
may have decreased bone mineral density resulting from
immobilization-induced increased bone resorption.!'??% Patients
who had a stroke had a 10% risk of fracture after 5 years.*!!
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Early recognition and treatment of poststroke fractures is
important for patients with COPD and the general population.

4.6. CKD and fracture

In our previous study,??! COPD increased the risk of chronic
kidney disease. COPD patients have a higher risk of developing
chronic kidney disease than subjects without COPD. This finding
may be due to a systemic inflammation response. The incidence
and prevalence of COPD is rapidly increasing worldwide. Due to
its association with aging, the prevalence of COPD is expected to
increase in the coming years. Because of the high prevalence of
both COPD and chronic kidney disease among older adults, it is
important to public health to evaluate the fracture risk in this
population. Patients with chronic kidney disease are character-
ized by alterations in bone, mineral metabolism, and abnormal
hormones. Kidney dysfunction results in an overproduction of
parathyroid hormone, deficiency of activated vitamin D, hyper-
phosphatemia, hypocalcemia, and premature hypogonadism.
These changes affect the balance between bone resorption and
bone formation and lead to altered matrix mineralization,
increased osteoclastic bone resorption, impaired bone strength,
decreased bone mass, deteriorated bone quality, and increased
susceptibility to fracture.!*?!

4.7. Diabetes and fracture

Previous studies have reviewed the association between type 2
diabetes mellitus and fracture. Patients with diabetes may
experience retinopathy and may also have an increased risk of
falling and consequent fracture. Nephropathy results in kidney
dysfunction and alters the balance between electrolytes and
hormones. Furthermore, body mass index, changes in the bone
marrow microenvironment, and thiazolidinedione treatment are
associated with bone loss and diminished bone formation, which
also increases the risk of fracture.

Similar to patients with COPD, patients with diabetes have
systemic inflammation, and the formation of advanced glycation
end products may change bone remodeling.”* COPD and
diabetes have similar pathophysiological processes that give rise
to disease with systemic and local inflammation, oxidative stress,
hypoxemia, or hyperglycemia.**!

4.8. Limitations and strengths

There were some limitations to our study. First, we could not
assess the history of smoking, lung function test, or COPD
severity from the database. Smokers have an increased likelihood
of fracturing their hips and the excess risk increases with age:
17% at age 60 years, 41% at age 70 years, and 71% at age
80 years.”®! Otherwise, people who have smoked can double the
risk of vertebral fractures.*”! Reduction of pulmonary function
was associated with clinical and radiological measures of severity
of spinal fractures.”®! Majumdar et al recruited patients with
COPD acute exacerbation presenting at 3 Canadian emergency
departments found that pulmonary function tests tended to be
worse among patients with vertebral fracture and patients with
vertebral fracture tended to have more severe disease according to
history or spirometry./*! Second, we also had no information
regarding the severity of osteoporosis. This nationwide, retro-
spective study represents all-cause and site-specific fractures
among patients with COPD, regardless of COPD disease severity
and osteoporosis. Third, because the most patients were elderly,
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and had comorbidities, they were most likely on medication other
than steroids (e.g., proton pump inhibitors, thyroid hormone
replacement drugs, etc) that may also contribute toward an
increased risk of osteoporosis. Finally, because our database
lacks information about levels of physical activity, body mass
index, or smoking habits, we included no data on levels of
physical activity, body mass index, or smoking habits of the
cohort of patients, which are all factors that may bias results,
independently of COPD. This national study included a large
number of participants and is the first study to address the
incidence of fracture at all sites among patients with COPD.

5. Conclusion

Vertebral and hip fractures are common among patients with
COPD, especially among males with COPD. COPD is a chronic
and systemic inflammation disease. Multiple comorbidities often
coexist and common among COPD patients and can contribute
to the pathogenesis of fracture. It is an important issue to prompt
detect and treatment of osteoporosis and comorbid illnesses
contributing to fracture in patients with COPD.
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