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Abstract
High resting heart rate (RHR) is associated with higher mortality in the general population and in cardiovascular disease. 
Less is known about the association of RHR with outcome in chronic obstructive pulmonary disease (COPD). In particular, 
the time-updated RHR (most recent value before the event) appears informative. This is the first study to investigate the 
association of time-updated RHR with mortality in COPD. We compared the baseline and time-updated RHR related to 
survival in 2218 COPD patients of the German COSYCONET cohort (COPD and Systemic Consequences—Comorbidities 
Network). Patients with a baseline RHR > 72 beats per minute (bmp) had a significantly (p = 0.049) higher all-cause mortality 
risk (adjusted hazard ratio (HR) of 1.37 (1.00–1.87) compared to baseline RHR ≤ 72 bpm. The time-updated RHR > 72 bpm 
was markedly superior (HR 1.79, 1.30–2.46, p = 0.001). Both, increased baseline and time-updated RHR, were independently 
associated with low FEV1, low TLCO, a history of diabetes, and medication with short-acting beta agonists (SABAs). In 
conclusion, increased time-updated RHR is associated with higher mortality in COPD independent of other predictors and 
superior to baseline RHR. Increased RHR is linked to lung function, comorbidities and medication. Whether RHR is an 
effective treatment target in COPD, needs to be proven in controlled trials.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of 
the most important causes of death worldwide [1]. Patients 
with COPD often suffer from cardiovascular comorbidities 
such as coronary artery disease, heart failure, hyperten-
sion and peripheral artery disease [2–4]. A possible cause 
for comorbidity is the presence of risk factors such as 
smoking, male sex and advanced age. In addition, chronic 
inflammation may facilitate the progression of COPD and 
its comorbidities [5]. A low or incident decline of FEV1 is 
associated with increased mortality from cardiovascular 
diseases [6, 7], rendering cardiovascular comorbidities the 
most important causes of mortality in moderate forms of 
COPD. In severe COPD, respiratory failure is the most 
frequent cause of death [3, 5, 8].

High resting heart rate (RHR) is associated with 
increased mortality in numerous conditions and has been 
shown to be both marker and modifiable risk factor. This 
is especially true for cardiovascular disorders but has also 
been reported for renal disease and neurological disorders. 
Moreover, an association of a high RHR with cardiovas-
cular events [9–11], all-cause mortality [9, 12–14] and 
cognitive decline [15] has been demonstrated in previous 
trials. Similar results have been shown for patients with 
left ventricular hypertrophy [16]. Likewise, an increased 
incidence of coronary heart disease and death was reported 
for patients with an elevated RHR [17]. The mechanisms 
linking RHR to clinical outcomes are, however, still not 
sufficiently understood.

Studies in COPD have shown an association between an 
elevated RHR at baseline and mortality [18–20]. However, 
another investigation not referring to COPD found that 
time-updated RHR (the latest RHR measurement avail-
able) over multiple follow-up measurements provided a 
greater prognostic value compared to RHR at baseline 
[21]. Whether this also applies to COPD in view of the 
multiple known risk factors in this disease is unknown. 
The aim of our study was to compare time-updated RHR 
and baseline RHR as risk factors for COPD mortality 
including all-cause mortality. We further aimed to iden-
tify factors associated with higher RHR, both at baseline 
and time-updated.

Methods

Patients and procedures

The multicentre cohort study COSYCONET (German 
COPD and Systemic Consequences—Comorbidities 

Network) investigates the progression of COPD and its 
comorbidities. In 31 study centres, 2741 patients with 
physician-diagnosed COPD and an age of 40 years and 
older were recruited between 2010 and 2013. Inclusion 
was based on a physician’s diagnosis of COPD (GOLD 
criteria of 2010 via a ratio of FEV1/FVC < 0.7 in stand-
ardized spirometry after bronchodilatation or in 430 cases 
based on typical symptoms such as chronical coughing 
and sputum production despite the absence of an airflow 
limitation). Exclusion criteria were lung cancer, surgical 
lung volume reduction, lung transplantation, severe exac-
erbation within the last 4 weeks and physical or cogni-
tive inability to perform the assessments. The study was 
approved by the ethics committees of all study centres, 
and all participants gave their written informed consent. 
Further information on the study protocol has been previ-
ously published [22, 23].

Measurements and outcomes

At baseline, structured interviews were performed to assess 
comorbidities and demographics. COPD categorization 
was done according to the revised GOLD 2017 classifica-
tion [24]. The BODE index was calculated using the algo-
rithm created by Celli and colleagues [25]. Spirometry, the 
determination of the diffusing capacity for carbon monoxide 
(TLCO) and body plethysmography were conducted accord-
ing to the ATS/ERS guidelines [26]. Reference values of the 
Global Lung Function Initiative (GLI) were used [27]. In all 
study centres, resting heart rate (RHR) was determined from 
ECG tracings via the device Mortara (WelchAllyn, Amster-
dam, The Netherlands) after 10 min of rest in supine position 
as described in detailed SOPs [22]. ECGs were electroni-
cally transmitted to the central database and evaluated by a 
custom-made algorithm regarding RHR.

All-cause death was defined as primary endpoint in this 
analysis. COSYCONET comprises visits at baseline (visit 1), 
and after 6, 18, 36, 54, and 72 months. In the present analy-
sis, we evaluated mortality data up to 72 months (visit 6). 
The time variable for the regression analysis was based on 
either the date of death (for deceased patients) or the date of 
the most recent follow-up visit up to visit 6 (confirming sur-
vival for non-deceased patients). In cases where death was 
confirmed but the exact date of death was not documented, 
the 15th of the month was chosen if only month and year 
were known, the 1st July of the year was chosen if only the 
year was known, and the day of report was chosen if neither 
year nor month were documented.

Statistical analysis

Patients were divided into two groups according to RHR 
(≤ 72 bpm, and > 72 bpm) representing a value close to the 
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median (71 bpm for baseline and 72 bpm for time-updated 
RHR). The number of groups based on RHR was limited 
to two, as three or more groups led to oversampling (data 
not shown). RHR categories were formed based on the 
baseline rate which was defined as the last available value 
before death or the value at the last visit if the patient was 
alive. In all analyses (except descriptive statistics), patients 
with missing data for either baseline or time-updated RHR 
were excluded from the analysis for both groups.

Descriptive statistics were calculated for demographics, 
the distribution of COPD severity, comorbidities and rel-
evant medication at baseline. For the comparison between 
the RHR groups, the t test was used for continuous, and the 
chi-squared statistics for categorical variables. This was 
done separately for the groups defined by the cut-off value 
of 72 bpm for either baseline RHR (A) or time-updated 
RHR (B).

Hazard ratios for all-cause death for high RHR and the 
covariates age, sex, pack years, FEV1 percent predicted, 
obesity (BMI > 30), the diagnoses of arterial hypertension, 
history of myocardial infarction, history of stroke, history 
of diabetes, as well as education level and the presence of 
relevant medication (LAMA, LABA, SABA, ICS, systemic 
steroids, beta blocker, ACE inhibitors) were estimated 
using COX regression and adjusted survival curves were 
plotted. The influence of the RHR category on the haz-
ard ratios was sequentially evaluated by adjustment with 
different sets of covariates. In addition, COX regression 
with the same covariates was also performed with either 
baseline or time-updated RHR as a continuous variable 
with increments of 5 bmp and 10 bpm.

Multiple linear regression analysis was performed with 
baseline RHR and time-updated RHR as dependent vari-
able. As predictors in this model, the covariates already 
used for COX regression (age, sex category, pack years, 
FEV1 percent predicted, obesity, arterial hypertension, 
myocardial infarction, stroke, diabetes, education level 
and relevant medication) were combined with intrathoracic 
gas volume (ITGV), TLCO as well as right ventricular 
thickness and right ventricular function. The regression 
models were obtained with stepwise forward selection of 
the above-mentioned predictors.

Histograms were created to compare the distributions 
of time-updated and baseline RHR between survivors 
and deceased patients with a baseline RHR ≤ 72 bbm or 
> 72 bpm, respectively. Mann–Whitney U test was used to 
test the distributions for survivors and deceased patients 
for significant differences.

Statistical analyses were performed using SPSS soft-
ware (version 23; IBM Corp., Armonk, NY, USA). A p 
value of 0.05 or less was considered significant.

Results

RHR is associated with mortality

Of the 2741 patients at baseline 2669 with a documented 
baseline RHR and 2729 patients with a documented time-
updated RHR were eligible for descriptive statistics. 
Detailed patient characteristics at baseline are shown in 
Tables 1 and 2.

2218 patients with complete datasets for both base-
line and time-updated RHR were included into the COX 
regression analysis with baseline RHR, and 2218 patients 
into the COX analysis with time-updated RHR. Of those 
patients, 185 died. A baseline RHR of > 72 bpm was asso-
ciated with a hazard ratio of 1.37 (1.00–1.87), which was 
significantly (p = 0.049) increased versus RHR < 72 bpm. 
In the COX regression analysis based on time-updated 
RHR, the high RHR group had a hazard ratio of 1.79 
(1.30–2.46, p = 0.001). For time-updated RHR, the curves 
for low and high RHR tended to show a stronger separa-
tion (Fig. 1). 

A significantly increased risk was associated with the 
covariates male sex, higher baseline age, pack years, and 
medication with beta blocker, long-acting muscarinic ago-
nists or systemic steroids, while a lower risk was associ-
ated with obesity. The hazard ratios with 5% confidence 
interval are shown in Fig. 2.

For both baseline and time-updated RHR, the hazard 
ratio rose with stepwise inclusion of covariates into the 
model (Fig. 3). Stepwise addition of more adjustment 
parameters (age and sex in the first step, then addition-
ally comorbidities and education level, then additionally 
medication) to the crude unadjusted regression increased 
the hazard ratios for RHR > 72 bpm. However, the final 
addition of FEV1 as adjustment parameter to the model 
caused the hazard ratio for RHR > 72 bpm to decrease 
again significantly.

In the COX regression with baseline and time-updated 
RHR as continuous variables, different crude and adjusted 
(maximum set of covariates as described in the previous 
paragraph) hazard ratios were obtained for steps of 5 bpm 
and 10 bpm (Table 3).

In addition, subpopulations were analysed with 
a RHR step size of 10 bpm. For patients with no beta 
blocker intake, the hazard ratios were slightly higher in 
the adjusted models. COX regressions with a subset of 
patients with a RHR ≤ 100 bpm resulted in smaller haz-
ard ratios. The adjusted hazard ratio for time-updated 
RHR > 72 bpm remained significantly elevated (Table 3).
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Table 1   Patient characteristics at baseline with categories based on baseline RHR

N All RHR ≤ 72 RHR > 72 p value

Demographics
 Age (years) 2669 65.0 ± 8.60 65.3 ± 8.81 64.7 ± 8.37 ns
 Male 2669 1574/2669 (59%) 855/1435 (60%) 719/1234 (58%) ns
 BMI (kg/m2) 2667 27.1 ± 5.38 26.8 ± 5.05 27.3 ± 5.75 p < 0.05
 Pack years 2444 48.0 ± 35.8 46.9 ± 35.6 49.4 ± 36.1 ns
 Current smoker 2668 657/2668 (25%) 377/1435 (26%) 280/1233 (23%) p = 0.034
 FEV1 (% predicted GLI) 2654 56.8 ± 20.6 61.4 ± 21.0 51.5 ± 20.1 p = 0.001
 TLCO (% predicted GLI) 2518 55.5 ± 21.7 58.3 ± 20.9 52.1 ± 22.1 p = 0.001
 ITGV (% predicted GLI) 2595 144.1 ± 37.5 138.3 ± 34.9 150.8 ± 39.3 p = 0.001
 COPD GOLD 2017 2654
  Group A 294/2654 (11%) 198/1428 (14%) 96/1226 (8%) p = 0.001
  Group B 1423/2654 (54%) 784/1428 (55%) 639/1226 (52%)
  Group C 48/2654 (2%) 27/1428 (2%) 21/1226 (2%)
  Group D 889/2654 (33%) 419/1428 (29%) 470/1226 (38%)

 Increased alcohol consumption 2668 265/2668 (10%) 129/1435 (9%) 136/1233 (11%) ns
 Education level 2602 p = 0.01
  Basic school education 1414/2602 (54%) 729/1398 (52%) 685/1204 (57%)
  Secondary school education 727/2602 (28%) 394/1398 (28%) 333/1204 (28%)
  Higher School Education 461/2602 (18%) 275/1398 (20%) 186/1204 (15%)

COPD morbidity
 BODE 2558 2.12 ± 1.91 1.69 ± 1.74 2.64 ± 2.11 p = 0.001
 SQRQ 2643 42.6 ± 19.7 39.4 ± 19.2 46.4 ± 20.1 p = 0.001

Comorbidity
 Myocardial Infarction 2669 219/2669 (8%) 145/1435 (10%) 74/1234 (6%) p = 0.001
 Hypertension 2669 1435/2669 (54%) 801/1435 (56%) 699/1234 (57%) ns
 Stroke 2669 117/2669 (4%) 65/1435 (5%) 52/1234 (4%) ns
 Diabetes 2669 p = 0.001
  Non-insulin-dependent 232/2669 (9%) 107/1435 (7%) 125/1234 (10%)
  Insulin-dependent 141/2669 (5%) 56/1435 (4%) 85/1234 (7%)

 Obesity 2667 1651/2667 (62%) 888/1434 (62%) 763/1233 (62%) ns
Medication
 LABA 2544 2144/2544 (84%) 1149/1362 (84%) 995/1182 (84%) ns
 LAMA 2544 1906/2544 (75%) 1037/1362 (76%) 869/1182 (74%) ns
 SABA 2544 1525/2544 (60%) 791/1362 (58%) 734/1182 (62%) p = 0.043
 ACE inhibitor 2669 1217/2669 (46%) 641/1435 (45%) 576/1234 (47%) ns
 Beta blocker 2669 602/2669 (23%) 408/1435 (28%) 194/1234 (16%) p = 0.001
 ICS 2544 1680/2544 (66%) 905/1362 (66%) 775/1182 (66%) ns
 Systemic steroids 2669 318/2669 (12%) 135/1435 (9%) 183/1234 (15%) p = 0.001

Echocardiography
 Right ventricular wall thickness (mm) 1940 5.79 ± 3.26 5.69 ± 2.91 5.90 ± 3.64 ns
 Right ventricular function 2335 ns
  Normal 2189/2335 (93%) 1182/1255 (94%) 1007/1080 (93%)
  Mildely reduced 92/2335 (4%) 42/1255 (3%) 50/1080 (5%)
  Moderately reduced 13/2335 (< 1%) 8/1255 (< 1%) 5/1080 (< 1%)
  Severely reduced 1/2335 (< 1%) 0/1255 (0%) 1/1080 (< 1%)
  Not assessable 40/2335 (2%) 23/1255 (2%) 17/1080 (2%)
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Table 2   Patient characteristics at baseline with categories based on time-updated RHR

N All RHR ≤ 72 RHR > 72 p value

Demographics
 Age (years) 2729 65.0 ± 8.62 65.1 ± 8.92 65.0 ± 8.31 ns
 Male 2729 1609/2729 (59%) 826/1401 (59%) 783/1328 (59%) ns
 BMI (kg/m2) 2727 27.0 ± 5.39 27.0 ± 5.22 27.0 ± 5.56 ns
 Pack years 2496 47.9 ± 35.7 46.4 ± 34.9 49.5 ± 36.6 p = 0.026
 Current smoker 2728 665/2728 (24%) 351/1401 (25%) 314/1327 (24%) ns
 FEV1 (% predicted GLI) 2714 57.0 ± 20.7 61.6 ± 21.1 52.0 ± 20.2 p = 0.001
 TLCO (% predicted GLI) 2518 55.5 ± 21.7 59.1 ± 21.4 51.6 ± 21.3 p = 0.001
 ITGV (% predicted GLI) 2595 144.1 ± 37.5 137.7 ± 35.1 150.8 ± 38.8 p = 0.001
 COPD GOLD 2017 2714
  Group A 301/2714 (11%) 189/1395 (14%) 112/1319 (8%) p = 0.001
  Group B 1454/2714 (53%) 761/1395 (55%) 693/1319 (53%)
  Group C 48/2714 (2%) 27/1395 (2%) 21/1319 (2%)
  Group D 911/2714 (34%) 418/1395 (30%) 493/1319 (37%)

 Increased alcohol consumption 2728 269/2728 (10%) 125/1401 (9%) 144/1327 (11%) ns
 Education level 2660 ns
  Basic school education 1445/2660 (54%) 719/1363 (53%) 726/1297 (56%)
  Secondary school education 738/2660 (28%) 382/1363 (28%) 356/1297 (27%)
  Higher school education 477/2660 (18%) 262/1363 (19%) 215/1297 (17%)

COPD morbidity
 BODE 2615 2.11 ± 1.92 1.69 ± 1.75 2.56 ± 2.11 p = 0.001
 SQRQ 2702 42.6 ± 19.7 39.6 ± 19.3 45.8 ± 20.2 p = 0.001

Comorbidity
 Myocardial Infarction 2729 223/2729 (8%) 139/1401 (10%) 84/1328 (6%) p = 0.001
 Hypertension 2729 1536/2729 (56%) 779/1401 (56%) 757/1328 (57%) ns
 Stroke 2729 118/2729 (4%) 67/1401 (5%) 51/1328 (4%) ns
 Diabetes 2353 ns
  Non-insulin-dependent 233/2729 (9%) 110/1401 (8%) 123/1328 (9%)
  Insulin-dependent 143/2729 (5%) 61/1401 (4%) 82/1328 (6%)

 Obesity 2727 1689/2727 (62%) 869/1400 (62%) 820/1327 (62%) ns
Medication
 LABA 2600 2193/2600 (84%) 1119/1329 (84%) 1074/1271 (85%) ns
 LAMA 2600 1949/2600 (75%) 991/1329 (75%) 958/1271 (75%) ns
 SABA 2600 1558/2600 (60%) 770/1329 (58%) 788/1271 (62%) p = 0.037
 ACE inhibitor 2729 1239/2729 (45%) 627/1401 (45%) 612/1328 (46%) ns
 Beta blocker 2729 619/2729 (23%) 384/1401 (27%) 235/1328 (18%) p = 0.001
 ICS 2600 1716/2600 (66%) 868/1329 (65%) 848/1271 (67%) ns
 Systemic steroids 2729 326/2729 (12%) 141/1401 (10%) 185/1328 (14%) p = 0.002

Echocardiography
 Right ventricular wall thickness (mm) 1984 5.83 ± 3.49 5.87 ± 3.41 5.79 ± 3.58 ns
 Right ventricular function 2388 ns
  Normal 2236/2388 (94%) 1160/1233 (94%) 1076/1155 (93%)
  Mildely reduced 96/2388 (4%) 49/1233 (4%) 47/1155 (4%)
  Moderately reduced 14/2388 (< 1%) 8/1233 (< 1%) 6/1155 (< 1%)
  Severely reduced 1/2388 (< 1%) 0/1233 (0%) 1/1155 (< 1%)
  Not assessable 41/2388 (2%) 16/1233 (1%) 25/1155 (2%)
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Factors associated with increased RHR

To gain a better understanding why time-updated RHR 
was a better predictor for mortality than baseline RHR, 
multiple linear regression analyses were performed. Pre-
dictors that were significantly associated with an increased 
baseline RHR were diabetes and a medication with short-
acting beta agonists (SABAs). In contrast, a high FEV1, a 
medication with beta blockers, a high diffusing capacity 
(TLCO) and a medication with long-acting muscarinic 
antagonists (LAMAs) were associated with a lower base-
line RHR.

Regarding time-updated RHR, also a high FEV1, a medi-
cation with beta blockers, a high diffusing capacity (TLCO) 
and a history of stroke were associated with a lower heart 
rate, while a high intrathoracic gas volume (ITGV), a his-
tory of diabetes and obesity, a medication with short-acting 
beta agonists (SABAs) and male sex were associated with 
a higher heart rate.

Moreover, to understand the kind of shift in RHR, we 
established histograms of the differences between time-
updated RHR and baseline RHR for the groups of survivors 
and non-survivors, stratified according to higher (> 72 bpm) 
versus lower (≤ 72 bpm) baseline RHR (Fig. 4). Survivors 

a

b

A

B

Fig. 1   COX regression models with two RHR categories (≤ 72 bpm 
(blue) and > 72 bpm (green)). Unadjusted hazard curves for baseline 
RHR (a) and time-updated RHR b in comparison to adjusted cox haz-
ard curves for baseline RHR (A) and time-updated RHR (B). A and B 

were adjusted for age, sex category, packyears, FEV1, obesity, arte-
rial hypertension, myocardial infarction, stroke, diabetes, education 
level, LAMA, LABA, SABA, ICS, systemic steroids, beta blockers 
and ACE inhibitors
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with higher (> 72 bpm) baseline RHR tended to shift towards 
a lower time-updated RHR, while the deceased patients 
showed no such trend (significant difference between the dis-
tributions in Mann–Whitney U test, p = 0.001). In contrast, 
the lower baseline RHR group (≤ 72 bpm) showed compa-
rable shift to a higher time-updated RHR for both survivors 
and deceased patients (no significant difference between the 
distributions in Mann–Whitney U test).

Discussion

Herein, we report that elevated values of the time-updated 
RHR are not only associated with clinical outcomes and 
comorbidities in patients with COPD, but also a predictor 
of mortality that is superior to baseline RHR. The obser-
vation, that the most recent RHR is the best predictor, is 
compatible with the assumption that a marked elevation of 
RHR has short-term rather than long-term clinical implica-
tions. A similar result has been reported for patients with 
left ventricular systolic dysfunction [21]. In our statistical 
model for baseline RHR, we took all data from the baseline 
visit. In contrast, the analysis for time-updated RHR con-
tains additional data from later visits at 6, 18 and 36 months 
[22]. With 10 min, our study chose a rather short period of 
supine rest compared to other studies. Overall, there is much 
variation in the resting heart rate protocols across different 
studies [28]. In our study, the short time period was chosen 
as the schedule of the visits was quite loaded and we had 
to optimize time durations for each examination. In linear 
regression analysis, time-updated differed from baseline 
RHR in the association with obesity and medication with 
systemic steroids and long-acting muscarinic antagonists 
(LAMAs), thereby indicating its relation to other significant 
predictors of the worsening of COPD over time. Moreover, 

A

B
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systemic steroids
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beta blocker
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SABA
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secondary school education
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obesity
insulin-dependent 
non-insulin-dependent 
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baseline RHR >72

Hazard Ratio
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male
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Hazard Ratio

Fig. 2   Forest plot of the hazard ratios from the COX regression mod-
els with A baseline RHR > 72 bpm and B time-updated RHR > 72 
bpm

A  B

0 1 2 3

maximum adjustment

extended adjustment

medium adjustment

minimal adjustment

crude

Hazard Ratio
0 1 2 3

maximum adjustment

extended adjustment

 medium adjustment

minimal adjustment

crude

Hazard Ratio

Fig. 3   Hazard ratios for baseline RHR > 72 bpm (A) and time-
updated RHR > 72 bpm (B) with different adjustments. Crude: no 
adjustment. Minimal adjustment: age and sex. Medium adjustment: 
minimal adjustment + packyears, comorbidity (myocardial infarc-

tion, hypertension, stroke, obesity, diabetes) and education. Extended 
adjustment: medium adjustment + relevant medication (LABA, 
LAMA, SABA, ACE Inhibitor, beta blocker, ICS, systemic steroids). 
Maximum adjustment: extended adjustment + FEV1
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the histograms of the RHR difference (time-updated RHR 
minus baseline RHR) showed, that patients from the higher 
baseline RHR group (> 72 bpm) who survived tended to 
shift to a lower time-updated RHR, while the deceased 
patients showed no such trend. In contrast, the lower base-
line RHR group (≤ 72 bpm) showed comparable shift to a 
higher time-updated RHR for both survivors and deceased 
patients (Fig. 4). This might account to the better separation 
for time-updated RHR.

Using baseline RHR only, Warnier et al. [19], Jensen 
et al. [18] and Byrd et al. [20] observed similar associa-
tions in other COPD cohorts. In comparison to our approach, 
dividing a sample of 2218 patients into 2 RHR groups with 
a cut-off of 72 bpm, Warnier et al. divided a sample of 405 

patients into 2 groups based on a cut-off of 85 bpm, while 
Jensen et al. analysed data of 16,696 subjects from a random 
population, of whom 2645 had a diagnosis of COPD. These 
patients were divided into four groups based on RHR (< 65, 
65–74, 75–84, > 84). In contrast, Byrd et al. divided 16,485 
patients with COPD into 3 groups based on RHR (< 70, 
70–79, > 79). Because of the different number of groups, 
only Warnier’s study with its two groups was directly com-
parable to our results. The hazard ratio for a RHR > 80 bpm 
in Warnier’s study (1.6) ranged between our adjusted hazard 
ratio for baseline RHR > 72 bpm (1.37) and that for a time-
updated RHR > 72 bpm (1.79).

Beyond RHR, our analysis revealed further parameters 
that are associated with mortality. The higher mortality for 

Table 3   Adjusted hazard ratios 
for baseline and time-updated 
RHR as a continuous variable 
with different step sizes

*Analysis with subset of patients without beta blocker therapy. N = 1707. **Analysis with subset of 
patients with heartrate ≤ 100 bpm. N = 2135

Step size (bbm) Baseline RHR Time-updated RHR

Adjusted hazard ratio Adjusted hazard ratio
5 1.096 (1.038–1.157) p = 0.001 1.156 (1.094–1.221) p = 0.001
10 1.202 (1.078–1.340) p = 0.001 1.335 (1.197–1.490) p = 0.001
10* 1.217 (1.066–1.389) p = 0.004 1.410 (1.230–1.618) p = 0.001
10** 1.067 (0.929–1.226) p = 0.357 1.225 (1.083–1.385) p = 0.001

Fig. 4   Heartrate-difference 
between baseline RHR and 
time-updated RHR for survivors 
and deceased patients with low 
or high baseline RHR
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male and older patients is in line with the expectations and 
literature findings. Medication with long-acting muscarinic 
antagonists and beta blockers is associated with increased 
mortality. Especially, the high hazard ratio for beta blockers 
seems to conflict with previous studies in COPD [29, 30], 
however, beta blocker treatment was not randomized in our 
study, and the patients with beta blockers probably were a 
less healthy group due to cardiovascular disease. Despite 
the inclusion of medication, the major important associa-
tions remained significant, indicating that they were not a 
statistical artefact.

The better survival of obese patients could be due to the 
known association of underweight with higher COPD stages 
[31], but obesity also might have an impact on autonomic 
dysfunction, as a major risk factor in COPD [32]. This com-
plex interaction could be part of an obesity paradox and 
needs further investigation in COPD, in comparison with 
chronic heart failure [33, 34].

An important question is which factors could elevate 
baseline RHR in COPD. Impaired pulmonary function and 
the presence of comorbidities were identified as factors 
associated with increased values for baseline RHR as well 
as time-updated RHR. Both RHRs also increased with an 
increased intrathoracic gas volume, as a measure of lung 
hyperinflation. On the other hand, a high FEV1 and a high 
TLCO, as indicators of less severe COPD, were associated 
with lower RHR. Accordingly, an association between an 
impaired lung function in COPD patients and an increased 
left ventricular wall strain has been described [35]. This 
association between lung function and RHR might also 
explain, why adjustment for FEV1 markedly reduced the 
hazard ratio, while the addition of most adjustment param-
eters made the association between a high RHR and mortal-
ity stronger. Apparently, RHR is elevated in parallel with 
other markers of disease severity in COPD and might repre-
sent an integrative, easy-to-measure marker associated with 
mortality risk.

Autonomic dysfunction in COPD, with sympathy-vagal 
disbalance, could be a central factor for elevated RHR [32, 
36]. Recent studies have linked autonomic dysfunction to 
exposure to particulate matter found in polluted air and 
cigarette smoke [37, 38]. Moreover, nicotine in cigarette 
smoke also increases sympathetic activity [38, 39]. Chronic 
hypoxemia seems to be another cause for autonomic dys-
function. Autonomic dysfunction was also shown to be 
associated with arrhythmia and sudden cardiac death [40]. 
Cardiovascular comorbidity caused by impaired endothelial 
function due to a long smoking history might be another 
factor [41]. Moreover, mechanical effects of obstruction and 
hyperinflation on cardiac filling seem to be an important 
factor, leading for compensation to an elevated RHR [35, 
42, 43]. Thus, there are a multitude of pathophysiological 

factors potentially involved in an elevated RHR, rendering 
this measure a relevant marker of mortality risk in COPD.

Our study has some limitations and strengths. The anal-
ysis is not randomized and as a result observational and 
hypothesis generating. Moreover, the comorbidities are 
derived from the patients’ reports; however, there is a high 
concordance of reports with disease-specific medication in 
COSYCONET [44]. On the other hand, our study has a large 
number of 2218 patients with more detailed information 
on comorbidities than many previous studies not focused 
on comorbid conditions. The actual hazard ratios for an 
increased RHR could be even higher than the overall results, 
as beta blockers shift patients with more severe disease to 
the lower RHR category [45]. The higher hazard ratios we 
found in the subpopulation of patients without beta blockers 
support this assumption.

In conclusion, we report that the time-updated resting 
heart rate RHR, i.e. the most recent value before an event, 
shows a closer association with mortality than baseline 
RHR in COPD patients. This is in line with observations 
in patients with other clinical conditions than COPD. The 
most important factors linked to elevated baseline and time-
updated RHR were pulmonary function and comorbidities. 
Irrespective of these links, RHR, in particular time-adjusted 
RHR, turned out to be an independent and robust predictor 
of mortality.
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