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Abstract: Background: Pneumoconiosis has considerable comorbidities, most notably pulmonary
and cardiovascular diseases. However, the relationship between pneumoconiosis and chronic kidney
disease (CKD) is largely unknown. The present study aimed to use a retrospective cohort study
design to further clarify the association between pneumoconiosis and subsequent CKD risk. Methods:
This is a nationwide, population-based, retrospective cohort study that used data from Taiwan’s
National Health Insurance Database. Between 2008 and 2018, 17,952 newly diagnosed patients
were included in the pneumoconiosis cohort, while 71,808 individuals without pneumoconiosis
were included in the comparison cohort, with a propensity score matching for age, gender, and
date of pneumoconiosis diagnosis. The development of CKD was monitored until the end of
2019. The risk was assessed using Cox proportional hazard regression models. Results: After
controlling for age, gender, and comorbidity, the overall incidence of CKD was 1.69-fold higher in
the pneumoconiosis cohort than in the comparison cohort (19.71 vs. 11.76 per 1000 person-years,
respectively, p < 0.001), with an adjusted hazard ratio of 1.83 (95% confidence interval: 1.73-1.93).
Stratified analyses by age group, gender, and presence of comorbidity revealed that the adjusted
hazard ratios of CKD associated with pneumoconiosis remained significant (8/9). Furthermore,
pneumoconiosis and tri-high (hypertension, hyperglycemia, and hyperlipidemia) interact positively
with CKD development (p < 0.001). Conclusion: Patients with pneumoconiosis had a significantly
higher risk of developing CKD than those without. Pneumoconiosis combined with hypertension,
hyperglycemia, or hyperlipidemia would increase the risk even further. More studies are required to
understand the possible pathophysiological mechanisms.

Keywords: interstitial lung disease (ILD); pneumoconiosis; chronic kidney disease (CKD)

1. Introduction

Pneumoconiosis is a group of heterogeneous occupational interstitial lung diseases
caused by the inhalation of mineral dust in the lungs [1]. It is prevalent worldwide, and
there has remained a high incidence in recent years. According to a systematic analysis for
the Global Burden of Disease Study, the prevalence of pneumoconiosis is estimated to be
around 527,500 cases, with over 60,000 new cases reported each year. Since 2015, pneumo-
coniosis mortality has remained high, with over 21,000 deaths each year [2]. Mineral dust is
a complex mixture that can cause a wide range of respiratory and nonrespiratory diseases.
Exposure to mineral dust is associated with increased mortality from these diseases [3-5].
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Pneumoconiosis has been linked to several comorbidities, particularly pulmonary
and cardiovascular complications [6-10]. Common comorbidities include hypertension,
chronic obstructive pulmonary disease (COPD), hyperlipidemia, diabetes mellitus (DM),
ischemic heart disease (IHD), atrial fibrillation, congestive heart failure, gastroesophageal
reflux disease, benign prostatic hyperplasia, chronic kidney disease (CKD), and hypothy-
roidism [5,11]. Among these, CKD is a reasonable but largely unexplored comorbidity.

Pneumoconiosis could be subdivided into several categories, such as coal workers
pneumoconiosis, asbestosis, and silicosis. Silicosis has been reported to have an association
with CKD [12-14]. Previous studies suggest that either a direct toxic action of inhaled
silica on the glomerulus and proximal tubules or other autoimmune processes, such as
silica-induced scleroderma, lead to chronic kidney injury. In addition, dust particles
(<2.5 um in diameter) can be inhaled deeply into the lungs, with a portion deposited in the
alveoli and entering the pulmonary and systemic circulation, leading to an inflammatory
response, vascular injury, and thromboembolic processes, which can contribute to the
development of cardiovascular disease and CKD [6,15,16]. However, the precise association
between pneumoconiosis and CKD remains inconclusive. This study aimed to further
clarify the association between pneumoconiosis and the risk of developing CKD.

’

2. Materials and Methods
2.1. Data Source

Taiwan’s National Health Insurance (NHI) program was established in 1995 and has
covered 99.5% of its residents or more since 2010. The National Health Insurance Database
was set up and is managed by Taiwan’s Ministry of Health and Welfare. The National
Health Insurance Database, which included 31,486,225 people and detailed medical infor-
mation from 2008 to 2019, was used in this study. This study was approved by the Research
Ethics Committee of the China Medical University Hospital (CMUH110-REC3-133).

2.2. Study Cohorts

People under 20 years old were excluded from the study because they have less
work experience and insufficient dust exposure to develop pneumoconiosis. Adults newly
diagnosed with pneumoconiosis (International Classification of Diseases [ICD] codes
500-505 and J60-J65) between 2008 and 2018 were included in the pneumoconiosis cohort
(Figure 1). Similar methods have been reported elsewhere [9]. Patients who had CKD prior
to the diagnosis of pneumoconiosis were excluded. Adults without pneumoconiosis were
included in the comparison cohort, with a propensity score matching for age, gender, and
date of pneumoconiosis diagnosis. Both cohorts were followed until a new CKD diagnosis,
insurance system withdrawal, death, or the end of 2019, whichever came first.

National Health Insurance Database
(2008—2019, N = 31.,486,225)

3 Exclusion:
i * people with age <20 years or missing
‘”"*v: information of age or gender (» = 10,100,334),
I’ patients with CKD before index date (n =
1,159,264)

[ | 1

[ Pneumoconiosis cohort Non-pneumoconiosis cohort

(n=17.952) (n=20,208,675)

1:4 propensity score
matching by sex, age, ————

.
and index year

A

Pneumoconiosis cohort Non-pneumoconiosis cohort
(n=17952) (n=71,808)

Figure 1. Flowchart of participants selection.
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2.3. Outcome and Covariates

In this study, the primary outcome was CKD (ICD codes 585 and N18.4, N18.5, N18.6,
and N18.9), with age, gender, and comorbidities acting as confounding factors. Therefore,
several related comorbidities at baseline were selected for adjustment, including hyperten-
sion (ICD codes 401-405 and I10-116), DM (ICD codes 250 and E08-E13), hyperlipidemia
(ICD codes 272 and E78), IHD (ICD codes 410-414 and 120-125), and cerebrovascular disease
(CVD, ICD 430-438 and 160-169).

2.4. Statistical Analysis

The proportional distributions of age group, gender, and comorbidity were compared
between the two cohorts using the Chi-squared test, while the mean age was compared
using the Student’s ¢-test. In addition, we calculated standardized mean difference (SMD)
to compare the differences of categorical and continuous variables between the two cohorts.
The cumulative incidence of CKD in the pneumoconiosis and comparison cohorts was
estimated using the Kaplan—-Meier method, with the log-rank test used to determine
significance. Univariable and multivariable Cox proportional hazard regression models
were used to estimate crude and adjusted hazard ratios (cHRs and aHRs), as well as 95%
confidence intervals (Cls). Data were analyzed using the SAS statistical software (version
9.4 for Windows; SAS Institute, Inc., Cary, NC, USA). A p-value of less than 0.05 was
considered statistically significant.

3. Results

This study included 17,952 patients in the pneumoconiosis cohort and 71,808 indi-
viduals in the comparison cohort (Table 1). The mean age was 69.67 £ 11.45 years in the
pneumoconiosis cohort and 69.62 & 11.62 years in the comparison cohort. The pneumo-
coniosis cohort had 87.43% males, while the comparison cohort had 87.49% males. The
proportions of comorbidities in the pneumoconiosis and comparison cohorts were as fol-
lows: hypertension (37.73% vs. 34.09%); hyperlipidemia (19.35% vs. 19.17%); IHD (15.84%
vs. 12.68%); DM (15.02% vs. 15.99%); and CVD (11.56% vs. 9.23%). The mean follow-up
time was 5.43 &£ 3.66 and 7.11 + 3.60 years in the pneumoconiosis and comparison co-
horts, respectively. During the follow-up period, the cumulative incidence of CKD was
significantly higher in the pneumoconiosis cohort than in the comparison cohort (Figure 2,
p <0.001 in the log-rank test).
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Figure 2. Cumulative incidence of chronic kidney disease in the pneumoconiosis and the nonpneu-
moconiosis cohorts.
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Table 1. Characteristics for individuals with and without pneumoconiosis.

Pneumoconiosis
No Yes
p-Value * SMD *#
N = 71,808 N =17,952
n % n %

Age 0.9942 0.002
20—49 4165 5.80 1045 5.82
50—64 15,600 21.72 3900 21.72
>65 52,043 72.48 13,007 72.45
Mean =+ SD 69.62 +11.62 69.67 +11.45 0.6080 0.001
Gender 0.8323 <0.001
Men 62,826 87.49 15,696 87.43 <0.001
Women 8982 12.51 2256 12.57 0.004
Comorbidity
Hypertension 24,482 34.09 6774 37.73 <0.001 0.076
Diabetes mellitus 11,481 15.99 2696 15.02 0.0014 0.027
Hyperlipidemia 13,764 19.17 3473 19.35 0.5876 0.005
Ischemic heart disease 9103 12.68 2844 15.84 <0.001 0.091
Cerebrovascular disease 6628 9.23 2076 11.56 <0.001 0.077

SD, standard deviation; SMD, standardized mean difference. * Chi-squared test and f-test. # A SMD < 0.1 indicates
a negligible difference between the two cohorts.

The overall incidence of CKD was 1.69-fold higher in the pneumoconiosis cohort than
that in the comparison cohort (19.71 vs. 11.76 per 1000 person-years, respectively, p <0.001,
Table 2), with an aHR of 1.83 (95% CI: 1.73-1.93) after controlling for age, gender, and comor-
bidity. The aHRs of CKD were 2.43-fold higher in patients aged 50-64 (95% CI: 1.93-3.07)
and 4.84-fold higher in those aged 65 or older (95% CI: 3.87—6.05) than in those aged 20—49.
The aHR of CKD was 1.42-fold higher in men than in women (95% CI: 1.32-1.53). Fur-
thermore, the CKD risk was significantly higher in patients with hypertension (aHR: 2.76,
95% ClI: 2.62-2.91), DM (aHR: 2.07, 95% CI: 1.96-2.19), IHD (aHR: 1.24, 95% CI: 1.17-1.31),
CVD (aHR: 1.19, 95% CI: 1.12-1.27), and hyperlipidemia (aHR: 1.08, 95% CI: 1.03-1.15) than
in those without these comorbidities.

After adjusting for age, gender, and the presence of comorbidities, the incidences
and aHRs of CKD in the pneumoconiosis cohort were all significantly higher than in the
comparison cohort (Table 3). In the 2049, 50-64, and > 65 age groups, the age-specific
aHRs in the pneumoconiosis cohort compared to the comparison cohort were 1.35 (95% CI:
0.79-2.32), 1.85 (95% CI: 1.59-2.14), and 1.85 (95% CI: 1.75-1.96), respectively. The gender-
specific aHRs in the pneumoconiosis cohort compared to the comparison cohort were 1.96
(95% CI: 1.66-2.30) in females and 1.82 (95% CI: 1.72-1.92) in males. The comorbidity-
specific aHRs in the pneumoconiosis cohort compared to the comparison cohort were 2.07
(95% CI: 1.94-2.21) in those with comorbidity and 1.22 (95% CI: 1.11-1.34) in those without.

Table 4 shows the risk of CKD in pneumoconiosis in relation to tri-high (hypertension,
hyperglycemia, and hyperlipidemia). The aHRs of CKD in those with any one of the
tri-highs but no pneumoconiosis, those with pneumoconiosis but no tri-high, and those
with both pneumoconiosis and any one of the tri-highs were 4.53 (95% CI: 4.21-4.87),
3.97 (95% CI: 3.63—4.33), and 5.01 (95% CI: 4.50-5.58), respectively, compared to those
with neither pneumoconiosis nor tri-high, with a significant p-value for the interaction
(p < 0.001). Similar results were obtained when pneumoconiosis interacted with any two of
the tri-high (p < 0.001) and all the tri-highs (p < 0.001).
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Table 2. Risk factor analyses for chronic kidney disease among all study individuals.

Crude HR Adjusted HR #
+
Event PY IR (95% CI) (95% CI)

Pneumoconiosis

No 6003 510,372 11.76 1.00 (Reference) 1.00 (Reference)

Yes, overall 1922 97,496 19.71 1.69 (1.61—1.78) *** 1.83 (1.73—1.93) ***

Coal exposure 810 37,320 21.70 1.86 (1.73—2.00) *** 1.96 (1.82—2.11) ***

Asbestos exposure 25 1430 17.48 1.51 (1.02—2.24) * 1.24 (0.84—1.84)

Silica exposure 64 4595 13.93 1.20 (0.93—1.53) 1.32 (1.03—1.69) *

Age

20—49 78 35,767 2.18 1.00 (Reference) 1.00 (Reference)

50—64 958 127,259 7.53 3.46 (2.74—4.35) *** 2.43 (1.93—-3.07) ***

>65 6889 444,842 15.49 7.11 (5.69—8.88) *** 4.84 (3.87—6.05) ***

Gender

Women 751 72,305 10.39 1.00 (Reference) 1.00 (Reference)

Men 7174 535,563 13.40 1.29 (1.19—1.39) *** 1.42 (1.32—1.53) ***

Comorbidity

Hypertension

No 3204 433,138 7.40 1.00 (Reference) 1.00 (Reference)

Yes 4721 174,730 27.02 3.74 (3.58—3.92) *** 2.76 (2.62—2.91) ***

Diabetes mellitus

No 5426 533,436 10.17 1.00 (Reference) 1.00 (Reference)

Yes 2499 74431 33.57 3.37 (3.21—3.53) *** 2.07 (1.96—2.19) ***

Hyperlipidemia

No 5690 514,953 11.05 1.00 (Reference) 1.00 (Reference)

Yes 2235 92,914 24.05 2.22 (2.11-2.33) *** 1.08 (1.03—1.15) ***

IHD

No 6183 544,849 11.35 1.00 (Reference) 1.00 (Reference)

Yes 1742 63,019 27.64 247 (2.34—2.61) *** 1.24 (1.17—1.31) ***

CVD

No 6740 566,416 11.90 1.00 (Reference) 1.00 (Reference)

Yes 1185 41,452 28.59 2.45 (2.30—2.60) *** 1.19 (1.12—1.27) ***

CI, confidence interval; CVD, cerebrovascular disease; IHD, ischemic heart disease; IR, incidence rate; HR, hazard
ratio; PY, person-years.  Incidence rate per 1000 person-years. # Multivariable analysis including age, gender,
and comorbidity. * p < 0.05; *** p < 0.001.

Table 3. Incidence rates and hazard ratios of chronic kidney disease for individuals with and without
pneumoconiosis by age, gender, and comorbidity.

Pneumoconiosis
No Yes
+ + Crude HR Adjusted HR #
Event PY IR Event PY IR 95% CI) (95% CI)

Age Mode 1
20—49 59 29,070 2.03 19 6697 2.84 1.39 (0.83-2.33) 1.35 (0.79-2.32)
50—64 700 104,504 6.70 258 22,755 11.34 1.71 (1.49-1.98) *** 1.85 (1.59-2.14) ***
>65 5244 376,798 13.92 1645 68,044 24.18 1.75 (1.65-1.85) *** 1.85 (1.75-1.96) ***

Gender Mode 2
Women 536 59,437 9.02 215 12,868 16.71 1.87 (1.60-2.19) *** 1.96 (1.66-2.30) ***
Men 5467 450,935 12.12 1707 84,628 20.17 1.68 (1.59-1.77) *** 1.82 (1.72-1.92) ***

Comorbidity Mode 3
No 1436 324,304 443 807 54,453 14.82 3.48 (3.19-3.79) *** 3.60 (3.25-3.97) ***
Yes 4567 186,068 24.54 1115 43,043 25.90 1.07 (1.00-1.14) * 1.19 (1.11-1.27) ***

CI, confidence interval; HR, hazard ratio; IR, incidence rate; PY, person-years. * Incidence rate per 1000 person-
years. # Multivariable analyses performed in mode 1 (adjusted for gender and comorbidity), mode 2 (adjusted
for age and comorbidity), and mode 3 (adjusted for age and gender). } Individuals with any comorbidity of
hypertension, diabetes, hyperlipidemia, ischemic heart disease, or cerebrovascular disease were classified into the
comorbidity group. * p <0.05, ** p < 0.001.
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Table 4. Cox proportional hazard regression analysis for the risk of chronic kidney disease-associated
pneumoconiosis with interaction of tri-high (hypertension, hyperglycemia, and hyperlipidemia).

Variables Case Event Adjusted HR *
N n (95% CI)
Pneumoconiosis 1 of tri-high
No No 41,934 1601 1 (Reference)
No Yes 14,801 1970 4.53 (4.21—4.87) ***
Yes No 9711 871 3.97 (3.63—4.33) ***
Yes Yes 4626 503 5.01 (4.50—5.58) ***
p for interaction < 0.001
Pneumoconiosis 2 of tri-high
No No 41,934 1601 1 (Reference)
No Yes 10,293 1588 6.04 (5.59—6.54) ***
Yes No 9711 871 3.92 (3.59—4.29) ***
Yes Yes 2508 370 7.68 (6.79—8.67) ***
p for interaction < 0.001
Pneumoconiosis 3 of tri-high
No No 41,934 1601 1 (Reference)
No Yes 4780 844 7.22 (6.54—7.97) ***
Yes No 9711 871 3.67 (3.35—4.02) ***
Yes Yes 1097 178 8.20 (6.93—9.70) ***

p for interaction < 0.001

CI, confidence interval; HR, hazard ratio. T Multivariable analysis including age, gender, and comorbidity.
%%
p <0.001.

4. Discussion

In the nationwide, population-based, retrospective cohort study evaluating the rela-
tionship between pneumoconiosis and subsequent CKD risk, patients with pneumoconiosis
had a significantly higher risk of CKD than those without. Further analysis showed that
pneumoconiosis-associated CKD risk was significantly higher in most age, gender, and
comorbidity subgroups. Furthermore, pneumoconiosis and tri-high (hypertension, hyper-
glycemia, and hyperlipidemia) interact positively with CKD development. Finally, the
study provided valuable epidemiologic data for pneumoconiosis on a large scale.

The prevalence of CKD in patients with pneumoconiosis has been reported. Between
2011 and 2014, Paul et al. collected data on 8531 patients with pneumoconiosis from
the 5% Medicare Claims Limited Data Set in the United States, and 2568 patients died
during the follow-up period [5]. They reported that CKD accounted for 6.8% of all patients
with pneumoconiosis and 12.5% of those who died. In another study, Hu et al. collected
12,209 patients with pneumoconiosis from the Taiwan National Health Insurance Database
and reported that 535 (4.38%) of them had CKD [9]. This indicates that CKD is a significant
comorbidity of pneumoconiosis.

Only a few studies have directly focused on pneumoconiosis and the subsequent
development of CKD, and these studies all investigated exposure to silica [12-14,17,18].
Rapiti et al. [12] first reported that ceramic workers exposed to silica dust develop end-stage
renal disease more frequently than those who are unexposed. Rosenman et al. [13] reported
that approximately 58 of 583 patients with silicosis had CKD. Millerick-May et al. [14]
reported that approximately 740 of 1072 patients with silicosis had stage I or greater CKD.
However, Steenland et al. [17] did not find a significant association between silicosis and
end-stage renal disease. Additionally, Raanan et al. [18] did not identify an association
between occupational silica exposure and renal disease. In the present study, the risk of
CKD was significantly higher in patients with silicosis than those without pneumoconiosis
(13.93 vs. 11.76 per 1000 person-years, aHR: 1.32, 95% CI: 1.03-1.69).

The underlying mechanism of the association between pneumoconiosis and CKD has
largely remained unknown. The most common causes of CKD are DM and hypertension.
Hyperglycemia primarily causes increases in growth factor, angiotensin II, endothelin,
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and advanced glycation end products, which contribute to hyperfiltration, whereas hy-
pertension primarily causes abnormal autoregulation of the afferent arteriole, leading to
hyperfiltration [19]. Pneumoconiosis-related inflammatory responses, vascular injury, and
thromboembolic processes may all play a role in the development of CKD [6]. Furthermore,
previous studies on silicosis and CKD suggested that either a direct toxic action of inhaled
dust or other autoimmune processes could lead to chronic kidney injury [12-14].

The risk of CKD in the different categories of pneumoconiosis is unknown. In this
study, the incidence of CKD was 21.70 per 1000 person-years in those exposed to coal dust,
17.48 per 1000 person-years in those exposed to asbestos, and 13.93 per 1000 person-years
in those exposed to silica. Interestingly, patients with coal workers” pneumoconiosis had a
higher incidence of CKD than those with other categories of pneumoconiosis, suggesting
that further investigation is necessary. We also found a typical dose-dependence of the tri-
high on the CKD risk in patients with pneumoconiosis. We must pay more attention to the
development of CKD in pneumoconiosis patients with additional tri-high comorbidities.

The strength of this study is the establishment of a large-scale pneumoconiosis cohort
and a well-matched cohort for comparison. Almost all participants completed the follow-
up. A prospective cohort study is costly; thus, a retrospective cohort study using Taiwan
NHIRD is a suitable and economical alternative [20,21]. Furthermore, this study was able
to reflect a “real-world” scenario in which pneumoconiosis, CKD, and all comorbidities
were directly diagnosed during medical consultation.

Our study has some limitations that should be considered. First, pneumoconiosis,
CKD, and comorbidities were defined using ICD codes, and all diagnoses were based
on clinical physicians’ competence. Second, the database lacks detailed information on
smoking habits, occupational exposure, and family history, all of which are related factors.
Third, relevant clinical variables, such as laboratory data, pulmonary function tests, imaging
results, and pathology findings, were unavailable.

5. Conclusions

Patients with pneumoconiosis had a significantly higher risk of developing CKD than
those without. Pneumoconiosis combined with hypertension, hyperglycemia, or hyperlipi-
demia would increase the risk even further. More studies are required to understand the
possible pathophysiological mechanisms.
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