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Introduction

The prevalence of subjects who develop end-stage kidney disease (ESKD), requiring renal replacement therapy, most
commonly by hemodialysis (HD), is increasing worldwide. ESKD patients have a significantly increased mortality,
especially from cardiovascular causes. This risk is associated with comorbidities such as diabetes, hypertension, and
atherosclerosis, which are common among HD patients.

Chronic obstructive pulmonary disease, COPD, leads to significant morbidity and mortality by itself, is also
frequently associated with comorbidities, some of which are explained by shared risk factors such as smoking and
increased age.

Chronic kidney disease (CKD) is common among subjects with COPD and is associated with cardiovascular events
and mortality, as well as with reduced quality of life and worse breathlessness.' Possible pathophysiological mechanisms
for the association between COPD and CKD, include systemic inflammation, impaired phosphate metabolism, hormonal
and acid-base imbalance, oxidative stress, and chronic hypoxemia.? Those interactions may contribute to worse outcomes
among individuals who suffer from both conditions.

A few studies assessed the impact of COPD among HD patients. In one prospective study, 46% of maintenance HD
patients who underwent spirometry had an obstructive pattern. However, respiratory symptoms, exacerbations and
clinically meaningful outcomes were not assessed.”

Outcomes of HD patients with or without COPD were compared in just one study from the USA during 1995-2004.
The prevalence of COPD increased during this time-period, as were age and other comorbidities.* HD patients with
COPD experienced higher mortality and significantly lower rates of kidney transplantation (KT).* Being the only study
on this subject, those results are difficult to generalize. Indications for HD and KT, patients’ characteristics and treatment
modalities differ between countries. Pharmacological treatment for COPD has evolved during the last decade with
a positive effect on outcomes but was not previously assessed.

We aimed to measure the prevalence of COPD among HD patients and study how it relates to significant outcomes of
mortality and morbidity.

Methods
This comparative, retrospective cohort study was performed in Meir Medical Center, Israel, which provides in-hospital
chronic dialysis treatment to 150 HD patients.
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Participants were adults (=18 years-old) who initiated maintenance HD for ESKD during 2015-2018. Subjects who
required HD for acute kidney injury or without available clinical data were excluded.

Participants were categorized into one of the two study groups, with or without COPD. Medical records and lung
function tests were reviewed by a specialist in pulmonary medicine to ascertain the diagnosis of COPD, which required
the presence of a fixed obstructive abnormality on spirometry (post-bronchodilator FEV1/FVC<0.7).

Data were extracted from medical records, including: sociodemographic and anthropometric data; comorbidities;
dialysis vintage and adequacy parameters, and baseline laboratory test results collected at the beginning of the first HD
session. For the COPD group, we also collected results of pulmonary function tests and regular therapies provided for
COPD. Data were collected until December 31%, 2021, or until death. In addition to HD session visits, all subjects
undergo a routine monthly visit during which they are assessed by a dedicated nephrologist.

We compared outcomes between study groups from the day of HD initiation for each participant. The primary
outcomes were overall mortality rates and mortality over time. Secondary outcomes were the rates of acute coronary
syndrome (ACS), registration as KT candidacy, and successful KT.

For the COPD group, we also measured the incidence and number of severe COPD exacerbations, defined as those
requiring hospitalization or emergency department visit, treated with systemic corticosteroids and/or antibiotics, in
addition to bronchodilators and supportive care. Medical records of severe exacerbations were reviewed by an experi-
enced pulmonologist to increase diagnostic certainty.

Sample Size Calculation

We assumed a 3-year mortality rate of 30% for HD patients without COPD and 60% for HD patients with COPD. We
also assumed that a sixth of HD would suffer from COPD. To detect this mortality difference with a power of 80% and
an alpha error of 5% required a sample size of 150 subjects.

Statistical Analysis

Descriptive statistics are presented as means with standard deviations or absolute numbers with percentages. Comparison
between groups was performed using Mann—Whitney, chi-square or #-test, according to the measured variables. Pearson and
Spearman correlations were applied as appropriate. Predictors of ACS and mortality were analyzed using univariate and
multivariate models (logistic regression analysis). A multivariable Cox proportional hazards model was constructed to obtain
covariate-adjusted measures of mortality rates among COPD and non-COPD patients. The multivariate models included age
and other relevant variables according to univariate analysis (p<0.1). A p-value <0.05 was considered statistically significant.

Data were analyzed with SPSS Version 27 (IBM, Armonk, USA).

Ethical Considerations

The study was approved by the Ethics Committee of Meir Medical Center (application MMC-360-20). The committee
waived the requirement for participants’ informed consent due to the retrospective nature of the study. The study was
performed in accordance with the Declaration of Helsinki and GCP guidelines. Study data were anonymized to maintain
confidentiality.

Results
The final study population includes 234 subjects out of a total of 303 who initiated HD between January 1%, 2015, and
December 31%, 2018 (Supplementary Figure S1).

Forty-three of 234 were also diagnosed with COPD (18.4%). Compared to subjects without COPD, they were more
often males (90.7% vs 64.9%, p=0.001), with a higher prevalence of active smoking (34.9% vs 11%, p<0.001), and had
higher incidences of ischemic heart disease and heart failure. Previous KT was less common among subjects with COPD
(Table 1).

Average follow-up was longer among the non-COPD group (47.5+23.1 months vs 36.1+£23.7 months, p=0.004).

Most baseline laboratory parameters were comparable between groups, except for serum albumin and serum
creatinine which were lower for COPD patients, and platelets count which was higher (Table 1).
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Table | Baseline Characteristics of Participants

Total COPD Non-COPD p-value*

(n=234) (n=43) (n=191)
Age, years, meantSD 66.7+13.8 68.4+11.6 | 66.4x14.2 0.374
Male gender, n (%) 163 (69.7%) | 39 (90.7) 124 (64.9) 0.001
BMI, Kg/m?, meantSD 27.9+5 32.6x0.9 27.6%5 0.178
Weight, Kg, meantSD 80.9+23.2 85.9+24.3 | 79.6£22.8 0.155
DM, n (%) 140 (59.8) 25 (58.1) 115 (60.2) 0.772
IHD, n (%) 108 (46.2) 28 (65.1) 80 (41.9) 0.006
HF, n (%) 96 (41) 27 (62.8) 69 (36.1) 0.001
HTN, n (%) 204 (87.2) 41 (95.3) 163 (85.3) 0.076
Previous stroke, n (%) 47 (20.1) 5(11.6) 42 (21.9) 0.14
AF, n (%) 37 (15.8) 8 (18.6) 29 (15.2) 0.535
PVD, n (%) 34 (14.5) 9 (20.9) 25 (13.1) 0.187
Active smoking, n (%) 36 (15.4) 15 (34.9) 21 (1) <0.001
Previous KT, n (%) 27 (11.5) 0 27 (14.1) 0.011

Laboratory parameters at dialysis initiation

HbAIC, % 6.3%1.3 6.28+1.31 | 6.2x1.3 0917
Glucose, mg/dL 14360 148+70 141£57 0.52

Urea, mg/dL 183473 184+77 183472 0.958
Creatinine, mg/dL 6+2.2 5.1%1.6 6.2+2.3 0.003
Albumin, g/dL 3.2+0.6 3.0+0.6 3.2+0.6 0.029
Calcium, mg/dL 82409 8.1+l 8.2+0.9 0.613
Phosphor, mg/dL 5.7x1.6 6x1.8 5.7x1.6 0.189
PTH, pg/mL 283197 287217 282+193 0.885
Total cholesterol, mg/dL 149+53 140+50 152453 0.153
CRP, mg/dL 5.5%16.2 4.9+55 5.6x17.8 0.801
Platelets, 10°/L 229+185 2834377 217497 0.035
WBC, 10°/L 8.1£3.7 7.7£3.7 8.2+3.7 0.488
Hemoglobin, g/dL 9.6x1.5 9.35%1.41 | 9.6x1.5 0.321
TSI 19.9+13.4 17.8+14.2 | 20.4+13.2 0.268
Ferritin, p/L 430+373 407+390 435+370 0.662
Kt/vV 1.34+0.3 1.25+0.34 | 1.35%0.3 0.158
URR 68.319.8 64.314 69+8.8 0.096

Notes: *p-values were calculated for the differences between the COPD and control groups. Significant
p-values are highlighted in bold.

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CRP, C-reactive protein; DM, diabetes mellitus;
HbAIC, glycated hemoglobin; HF, heart failure; HTN, hypertension; IHD, ischemic heart disease; KT, kidney
transplantation; PVD, peripheral vascular disease; PTH, parathyroid hormone; TSI, transferrin saturation
index; URR, urea reduction ratio; WBC, white blood cells.
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Subjects with COPD
For the subjects with COPD, the average FEV1%pred and FVC%pred were 60% and 71%, respectively. Eighteen
subjects (41.8%) had an FEV1%pred<50% (Supplementary Table S1).

Regular inhaled therapy included long-acting beta-agonists (LABA) in 62% inhaled corticosteroids (ICS) in 63% of
COPD patients, short-acting muscarinic antagonists (SAMA) and beta-agonists (SABA) were utilized in 26% and 15%,
respectively. Long-acting muscarinic antagonists (LAMA) were regularly used by 28% of HD patients with COPD. Chronic

use of prophylactic antibiotics (azithromycin) or roflumilast was uncommon, 4% and 2% of patients, respectively.

Over half of the COPD patients received home oxygen therapy, 24/43, 55.8%, and 10/43 (23.3%) were treated with
domiciliary non-invasive ventilation.

Thirty-eight of 43 subjects in the COPD group (88.4%) were hospitalized for COPD exacerbations during follow-up,
averaging 3.6+3.2 severe exacerbations per patient during a mean follow-up period of 36.1 months. Of all severe
exacerbations, 22.8% (31/136) led to intensive care unit admission, and 26.5% (36/136) required mechanical ventilation.
There were no associations between comorbidities or treatment for COPD and severe exacerbations.

Outcomes Comparison Between Groups

During the study period, 39.5% of the COPD group (17 patients) had an ACS vs 23.6% from the control group (45
patients), p=0.026; odds ratio (OR) for ACS for the COPD group was 2.2 (95% CI=1.1-4.4). In a multivariate regression
analysis, this association was of similar magnitude, yet with a larger confidence interval (OR=2.19, 95% CI 0.98-4.93,
p=0.056) (Supplementary Table S2). The most important predictor of ACS was preexisting coronary heart disease.

Kidney transplantations were numerically less common among HD patients with COPD: 1/43, 2.3% vs 21/191, 11%,
p=0.078, as were the rates of registrations as KT candidates: 13/43, 30.2% vs 81/191, 42.4%, p=0.14 (19 patients were
still undergoing evaluation for KT candidacy during the study period).

During follow-up, 121 subjects died (51.7% of the cohort). Mortality rates were significantly higher for subjects who
suffered from COPD (72.1% vs 47.1%, p=0.003). Odds-ratio for all-cause mortality among COPD patients was 2.87
(95% CI=1.39-5.92).

COPD remained a significant predictor for a fatal outcome after adjusting for age, gender, heart failure, diabetes
mellitus and ischemic heart disease, with an adjusted HR for all-cause mortality of 1.7 (95% CI=1.1-2.6, p=0.02).
Adjusted mortality rates over time were also higher among HD patients with COPD (Figure 1).
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Figure | Adjusted survival curves of subjects with and without COPD. A multivariable Cox proportional hazards model was constructed to compare covariate-adjusted
measures of mortality rates over time between study groups. The model was adjusted for age, gender, presence of heart failure, diabetes mellitus and ischemic heart disease.
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Discussion
A significant proportion of subjects who initiated HD for ESKD suffered from COPD. HD patients with COPD had
worse outcomes, including increased mortality and higher rates of ACS.

Some of our results are in-line with the previous report on the subject. In this study by Kent et al, subjects with COPD at
dialysis onset were more often males, with higher incidences of comorbidities such as coronary disease and heart failure, and
higher rates of active smoking.* However, the proportion of dialysis patients with COPD between 1995 and 2004 was 7.5%,
lower than in our study. This may reflect different lifestyle factors in the studied populations, different indications for HD, and
changing temporal trends, as the rate of COPD increased over the years in the study by Kent et al, which reported on subjects
10-20 years prior to our current study. Both studies report on the increased mortality and lower rates of KT among subjects on
dialysis with COPD.* Other studies which reported increased mortality among subjects with CKD and COPD, compared to
those without COPD, did not include patients who required HD.’

Several large-scale studies reported higher mortality of HD patients who smoked, irrespective of COPD diagnosis, and an
increased risk for cardiovascular-related hospital admissions among HD patients with COPD.® Overall, our findings are
supported by those previous reports associating COPD with increased morbidity and mortality among subjects on HD.

COPD patients in our study had significant disease burden and high-risk features, including recurrent severe exacerbations,
need for oxygen and home-ventilatory support, and low pulmonary function tests. Despite this high-risk profile, maintenance
inhaler appears to be underutilized. Inhaled medications are the cornerstone of drug therapy for COPD, and they are effective
in preventing exacerbations, and improving symptoms and quality of life. It should be acknowledged that we could not assess
treatment adherence and prescription rates, or the reasons for underuse of COPD therapies in out cohort.

COPD itself is associated with an increased cardiovascular risk, and a significantly increased risk for
cardiovascular events shortly following exacerbations, and up to a year afterward. Thus, preventing exacerbations
may be especially crucial in COPD patients with concomitant cardiovascular diseases.” Despite some concern
regarding an association of combination inhaled therapies and risk for adverse cardiovascular events, there is no
guidance to avoid inhaled medications based on cardiovascular comorbidities among COPD patients, especially
when acknowledging their benefits.® It is worth noting that safety and cost-benefit of inhaled therapies have not
been performed in HD patients since they are generally excluded from studies of medications for other diseases,
limiting our understanding of disease behavior and treatment effects in this population. Possible reasons for the
underuse of COPD therapy in our cohort may include low adherence rates, less attention to COPD as
a comorbidity, or fear of deleterious effects. However, those plausible causes cannot be ascertained in our study.

Limitations of our study include its retrospective, single-center design. The study groups were not balanced at baseline. We
tried to compensate for possible confounding by performing multivariate regression analyses of outcomes. While we found no
association between COPD therapy and severe exacerbation rates, this may result from the relatively small group of COPD
patients. The control group may have included subjects with undiagnosed, pauci-symptomatic COPD, since spirometry was
not universally performed, which could also bias the results. The diagnosis of severe COPD exacerbations was based on
hospitalizations notes and current definition of exacerbations, which is not specific, and difficult to ascertain retrospectively.
Other acute illnesses which are common in HD patients (respiratory infections, pulmonary congestion) might have been
misclassified as exacerbations. Significant variables which impact COPD patients were not available for assessment, including
symptoms burden, functional capacity, physical activity and frailty. Considering the relatively small group of COPD patients,
and since the vast majority (88%) suffered severe COPD exacerbations, it was not possible to assess associations between
severe exacerbations and other significant outcomes such as ACS and mortality.

In conclusion, COPD is common among subjects who initiate HD for ESKD. Subjects requiring chronic HD are negatively
affected by COPD, which is associated with severe exacerbations, acute coronary syndrome and increased mortality.

Data Sharing Statement

All data analyzed during this study are included in this article. Further enquiries can be directed to the corresponding author.
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