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Background: Multimorbidity plays an important role in chronic obstructive pulmonary disease (COPD) but is also a feature of 
ageing. We estimated to what extent increases in the prevalence of multimorbidity over time are attributable to COPD progression 
compared to increasing patient age.
Methods: Patients with COPD from the long-term COSYCONET (COPD and Systemic Consequences - Comorbidities Network) 
cohort with four follow-up visits were included in this analysis. At each visit, symptoms, exacerbation history, quality of life and lung 
function were assessed, along with the comorbidities heart failure (HF), coronary artery disease (CAD), peripheral arterial disease 
(PAD), hypertension, sleep apnea, diabetes mellitus, hyperlipidemia, hyperuricemia and osteoporosis. Using longitudinal logistic 
regression analysis, we determined what proportion of the increase in the prevalence of comorbidities could be attributed to patients’ 
age or to the progression of COPD over visits.
Results: Of 2030 patients at baseline, 878 completed four follow-up visits (up to 4.5 years). CAD prevalence increased over time, 
with similar effects attributable to the 4.5-year follow-up, used as indicator of COPD progression, and to a 5-year increase in patients’ 
age. The prevalence of HF, diabetes, hyperlipidemia, hyperuricemia, osteoporosis and sleep apnea showed stronger contributions of 
COPD progression than of age; in contrast, age dominated for hypertension and PAD. There were different relationships to patients’ 
characteristics including BMI and sex. The results were not critically dependent on the duration of COPD prior to enrolment, or the 
inclusion of patients with all four follow-up visits vs those attending only at least one of them.
Conclusion: Analyzing the increasing prevalence of multimorbidity in COPD over time, we separated age-independent contributions, 
probably reflecting intrinsic COPD-related disease progression, from age-dependent contributions. This distinction might be useful for 
the individual assessment of disease progression in COPD.
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Introduction
Multimorbidity is frequent in patients with chronic obstructive pulmonary disease (COPD), and COPD itself is 
a comorbidity of other chronic diseases. Indeed, almost all patients with COPD exhibit at least one other chronic 
disease, the majority several,1–4 and their coexistence plays an important role for health status and prognosis.5 The 
comorbidity spectrum includes cardiovascular, metabolic, endocrine, and inflammatory disorders, often sharing common 
risk factors such as tobacco smoking. In all age groups, comorbid conditions are more frequent in patients with COPD 
than in individuals without.6 However, most of the disorders also become more frequent as age progresses, even in the 
absence of COPD.7

These observations raise the question of how age-related and COPD-related contributions to comorbidities are related 
to each other, and specifically, to what extent their prevalence increases over time due to factors intrinsic to COPD 
progression, compared to those attributable to increasing age. Answering this could improve the evaluation of disease 
progression and help to distinguish potentially treatable contributions arising from the lung disease from contributions 
primarily arising from advanced age.

The present study addressed this question by using longitudinal data from the German COPD cohort COSYCONET 
(COPD and Systemic Consequences - Comorbidities Network).

Materials and Methods
Study Population
COSYCONET is an ongoing, multi-center, long-term observational study focusing on the impact of comorbidities in 
patients with COPD. Details of the design and baseline (Visit 1) data have been previously published.3 Regular follow-up 
visits (Visits 2 to 5) were scheduled at 6, 18, 36 and 54 months after enrolment. In the present analysis, we included 
patients of initial Global Initiative for Chronic Obstructive Lung Disease (GOLD) spirometric grades 1–4,8,9 who 
participated in the four follow-up visits. COSYCONET has been approved by the Ethics Committees of all study 
centers, and all patients provided written informed consent. It was performed in accordance with the declaration of 
Helsinki. ClinicalTrials.gov: NCT01245933.

Assessments
Patients were required to be clinically stable, ie no exacerbation for at least 4 weeks prior to each visit. COPD symptoms 
were determined using the modified Medical Research Council (mMRC) dyspnea scale, while exacerbation risk was 
based on patient-reported exacerbations in the previous year,10 allowing their allocation to GOLD groups A to D.8 To 
indicate increased symptoms, GOLD groups B and D were merged (BD), as were C and D for increased exacerbation 
risk (CD), and each was compared with the complement. For the assessment of quality of life, the visual analog scale 
(VAS) of the EuroQoL 5 dimension (EQ-5D-3L) questionnaire was used. Self-reported, physician-based comorbidities 
were captured using a structured interview.2 They comprised heart failure, coronary artery disease (CAD), peripheral 
artery disease (PAD), hypertension, diabetes mellitus, hyperlipidemia, hyperuricemia, osteoporosis and sleep apnea, the 
latter being chosen due to its known association with cardiovascular disease.11 Post-bronchodilator forced expiratory 
volume in 1 sec (FEV1) was measured following GOLD recommendations,9 using Global Lung Function Initiative (GLI) 
equations to express results as % predicted values.12

Statistical Analysis
For descriptive purposes, mean values and standard deviations (SD), median values, or numbers and percentages are 
given, depending on the type of data and distribution. Generalized linear models with repeated measures design and logit 
link equivalent to longitudinal logistic regression analysis were used to examine the relationship of each comorbidity to 
its predictors. Values of all visits of patients with four follow-up visits were included in the analysis (primary study 
population). Models included the COPD characteristics at each study visit as predictors, as well as four indicator 
variables reflecting the effects of Visits 2–5 relative to Visit 1 that served as reference. The demographic and clinical 
characteristics assessed at each visit comprised age, sex, body mass index (BMI), smoking status (active smoker versus 
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never or ex-smoker), increased exacerbations (GOLD groups CD vs AB), increased symptoms (GOLD BD vs AC), EQ- 
5D-3L VAS and FEV1% predicted.

In the interpretation of the results, we compared the magnitude of the effect at Visit 5 (4.5 years after inclusion) vs baseline, 
as indicator of disease progression, with the magnitude of the effect of a 5-year increase in age. Since both time periods are 
similar, values could be compared. To detect the potential effect of selection bias resulting from loss during follow-up, we 
performed sensitivity analyses comparing the results between the primary study population and the larger population of 
patients having only at least one follow-up visit. Moreover, we compared the age-attributed contribution upon inclusion with 
that of the increase in age over the follow-up period. For this purpose, we repeated the analyses including only the age upon 
inclusion as predictor instead of the increasing age. There was also the possibility that the age-attributed contribution already 
comprised COPD-related factors as patients had a history of COPD prior to enrolment. To account for this, we also repeated 
the analyses with the addition of reported duration of COPD since diagnosis at inclusion as predictor.

P values <0.05 (two-sided) were considered statistically significant. All analyses were performed using procedures 
including GENLIN from the software package IBM SPSS Statistics (Version 26.0.0.0, Armonk, NY, US).

Results
Patients’ Baseline Characteristics
A total of 2741 patients were enrolled in COSYCONET,3 2291 of whom were spirometric GOLD grades 1–4. As would be 
expected for a follow-up study not newly recruiting patients beyond Visit 1, the number of patients attending the visits gradually 
decreased, with complete data on COPD characteristics and comorbidities at Visits 2–5 from 1961, 1683, 1162, and 878 patients, 
respectively. Reasons for drop-out included withdrawal of consent to participate, worsening of disease, and death. As 
a consequence, the primary study population comprised 878 patients, of which 111/437/281/49 were of GOLD grades 1–4. 
Median follow-up times were 0.53, 1.56, 3.06 and 4.55 years at Visits 2–5, respectively. Patients’ baseline demographics and 
COPD characteristics can be found in Table 1, and baseline comorbidities in Table 2. The prevalence of comorbidities increased 
with increasing follow-up duration, although to a varying degree (Figure 1).

Relationship of Age, Demographic, COPD Characteristics and Visit Number to 
Comorbidities
The regression coefficients for the relationship between patient characteristics and comorbidity prevalence are illustrated in 
Figure 2, with the numerical values in Table 3 (further details on confidence intervals are given in Supplemental Table S1).

Table 1 Characteristics of the Primary Study Population at Visit 1

Characteristic Patients  
n = 878

Demographics
Age [y] 63.7 ± 8.2

Sex [m/f] 519 (59.1%)/359 (40.9%)

BMI [kg/m2] 26.7 ± 4.9
Active smoking status 194 (22.1%)

Packyears* 57 ± 34

COPD characteristics
Exacerbations, GOLD C or D [present] 270 (30.8%)

Symptoms, GOLD B or D [present] 332 (37.9%)

VAS of EQ-5D-3L [points] 60.2 ± 19.3
FEV1 [% predicted GLI] 57.4 ± 18.1

Notes: Data are given as mean ± standard deviation, or number (percentage). Groups 
with high symptoms (B or D) or with high exacerbation (C or D) were defined 
according to Global Initiative for Chronic Obstructive Lung Disease criteria; 
*Packyears in smokers and ex-smokers. 
Abbreviations: VAS of EQ-5D-3L, visual analog scale of the EQ-5D-3L questionnaire; 
FEV1, forced expiratory volume in 1 second; GLI, Global Lung Function Initiative.
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Cardiovascular and Respiratory Disease
The prevalence of heart failure increased across the study visits and was also associated with age, although the age effect 
was much smaller than the contribution at Visit 5. There was also an association with quality of life. For CAD, the 
prevalence also increased over the follow-up visits, and there was an association with age, with the age effect similar to 
that of Visit 5. CAD prevalence showed a correlation with male sex and was also was associated with exacerbations and 

Table 2 Comorbidities of the Primary 
Study Population at Visit 1

Comorbidity Patients  
n = 878

Heart failure 41 (4.7%)

CAD 123 (14.0%)
PAD 92 (10.5%)

Hypertension 445 (50.7%)

Sleep apnea 99 (11.3%)
Hyperlipidemia 342 (39.0%)

Diabetes mellitus 86 (9.8%)
Osteoporosis 133 (15.1%)

Hyperuricemia 133 (15.1%)

Notes: Data are given as number (percentage); the 
presence of comorbidities was assessed from patients’ 
reports of physician-based diagnoses. 
Abbreviations: CAD, coronary artery disease; PAD, 
peripheral artery disease.

Figure 1 Prevalence of comorbidities over the study visits 1 to 5, scheduled at enrolment and follow-up after 6, 18, 36 and 54 months, respectively. Data refer to patients 
with all four follow-up visits. 
Abbreviations: CAD, coronary artery disease; PAD, peripheral artery disease.
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symptoms. For PAD, again an increase in prevalence over the study visits was observed, although this was not 
statistically significant, in contrast to the much larger and statistically significant effect of age. In addition, PAD 
prevalence was associated with exacerbations, quality of life, and worsening of lung function. Hypertension prevalence 
also increased over follow-up and was associated with age and male sex, with the effect of age larger than that attributed 
to Visit 5. Similarly, the prevalence of sleep apnea increased over the study visits, and was associated with higher BMI 
and male sex – although not with age.

Metabolic Disease
The prevalence of diabetes mellitus increased over the follow-up period and was associated with age, but the effect of age 
was only about half of that attributable to Visit 5. Prevalence was also positively associated with male sex and increased 
BMI. Similarly, hyperlipidemia prevalence increased over the study period and with age, with the contribution of age 
smaller than that of Visit 5. Prevalence also increased with better lung function. Hyperuricemia became more prevalent 
over the observation period and was associated with higher BMI and male sex. There was a weak, not statistically 
significant relationship with age, the magnitude of which was much smaller than the effect attributed to Visit 5. The 
prevalence of osteoporosis also increased over the study visits, while the association with age was only about one-third of 
that attributed to Visit 5. Prevalence was higher in females.

Sensitivity Analyses
The longitudinal character of the study inevitably led to a reduction in the number of participants over consecutive visits 
with a potential differential loss of severely ill patients. In patients who continued in the study until Visit 5, mean FEV1 

decreased from 57.5 to 53.6% predicted from Visit 1 to Visit 5, indicating a deterioration in lung function that 
corresponded to an average FEV1 decline of 45 mL per year. In the larger population of patients having at least one 
follow-up visit, FEV1% predicted was virtually unchanged over visits, with mean values of 53.3, 53.1, 52.3, 53.0 and 

Figure 2 Results from generalized logistic regression models for the prevalence of comorbidities. Dependent variables are given in the headline and estimated regression 
coefficients in the columns. The effects of age are given per 5 years, of BMI per 5 units, of VAS per 20 units, and of FEV1 per 10% predicted. Scales are different among 
comorbidities. Significance levels are denoted as follows: +p<0.05, ++p<0.01 and +++p<0.001. Data refer to patients with all four follow-up visits, and numerical values are 
given in Table 3 (further details are given in Supplemental Table S1). 
Abbreviations: CAD, coronary artery disease; PAD, peripheral artery disease; HLP, hyperlipidemia; VAS, EQ-5D-3L Visual Analog Scale; FEV1, forced expiratory volume in 
1 second.
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Table 3 Results from Generalized Logistic Models with Repeated-Measures Design and Logit Link

Dependent

Predictor Heart Failure CAD PAD Hypertension Sleep Apnea Hyperlipidemia Diabetes Mellitus Osteoporosis Hyperuricemia

Visit 2 Estimate 0.207 0.016 0.058 0.056 0.140 0.177 0.170 0.071 0.106
p value 0.007 0.461 0.125 0.007 0.001 <0.001 <0.001 0.013 0.002

Visit 3 Estimate 0.333 0.096 0.108 0.104 0.264 0.245 0.250 0.113 0.219
p value 0.002 0.023 0.048 0.001 <0.001 <0.001 <0.001 0.009 <0.001

Visit 4 Estimate 0.526 0.129 0.133 0.134 0.334 0.344 0.314 0.236 0.320
p value <0.001 0.031 0.061 0.002 <0.001 <0.001 <0.001 <0.001 <0.001

Visit 5 Estimate 0.654 0.197 0.152 0.129 0.430 0.380 0.358 0.330 0.454
p value <0.001 0.009 0.075 0.017 <0.001 <0.001 0.001 <0.001 <0.001

Age Estimate 0.255 0.263 0.341 0.216 0.048 0.161 0.172 0.124 0.101
p value 0.001 <0.001 <0.001 <0.001 0.411 <0.001 0.020 0.019 0.059

Female Estimate −0.361 −0.886 −0.218 −0.279 −0.802 −0.067 −0.960 1.295 −1.070
p value 0.209 <0.001 0.307 0.042 <0.001 0.621 <0.001 <0.001 <0.001

BMI Estimate −0.039 0.059 0.053 0.060 0.306 0.055 0.139 −0.013 0.177
p value 0.692 0.359 0.336 0.211 <0.001 0.224 0.013 0.783 0.002

Smoking Estimate −0.121 0.061 0.106 −0.098 −0.013 0.086 −0.124 −0.057 −0.055
p value 0.591 0.581 0.506 0.177 0.925 0.156 0.424 0.523 0.662

Exacerbations Estimate 0.126 0.129 −0.106 0.006 −0.010 0.037 −0.033 0.054 0.048
p value 0.124 0.008 0.018 0.837 0.814 0.285 0.590 0.247 0.298

Symptoms Estimate 0.164 0.105 0.091 0.023 0.067 0.002 −0.030 −0.023 0.062
p value 0.133 0.042 0.098 0.604 0.217 0.967 0.459 0.643 0.207

VAS 
of EQ-5D-3L

Estimate −0.196 −0.030 −0.075 −0.017 −0.052 −0.012 0.056 0.029 −0.020
p value 0.003 0.250 0.024 0.350 0.079 0.588 0.158 0.269 0.535

FEV₁ %predicted Estimate −0.050 0.009 −0.051 −0.005 0.030 0.040 −0.009 −0.024 0.044
p value 0.318 0.709 0.046 0.848 0.280 0.031 0.854 0.346 0.276

Notes: Dependent variables are given in the headline and the results for the set of predictors in the corresponding columns below. Estimates (regression coefficients for logit link), 95% confidence intervals (95% CI) and p values are 
given. The coefficients for visits are relative to the values at visit 1. Odds ratios can be computed by exponentiation (base e) of the coefficients. Exacerbations refer to GOLD CD versus AB, symptoms to GOLD BD versus AC, smoking 
to active versus never or ex-smoker. The other regression coefficients refer to age per 5 years, BMI per 5 kg/m2, VAS per 20 units and FEV1% predicted per 10% change. The results of the table are illustrated in Figure 2. P values of 
statistically significant associations (p<0.05) are marked in bold face. 
Abbreviations: CAD, coronary artery disease; PAD, peripheral artery disease; VAS of EQ-5D-3L, visual analog scale of the EQ-5D 3L questionnaire; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease.
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53.5% predicted at Visits 1–5. When the analyses were repeated using the data from these patients, the pattern of 
correlations was similar to the total population, especially for the relationship between the contributions of a 5-year 
increase in age versus visit 5. The only exception was PAD, in which the effect of age was similar in magnitude to that at 
visit 5.

Replacing age at each visit with the initial age in the regression analyses for the primary study population led to 
virtually the same results as the initial analysis, indicating the importance of the age upon entry. This was confirmed 
when the duration of COPD diagnosis on entry (mean ± SD: 8.0 ± 6.9 years, interquartile range 3, 11 years) was included 
as an additional predictor, which did not alter the magnitude or statistical significance of the contributions of follow-up 
versus age.

Discussion
The present study examined the prevalence of key comorbidities in patients with COPD, together with their changes over 
time, their associations with risk factors, and their mutual relationships. The analysis employed data from a large cohort 
of carefully characterized patients, and involved up to 4.5 years of follow-up. The prevalence of comorbidities increased 
over time and was associated with COPD progression over consecutive visits as well as patients’ age, although these two 
contributions differed markedly between comorbidities. Our analysis for the first time proposes to separate intrinsic, 
COPD-related from age-related factors in terms of the occurrence of comorbidities. This might be helpful in the 
understanding of COPD in the context of multimorbidity as well as the individual assessment of disease progress.

A large number of studies have analyzed the prevalence of comorbidities in COPD, most of cross-sectional 
design.1,2,13,14 In our study, the prevalence of comorbidities at baseline was similar to the values reported in these 
studies, especially that of cardiovascular diseases, suggesting that our data describe a typical COPD cohort. One of the 
previous cross-sectional analyses (conducted by Cazzola et al in an Italian primary care population) compared patients 
with COPD with non-COPD individuals.7 Prevalence values in patients with COPD were similar to our study, while 
those in the non-COPD individuals were lower, indicating an effect of COPD. Furthermore, the prevalence of ischemic 
heart disease and osteoporosis differed between men and women, consistent with our findings.

It is possible that an increase in the prevalence of comorbidities over time may have been partially masked by 
a selection bias due to increasing COPD severity. However, mean FEV1% predicted only slightly decreased over time in 
the primary study population (who attended all follow-up visits), whereas it did not decrease at all in the larger group of 
patients who attended at least one of the visits. This suggests that loss of patients to follow-up occurred in 
a homogeneous manner over time (at least in terms of their COPD severity). The slight discrepancy between the changes 
in prevalence in the raw data (Figure 1) and the adjusted estimates over consecutive visits (Figure 2) suggests that by the 
end of the follow-up there might have been an increased loss of patients due to comorbidities. However, after adjustment 
for changes in COPD characteristics to which comorbidities were linked, this bias seemed secondary, as indicated by the 
steady increase in the strengths of the regression coefficients over the visits in the adjusted results. Moreover, the results 
obtained in the primary population were similar to those obtained in the larger set of patients with at least one follow-up 
visit.

Age is a well-known risk factor for multimorbidity, while COPD mostly occurs in older individuals; thus, it is 
challenging to separate the two contributions. We estimated the contribution from COPD by comparing data collected at 
four follow-up visits to those collected at baseline, taking into account the time course of COPD characteristics. 
Therefore, potential changes in COPD severity were accounted for. We then compared the coefficients attributed to 
the last follow-up visit with those attributed to a 5-year increase in age; this seemed acceptable, as the follow-up time was 
4.5 years. For the contribution of age, patients’ age at each visit was used. As this inevitably increased over consecutive 
visits, age and visits were correlated. This was supported by an additional analysis in which only baseline age was used 
in the regression analysis. Moreover, we introduced the time since COPD diagnosis as an additional covariate, since the 
effect of baseline age could be influenced by disease duration, thus intermingling the age and COPD effects. In 25% of 
patients, their COPD had been diagnosed at least 11 years before inclusion in COSYCONET, so that there had been more 
time for potential COPD effects on comorbidities than the 4.5-year observation period. The magnitude and statistical 
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significance of the COPD and the age effects were, however, unaffected by this, again underlining that the distinction 
between the two effects had some credibility.

COPD and a range of comorbidities share not only hypothetical intrinsic risk factors but also extrinsic factors such as 
smoking. We accounted for this by using smoking status as a covariate; prior pack years were not significantly related to 
the course of prevalences. The role of age in the increased prevalence of chronic diseases is supported by the finding that 
many, especially cardiac disorders, are associated with increased expression of biological markers of ageing.15 It is likely 
that systemic and local premature ageing also plays an important role in COPD,16 although to what extent the observed 
age effects on comorbidities may be specific for coexisting COPD is unclear, as our study did not recruit non-COPD 
patients. Despite this, we have been able to provide estimates that clearly show different patterns for different 
comorbidities, and that therefore might help in the understanding of COPD in the context of multimorbidity.

The effects attributed to COPD progression versus age differed between comorbidities. While the presence of heart 
failure, diabetes, hyperlipidemia, hyperuricemia and sleep apnea was more strongly associated with COPD than age, in 
CAD estimates were similar, while hypertension and PAD were more strongly linked to age. Expressing the 5-year 
increase in age in our study as ratios relative to Visit 1 gives values of about 1.20–1.25 for cardiac diseases, ie, an 
increase in prevalence of 20–25%. The previous cross-sectional study by Cazzola et al mentioned above also permitted 
the estimation of age effects (in 10-year categories).7 As with our analyses, prevalence of a number of cardiac diseases 
increased with increasing age in patients with COPD. Although prevalence also increased in the non-COPD individuals, 
the effect of age was lower than in the patients with COPD. As a consequence, although prevalence was similar in the 
youngest age category (45–54 years of age), in the oldest age category (≥85 years) all cardiovascular comorbidities were 
more common in patients with COPD than in individuals without.

The multivariate, longitudinal regression models in our analysis showed associations between the prevalence of 
comorbidities and the presence of COPD symptoms and exacerbations. We also examined the relationship to the degree 
of airflow limitation, as associations between the prevalence of comorbidities and GOLD grades have been reported.13 

Using FEV1% predicted, there was no significant, statistically independent effect on comorbidity prevalence, at least if 
symptoms, exacerbations and quality of life were simultaneously taken into account; the exception was hyperlipidemia. 
These confounders are known to be related to GOLD grades, which might explain the difference in results.

Although the present study combined cross-sectional with longitudinal data, the main limitation is that it does not 
permit the inference of causal relationships. In addition, there was a loss of participants over consecutive visits, although 
when the analyses were repeated with the larger population of patients having at least one follow-up visit, very similar 
results were obtained to the primary analysis. Moreover, we also had to rely on patients’ reports of physician-based 
diagnoses, and did not validate these by independent assessments. We also did not address the topic of occupational 
exposures which requires a separate, extensive assessment of prior occupations and potential exposures. The strengths of 
our study are the large sample size, the follow-up over several visits, and the detailed assessment of clinical data and 
comorbidities.3

Conclusion
The present findings indicate that in patients with COPD, age played a role in the occurrence of comorbidities, compared 
to the increase over visits that probably reflected the intrinsic risk from COPD. This risk was particularly important for 
heart failure and osteoporosis. Conversely, hypertension appeared to be primarily linked to age. The distinction between 
age- and COPD-associated factors may add a new dimension to the clinical evaluation and risk assessment of individual 
patients, as COPD-related factors that have an impact on comorbidities might be better amenable to treatment than age- 
related risk.
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Schleswig Holstein) and Bewig, Burkhard (Städtisches Krankenhaus Kiel); Ewert, Ralf and Stubbe, Beate 
(Universitätsmedizin Greifswald); Ficker, Joachim H. (Klinikum Nürnberg, Paracelsus Medizinische Privatuniversität 
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Heidelberg gGmbH); Kirsten, Anne-Marie and Watz, Henrik (Pneumologisches Forschungsinstitut an der Lungenclinic 
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(Universitätsklinikum Gießen und Marburg GmbH, Standort Marburg); Welte, Tobias (Medizinische Hochschule 
Hannover); Wirtz, Hubert (Universitätsklinikum Leipzig).

The study was based on patients recruited within the COSYCONET framework (ClinicalTrials.gov, Identifier: 
NCT01245933). For further information see Karch A, Vogelmeier C, Welte T, Bals R, Kauczor HU, Biederer J, 
Heinrich J, Schulz H, Glaser S, Holle R et al: The German COPD cohort COSYCONET: Aims, methods and descriptive 
analysis of the study population at baseline. Respir Med 2016, 114:27–37.
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