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Abstract

In individuals with chronic obstructive pulmonary disease (COPD), the presence of comorbidities
is associated with increased mortality risk. We wanted to study the association between bone
mineral density (BMD) and mortality among individuals with COPD in a population-based cohort
study. Participants were recruited from the second (1995-97) and third (2006—-08) surveys of the
HUNT Study and followed until February 2019. Hip and forearm BMD were included as
continuous T-scores or categorized according to WHO criteria (normal, osteopenia, and
osteoporosis). Hazard ratios with 95% confidence intervals were estimated by multivariable Cox
regression models. In total, 2076 and 3239 participants were identified as having COPD by
FEV1/FVC below lower limit of normal (LLN) or < 0.70, respectively, according to Global Lung
Initiative (GLI) and Global Initiative for Chronic Obstructive Lung Disease (GOLD). The
prevalence of osteoporosis was 15.7% vs. 16.6% in the GLI-COPD vs. GOLD-COPD cohorts.
Mean follow-up was 12.7 and 11.9 years. Lower T-scores were associated with a 5% (95% CI
1.01-1.09) and 4% (95% CI 1.00-1.08) increased mortality in the GLI-COPD and GOLD-COPD
cohorts, respectively. However, the presence of osteoporosis (T <-2.5), compared to normal BMD,
was not associated with mortality in neither GLI-COPD (HR 1.13, 95% CI1 0.91-1.41) nor GOLD-
COPD cohorts (HR 1.22,95% CI10.99-1.51). Thus, a small positive association was found between
decreasing BMD T-score and mortality in both GLI-COPD and GOLD-COPD. However,
osteoporosis as defined by WHO was not associated with mortality, probably due to loss of power

upon categorization.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow
obstruction and contributes to morbidity and mortality for individuals, and high costs for the
society [1]. Increasing life span, lifestyle and environmental factors have contributed to increasing
incidence and prevalence of COPD worldwide, with an estimated global prevalence of 11.7% in

adults >30 years in 2010 [2] and a prevalence of 14.8% in Norwegians >40 years in 2006-08 [3].

Comorbidities contribute to symptom burden and prognosis in persons with COPD [4]. A common
comorbidity is osteoporosis [5], which is characterized by reduced bone strength and increased
fracture risk. Due to methodological differences, the worldwide prevalence of osteoporosis is
difficult to determine, but the overall prevalence in the United States among adults 50 years and
older was 10.3% in 2010 [6]. Individuals with COPD have a 1.5-2-fold increased risk of
osteoporosis [7], and a recent meta-analysis found a pooled global prevalence of osteoporosis in
COPD to be 38% (95% ClI, 34-43)[8] Shared risk factors and an interplay between compounding
elements of the two diseases may partly explain the high prevalence [9]. Osteoporosis is an
important risk factor for fractures, but the fracture risk in osteoporosis is increased beyond
measured bone mineral density (BMD) due to reduced bone quality and altered bone metabolism
[7]. Vertebral fractures add a restrictive component to COPD [10], and hip fractures increase the
risk for subsequent fractures and mortality [7]. In women , but not in men, low BMD was found
to account for a large proportion of post fracture mortality risk [11]. Few studies have addressed
potential associations between BMD and mortality in COPD, but an association between BMD
and COPD mortality has been reported by Campos-Obando et al and Looker [12, 13]. Thus, we
aimed to examine the association of BMD and osteoporosis with all-cause mortality in individuals

with COPD recruited in a population-based study.

Materials and methods

Design

This cohort study includes participants with COPD from the second (HUNT2, 1995-97) and third
survey (HUNT3, 2006—08) of the population-based HUNT Study in Norway. Comprehensive data
on lifestyle and diseases were collected through questionnaires, interviews and clinical

measurement [14].



Study population

Among 78 962 individuals participating in HUNT2 and/or HUNT3 (69.2% and 54.0% of those
invited, respectively), random samples of all participants (5% in HUNT2 and 10% in HUNT3), in
addition to participants reporting attacks of wheezing or breathlessness during the last 12 months,
use of “asthma’ medication or ever having had asthma, COPD, emphysema or chronic bronchitis
(symptom sample), were invited to the HUNT Lung Study (Figure 1). [14]. In total, 7282 and 8812
individuals aged 40 to 85 years had spirometry measured in HUNT2 and HUNTS3, respectively. A
subset of 1387 participants also performed post-bronchodilator (post-BD) spirometry in HUNT2
20-30 minutes after inhalation of one mg. terbutaline. Among those reporting respiratory
symptoms 2076 participants had forced expiratory volume in one second divided by forced vital
capacity (FEV1/FVC) < 5 percentile (z < —1.645) estimated by the Global Lung Function
Initiative (GLI) software (GLI-COPD) [15], and 3239 participants had FEV1/FVC <0.70 (GOLD-
COPD) [4]. Spirometry was performed according to the 1994 ATS recommendations in HUNT2
[16] and the 2005 ATS-ERS recommendations in HUNT3 [17], and quality control of
measurements were performed [18, 19]. We defined baseline as the earliest participation date in
either HUNT2 or HUNTS3. Data on covariates were assessed at the time of participation. For those

participating in both HUNT2 and HUNTS3, only data from HUNT2 were used.

Osteoporosis

In HUNTS3 bone densitometry of the total hip was performed by dual-energy x-ray absorptiometry
(DXA) (Lunar Prodigy GE Healthcare, Little Chalfont, UK). BMD in g/cm? was also measured at
the distal part of the non-dominant forearm by DTX100 or DTX200 (Osteometer MediTech, Inc,
Hawthorne, CA) in both HUNT2 and HUNT3. The distal forearm region was defined as the area
24 mm. proximal to the site of 8 mm. distance between distal radius and ulna. Methods of
calibration and quality control are described elsewhere [20].

In both sexes, BMD was standardized as T-scores, calculated as observed minus mean BMD
divided by standard deviation (SD) from a healthy female reference population aged 20-39 years
from the HUNT Study [21]. BMD T-score was included in analyses as a continuous variable, but
was also categorized according to the WHO criteria into T-score > —1.0 (normal), —1.0 to 2.5

(osteopenia) and < -2.5 (osteoporosis) [21]. In this study we primarily used total hip DXA



measurements, but without a measurement at this site, forearm BMD was used, as suggested by

The International Society for Clinical Densitometry (ISCD) [22].

All-cause mortality
Data on registry status, including mortality and migration was provided by the National Registry.
We defined time at risk as from the date of entry into the study until date of death or end of

observation (February 1, 2019), whichever came first. There was no loss to follow-up.

Confounders

Based on prior knowledge, potential confounders were identified using directed acyclic graphs
(DAGS). This included age at participation, sex, COPD severity, BMI, tobacco smoking, alcohol
consumption, physical activity, socioeconomic status and comorbidities including ever cancer,
chronic musculoskeletal diseases, chronic diseases affecting activities of daily living (ADL),
diabetes mellitus and cardiovascular disorders. Data on these covariates were collected at baseline,
either by questionnaires or by clinical measurements. Severity of COPD by GLI criteria was
graded using FEV1 in percent of predicted (ppFEV1) calculated by the GLI-2012 software, using
cut-off values by z-scores of >—2 (mild), < —2.5 (moderate), < —3 (severe) and <—4 (very severe)
[15, 23]. Severity of COPD by GOLD criteria was graded using; ppFEV:>80 (GOLD1/mild),
80>ppFEV1>50 (GOLD2/moderate), 50> ppFEV; >30 (GOLD3/severe) or 30> ppFEV;
(GOLD4/very severe)[17]. BMI was calculated in kg/m? and categorized according to the WHO
classification: <18.5 (underweight), 18.5-24.9 (normal range), 25.0-29.9 (overweight) and >30.0
(obese) [24]. Tobacco smoking was categorized as: never-, former- or current smoker. The latter
two categories were subdivided into <10, 10-20 and >20 smoking pack years. Alcohol
consumption was categorized by weekly consumption: low (<14 U.A. for men and <10 U.A. for
women), intermediate (14-21 for men and 10-14 U.A. for women) and high intake (>21 alcohol
units (U.A.) for men and >14 for women). One U.A. was defined as 13 grams of alcohol. Physical
activity was categorized according to hours of self-reported physical activity per week: inactive
(<1 hour light physical activity and no hard activity), low (>1 hour light and <1 hour hard), medium
(1-2 hour of hard regardless of light activity) and high (>3 hour of hard regardless of light activity).
Level of education was used as a proxy measure for socioeconomic status and was categorized

into low (<9 years), medium (10-12 years) and high (> 13 years) based on the question: “What is



your highest level of education?” from HUNT2. Level of education in HUNT3 was assessed using
the occupational classification in HUNT according to the Erikson Goldthorpe Portocarero (EGP)
social class scheme, based on the question “What kind of paid work do you do?”’ [25]. Self-reported
cardiovascular disorders included previous myocardial infarction, angina pectoris and ischemic-/
hemorrhagic brain infarction. We identified participants with hypertension as those answering yes
to prior or current use of antihypertensive medication or having hypertension (defined as >140
and/or >90) upon blood pressure measurements in HUNT2 or HUNT3. Chronic musculoskeletal
diseases included rheumatoid arthritis, spondyloarthritis, osteoarthritis and “other long-term
skeletal or muscular diseases”. Chronic diseases affecting ADL was assessed by the following
question: “Do you suffer from any long-term illness or injury of a physical or psychological nature
that impairs your functioning in your everyday life?”. This variable was included to assess the
impact of unmeasured comorbidities that were not included separately in the model. All variables
on comorbidities were dichotomized to yes/no and included as separate variables in the final
models. The final models were: 1) Baseline model with BMD categorized according to T-score
adjusted for age and sex; 2) Main model with BMD categorized according to T-score adjusted for

all confounders at baseline and 3) Models in 1) and 2) using BMD as a continuous measure.

Statistical analysis

We presented baseline characteristics for categorical variables as proportions and for continuous
variables as means with standard deviation using non-imputed data. All models were run
separately for the GLI and GOLD cohorts. Proportional hazard assumptions were evaluated by
estimation of Schoenfeld residuals and proportional hazards assumption tests. Survival functions
were graphed using restricted cubic splines with three knots, showing change in hazard ratio (HR)
as a function of BMD T-score (Figure 2). Number of knots were determined using Akaike’s- and
Bayesian information criterion. Statistical interactions between main exposure and confounders
were tested, but no significant interactions were identified. Missing data on covariates were
completed using multiple imputation with chained equations, M=20. HRs and 95% confidence
intervals (CI) were calculated comparing all-cause mortality in participants with osteopenia and
osteoporosis to those with normal BMD. When including BMD T-score as a continuous variable,
linearity assumptions of BMD were assessed plotting a Lowess smooth of the Martingale residuals.

Furthermore, the fully adjusted models with and without cubic spline terms were compared by



Wald- and likelihood ratio tests. None of the tests showed deviation from linearity. In additional
sensitivity analyses, cohorts were defined by post-BD spirometry GLI and GOLD cut-off values.
Time of follow-up was used as time-scale, defining the starting point as the participation date in
either HUNT?2 or 3. To assess a potential cohort effect, participation date (HUNT?2 or 3) was added
in the models. Statistical analyses were performed using Stata 15.1 (StataCorp LCC, College
Station, TX, USA).

Ethics
This study was approved by the Regional Committee for Medical and Health Research Ethics
(REC) Central Norway (project no. 2014/1114-1). Participants in the HUNT Study have given

informed, written consent for research on their data and linkage to specific registries.

Results

Descriptive characteristics

In GLI-COPD 66% of the participants were recruited from HUNT2, and 34% from HUNT3. The
corresponding numbers for GOLD-COPD were 54% and 46%, respectively. No cohort effect was

found when adjusting for survey recruitment.

GLI LLN criteria identified 2076 participants with COPD with a mean age of 62.1 years,
contributing to 26 370 person-years of follow-up (median 12.7, maximum 23.4 years). The severity
distribution was as follows: 40.4% had mild, 34.8% moderate, 19.8% severe and 5.1% very severe
airway obstruction. In total, 64.2% had a normal BMD T-score, 20.1% had osteopenia and 15.7%
had osteoporosis. A higher proportion of females had osteopenia or osteoporosis compared to
males. Overall, 24.9% had no comorbidities, 45.6% had one comorbidity, and 29.5% had two or
more comorbidities. The distribution of confounders and comorbidities resembled that of GOLD-
COPD across T-score categories (Table ). Totally, 3239 participants with a mean age of 64.4
years were included in GOLD-COPD, contributing to 38 406 person-years of follow-up (median
11.9, maximum 23.4 years). There were a slightly higher proportion of men in the sample (56.3%),
while there were more women with osteopenia and osteoporosis. The distribution of severity was
30.6% in GOLDI1, 52.8% in GOLD?2, 14.3% in GOLD3 and 2.4% in GOLD4. With GOLD-COPD

definitions there was a slight shift towards a higher prevalence of more severe airway obstruction



compared to GLI-COPD. In GOLD-COPD 61.1% had a normal BMD T-score, 22.4% had
osteopenia and 16.6% had osteoporosis. Overall, 21.1% had no comorbidities, 44.0% had one

comorbidity, and 34.9% had two or more comorbidities.

There were more never-smokers among those with osteoporosis compared to those with T-score
> 2.5, but a larger proportion of participants with osteoporosis had severe or very severe airway
obstruction. Furthermore, participants with osteoporosis had lower BMI, were less physically
active and had shorter education compared to the other groups (7able I). There were 282
participants (92.2%) defined as having osteoporosis by forearm BMD in the GLI cohort, and 416
(93.7%) in the GOLD cohort.

Osteoporosis in association with all-cause mortality

During follow-up 1164 (56%) and 1610 (52%) participants in GLI-COPD and GOLD-COPD died,
including 258 (12.4%) and 393 (12.1%) among those with osteoporosis. Analyses using BMD T-
score as a continuous exposure showed 5% increased mortality per one unit decrease in BMD T-
score (HR 1.05, 95% CI 1.01-1.09) in GLI-COPD, and 4% in the GOLD-COPD (HR 1.04, 95%
CI1.00-1.08) (Table 2). Adjusted survival graphs illustrate the increasing HRs at decreasing levels
of BMD T-score (Figure 2). Sensitivity analyses using HUNT2 post-BD spirometry values showed

similar results as the main analysis (Supplementary File).

In the cohort based on the GLI-COPD definitions for caseness and severity of COPD, the baseline
model gave a HR of 1.24 (95% CI 1.04-1.48) for osteopenia, and a HR of 1.23 (95% CI 1.01-1.50)
for osteoporosis compared to normal BMD. For the adjusted model, HRs were 1.12 (95% C1 0.92-
1.35) for osteopenia and 1.13 (95% CI 0.91-1.41) for osteoporosis (7able 2). In both GLI-COPD
and GOLD-COPD, smoking, COPD severity and age seemed to be the strongest confounders.

In the corresponding analysis using the GOLD COPD criteria for caseness and severity of COPD
we found a HR of 1.08 (95% CI 0.94-1.24) for participants with osteopenia, and a HR of 1.33
(95% CI 1.15-1.53) for participants with osteoporosis compared to those with normal BMD in the
baseline model (7able I). For the adjusted model, HRs were 1.12 (95% CI 0.93-1.34) for
osteopenia and 1.22 (95% C1 0.99-1.51) for osteoporosis (7able 2).

There was no statistical interaction found between the main exposure, sex and mortality, hence

combined models adjusted for sex were chosen. Results from baseline and adjusted models



stratified by sex were calculated and showed the same direction and similar magnitude of effect as

the combined analyses (data not shown).
Discussion

Key results

This prospective cohort study showed a small but significant positive association between
decreasing BMD T-score and mortality in both GLI-COPD and GOLD-COPD, with a clear dose-
response relationship between each unit decrease in T-score and mortality. The association
remained after adjusting for known confounders, including other chronic diseases that might affect
mortality. However, osteoporosis, defined by a T-score below -2,5, was not associated with

mortality.

Categorizing T-score according to pre-defined cut-offs, although clinically meaningful, may have
led to loss of information, obscuring the real association. The risk gradient of fractures increases
continuously as BMD decreases, and in the femoral neck the risk increase is 2.6 times per SD
decrease in total hip BMD [26]. Furthermore, categorization could lead to loss of power, leading
to wider confidence intervals [26]. Minimizing within-category risk variation by using BMD T-
score on a continuous scale could reduce this power loss. To overcome a potential power problem,
we did spline analysis of the fully adjusted models, which largely confirmed this assumption as it
showed an increase in HR with decreasing BMD (Fig. 2). There were minor differences in
mortality between the GOLD-COPD and GLI-COPD cohorts. As these are different models with
a potential healthier reference sample in the GOLD cohort, the estimates cannot be directly

compared.
Comparison with other studies

Among previous studies on mortality in individuals with COPD and osteoporosis [12, 13, 27, 28,
29, 30, 31, 32], only two studies included BMD measurements in the analyses [12, 13]. The
remaining studies examined the association between other measures of bone strength and
mortality, and included participants with moderate-to-severe airway limitation [27, 28, 31], several
of them on patients hospitalized for either fractures or acute COPD exacerbations [27, 29, 30].
Assessment of bone quality was done with a range of methods, spanning from CT-measured bone

attenuation to information obtained retrospectively from health records.



Campos-Obando et al. included 5779 and 2055 subjects from two study cycles of the Rotterdam
study [26]. They found a strong association between BMD and chronic lung disease related
mortality, with 170-200% increased mortality in men, and around 70% increased mortality in
women [12]. In a similar study from NHANESIII including 3275 participants, Looker reported an
38% increased risk of COPD-specific mortality in participants with osteoporosis [13]. All-cause
mortality was not assessed in either of these studies, and both were done on general populations

not restricted to persons with COPD, making them less comparable to our study.

Two studies reported twice the mortality in participants with COPD and vertebral compression
fractures (VCF) compared to those without such fractures [27, 28]. The higher mortality found in
these studies, compared to the current study, likely reflects the inclusion of milder COPD in the
present population-based study, with a mean ppFEV of 70% (GOLD) compared to 33.5% [27]
and 41% [28] in the previous studies. The association between VCF and mortality supports the
theory of the negative biomechanical effects of VCF on the thoracic cavity and a resulting
restriction of lung movement. De Luise et al. found that in a cohort of 11985 patients having

sustained a hip fracture, having COPD increased the risk of mortality by 70% [29].

In a study comparing 1634 COPD subjects from the ECLIPSE cohort with smoking- and non-
smoking controls, Romme et al. did not find an association between decreased bone attenuation of
thoracic vertebrae and all-cause mortality [31]. From the same cohort Miller et al. studied the
association between comorbidities and clinical outcome measures in 2164 COPD patients
compared to smoking- and non-smoking controls. They found that a cumulative number of
comorbidities, including osteoporosis, increased mortality in individuals with COPD, but did not
find osteoporosis itself to contribute to higher mortality [32]. In contrast to the present study, these
studies did not include participants with GOLD grade I [32] or excluded participants with

inflammatory disease, a recent cancer diagnosis or long-term corticosteroid use [31].

Strengths and limitations

The HUNT Study is a large study with a relatively high participation rate and long follow-up time.
The percentage of participation in HUNT2 and HUNT3 for the age group 40-85 years was higher
than for other age groups, constituting 78% and 64% [14]. A non-participation study after HUNT3

found higher prevalence of several chronic diseases among non-responders, including COPD [33].



For the biological association between COPD and osteoporosis, however, attendance should not

affect the estimates

The distribution among GOLD grades found in this study corresponds well to prevalence reported
by other studies [3], indicating that the study sample is representative to a general COPD
population. GOLD guidelines recommend the use of post-BD spirometry for the diagnosis of
COPD [4]. As we had post-BD spirometry data from only half of the participants in the HUNT2
Lung Study, we included pre-BD spirometry measurements to obtain higher statistical power for
the analyses. Use of pre-BD spirometry has been reported to give an overestimation of around 26%
in COPD cases compared to use of post-BD results [34]. However, individuals with more severe
disease are still identified by pre-BD spirometry, and only persons with mild airway obstruction
would potentially be misclassified. Using the presence of respiratory symptoms in addition to
spirometry for diagnosis, as we did in the current study, would reduce the number of misclassified
participants. Furthermore, sensitivity analyses using post-BD spirometry gave HRs similar to the
estimates in the main analysis (Supplementary table), and a clear dose-response relationship was
found when using BMD as a continuous measure, even when adjusting for known confounders,
indicating that for each SD decrease in BMD, a statistically significant increase in mortality was

seen (Table 2).

Several studies have shown that the use of fixed-ratio criteria recommended by GOLD for
diagnosis of COPD underestimates the prevalence in younger age groups, and overestimates the
prevalence in the older age groups [35]. ATS and ERS have therefore recommended that LLN
criteria should be used in the diagnosis of COPD [36]. In this study COPD cohorts have been
defined according to both diagnostic criteria to increase knowledge of influence by comorbidities

for COPD defined by different criteria.

Scandinavian countries have a high prevalence of osteoporosis and osteoporotic fractures [37].
The reason for this is debated but could rely on genetic factors in addition to lack of sun exposure
during the autumn and winter season. This could decrease the external validity of our finding
towards other ethnic groups. The WHO international reference standard for osteoporosis is based
on total hip T-scores. In this study forearm BMD was used in participants without hip densitometry

data. Some studies show that the use of forearm densitometry tends to overestimate the prevalence



of osteoporosis [38]. To adjust for this, site of measurement was included in the model, and this

did not change the estimates (data not shown).

Due to practical and geographical purposes, participants selected for spirometry in small
municipalities had to return to do the measurements some weeks later, resulting in a loss of around
20%. This might lead to selection bias but with small magnitude, as this is a pre-selected group
largely constituted by individuals already reporting chronic airway symptoms or a known
diagnosis of obstructive lung disease. A relatively high level of non-participation in the bone
densitometry sub-study was due to lack of personnel resources at the field stations rather than

factors related to participants.

Conclusion

Individuals with COPD are at increased risk of osteoporosis due to shared risk factors and disease
compounding. Both conditions benefit from secondary preventive strategies such as smoking

cessation and increased physical activity, and medical treatment exist for established disease.

We found a small positive association between decreasing BMD T-score and mortality in both
GLI-COPD and GOLD-COPD. However, osteoporosis as defined by WHO was not associated
with mortality, probably due to loss of power upon categorization. Future studies including patient-

centered outcomes could add further value to these findings.
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