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Abstract

Background: Firefighters perform strenuous work in hot environments, which may
increase their risk of chronic kidney disease. The purpose of this study was to
evaluate the risk of end-stage renal disease (ESRD) and types of ESRD among a
cohort of US firefighters compared to the US general population, and to examine
exposure-response relationships.

Methods: ESRD from 1977 through 2014 was identified through linkage with
Medicare data. ESRD incidence in the cohort compared to the US population was
evaluated using life table analyses. Associations of all ESRD, systemic ESRD,
hypertensive ESRD, and diabetic ESRD with exposure surrogates (exposed days, fire
runs, and fire hours) were examined in Cox proportional hazards models adjusted for
attained age (the time scale), race, birth date, fire department, and employment
duration.

Results: The incidence of all ESRD was less than expected (standardized incidence
ratio (SIR)=0.79; 95% confidence interval =0.69-0.89, observed = 247). SIRs for
ESRD types were not significantly increased. Positive associations of all ESRD,
systemic ESRD, and hypertensive ESRD with exposed days were observed: however,
95% confidence intervals included one.

Conclusions: We found little evidence of increased risk of ESRD among this cohort
of firefighters. Limitations included the inability to evaluate exposure-response
relationships for some ESRD types due to small observed numbers, the limitations of
the surrogates of exposure, and the lack of information on more sensitive outcome

measures for potential kidney effects.
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1 | INTRODUCTION

Firefighters may be at increased risk of developing chronic kidney
disease because they perform strenuous work in hot environments.
Strenuous work with heat stress and dehydration may cause renal
impairment from clinical or subclinical rhabdomyolysis, hyperuricemia
and urate crystalluria, and hyperosmolality-induced release of
vasopressin and activation of the aldose reductase-fructokinase
pathway.? ! Increased concern about these potential heat-related
effects on kidney function has arisen due to an epidemic of chronic
kidney disease among sugarcane workers in Central America.'?
Chronic kidney disease in these workers has often progressed to end-
stage renal disease (ESRD).>*2 Chronic kidney disease has also been
observed among other heat-exposed workers and in other
regions.**214"17 However, few data exist on the risk of kidney
disease among firefighters.

Firefighters are at risk of heat stress from exposure to heat from
fires, ambient heat during hot weather, and metabolic heat generated
by strenuous physical work.'®1? The heavy, impermeable personal
protective equipment structural firefighters wear adds to their
metabolic workload and impairs evaporative cooling.'’ Increased
core body temperature and heat-related illnesses, including rhabdo-
myolysis and fatal heat stroke, have been documented among
firefighters and trainees.?° 28 Firefighters are also at risk of
dehydration,?’ which can contribute to kidney injury.30-%?

We previously evaluated mortality and cancer incidence among a
large National Institute for Occupational Safety and Health (NIOSH)
cohort of US firefighters from the Chicago, Philadelphia, and San
Francisco fire departments and found an increased risk of several
cancers including kidney cancer compared to the US general
population.®2%® Mortality from chronic and unspecified nephritis
and renal failure and other renal sclerosis, based on the underlying
cause of death, was elevated among Philadelphia firefighters
(standardized mortality ratio=1.35; 95% confidence interval
[CI1=1.03-1.73) but not Chicago or San Francisco firefighters.3
However, chronic kidney disease is usually not the underlying cause
of death even when mentioned on the death certificate.®* In this
study, we evaluate ESRD incidence in the NIOSH firefighter cohort
compared to the general population and relationships of ESRD with
surrogates of exposure. Chicago and Philadelphia have humid
continental climates, whereas San Francisco has a Mediterranean
climate.®> From 1981 to 2010, the average annual number of days
the temperature reached 32.2°C was 17 in Chicago, 25 in

Philadelphia, and 2 in San Francisco.®

2 | METHODS
2.1 | Cohort description
The previous mortality cohort included 29,992 career firefighters

employed by the fire departments of Chicago (CFD), Philadelphia
(PFD), and San Francisco (SFFD) for at least 1 day between the years

1950 and 2009, as described previously.>23% The current study
cohort includes 26,469 members of the mortality cohort who were
alive in 1977, when retrospective ascertainment of incident ESRD
began, or later. Firefighters of unknown race (n = 727) were assumed
White because 81% of firefighters of known race in the current
cohort were White and 70% of firefighters of unknown race were
hired before 1970 when minority hiring was lower. The cohort used
in the exposure-response analysis, hereafter referred to as the
restricted cohort, was further limited to 18,923 male firefighters of
known race hired in 1950 or later for at least 1 year.

The study received approvals from the Institutional Review
Boards of NIOSH and the National Cancer Institute. Informed

consent was waived for this records-based study.

2.2 | Exposure assessment

Exposure surrogates were calculated for the restricted cohort as
described previously.2”28 These surrogates were originally developed
to estimate exposure to combustion byproducts of fire for a cancer
study,®® but are used in this study as crude surrogates of
occupational heat exposure. Briefly, detailed work histories through
2009 were linked with job exposure matrices based on the job,
location, and fire-fighting apparatus assignments. Data were available
to calculate the number of exposed days (i.e., days worked in a job or
location with potential exposure) for CFD, PFD, and SFFD fire-
fighters; the number of fire runs for CFD and PFD firefighters; and
the number of fire hours (i.e., the time spent at fires) for CFD
firefighters.

2.3 | Ascertainment of vital status and ESRD

Vital status was ascertained through 2016 as described previ-
ously.3?°% Cohort members with incident ESRD treated with dialysis
or transplant from 1977 through 2014 were identified by linking the
cohort with Medicare data on persons with ESRD by Social Security
number (SSN), name, date of birth, and gender using the Fuzzy
Lookup Transformation in Microsoft SQL Server Integration
Services.>? Inexact matches were manually reviewed in descending
order of the overall similarity score until they were consistently
judged to be false matches. All inexact matches with an exact match
on the Social Security number were also manually reviewed.
Medicare data on persons with ESRD is maintained by the
Centers for Medicare & Medicaid Services (CMS) and includes
individuals who received Medicare-covered renal replacement
therapy (dialysis or transplant) in 1977 or later. Since 1973, most
persons with ESRD have been entitled to Medicare regardless of
age.®® Between the earliest years, when reporting was
incomplete, and 1995, when reporting of all ESRD patients
regardless of Medicare eligibility was mandated,** approximately
93% of ESRD patients in the United States were included in the

data collected.*®
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TABLE 1 Characteristics of the full

and restricted cohorts
Gender, n (%)

Male
Female
Race, n (%)
White
Other
Unknown
Fire department, n (%)
San Francisco
Chicago
Philadelphia
Vital status®, n (%)
Alive
Deceased

Lost to follow-up

Employment, median (IQR)

Year hired
Age at hire (years)

Duration (years)

Full cohort (N = 26,469) Restricted cohort® (N = 18,923)

25,480 (96.3) 18,923 (100)
989 3.7) - _
20,810 (78.6) 14,775 (78.1)
4932 (18.6) 4148 (21.9)
727 (2.8%) = =
4679 17.7) 3049 (16.1)
13,559 (51.2) 10,076 (53.3)
8231 (31.1) 5798 (30.6)
16,327 (61.7) >14,118° (>74.6)°
10,120 (38.2) 4794 (25.3)
22 (0.1) <11° (<0.1)°
1973 (1955-1991) 1978 (1965-1993)
28 (25-31) 27 (25-31)
23 (11-30) 23 (12-30)

Abbreviation: IQR, interquartile range.

#Male firefighters of a known race who were hired in 1950 or later and employed for at least 1 year.

bVital status at the end of follow-up (December 31, 2014) or the date of diagnosis, whichever was

earlier.

Cell size <11 or reporting the exact number allows a cell size <11 to be derived.

2.4 | Analysis

The incidence of ESRD among the overall cohort was compared to
that of the US general population in R version 4.1.3*? using the
methods described by Calvert et al.** Since the Medicare data on
ESRD are incomplete before 1977, cohort members who died before
1977 were excluded from the analyses. Person-years-at-risk (PYAR)
were accumulated from the date the cohort criteria were met or
January 1, 1977, whichever was later, to the first service date for
ESRD, the date of death, the date last observed, or the ending date of
the study (December 31, 2014), whichever was earliest. The first
service date for ESRD is generally the date on which renal
replacement therapy began and was used as a surrogate for the
date of onset for ESRD. PYAR were stratified by gender, race (White,
other), and 5-year intervals of age and calendar time and then
multiplied by the appropriate US ESRD incidence rates to calculate
the expected number of cases for each stratum. The US incidence
rates were created from CMS Medicare data and US census data as
described elsewhere.*® The expected number of ESRD cases in each
stratum was summed to obtain the total expected number. The
standardized incidence ratio (SIR) was calculated as the ratio of the

observed to the expected number of treated ESRD cases. SIRs were
also calculated for types of ESRD and for the restricted cohort.
Ninety-five percent Cls were computed assuming a Poisson
distribution for observed ESRD cases. Types of ESRD and the
corresponding International Classification of Diseases, 9th Revision,
Clinical Modification codes for the primary cause of renal failure in
the CMS data are listed in Supporting Information: Table S1.
Exposure-response associations within the restricted cohort
were examined with Cox proportional hazards regression using the
SAS PHREG procedure.** Risk sets comprised all restricted cohort
members at risk as of the attained age of the case who also matched
the case on race (White, other), birth date (within 5 years), and fire
department. Restricted cohort members were followed from the
completion of the 1-year eligibility period or January 1, 1977,
whichever was latest. The cumulative exposure metrics were lagged
10 and 20 years because chronic kidney failure generally develops
over many years. In categorical models, the cut-points were selected
to obtain an approximately equal number of cases in each exposure
quartile. Hazard ratios (HRs) were estimated from the maximum
partial likelihood ratio test and two-sided 95% Cls were based on the
profile likelihood. The exposure surrogates were also analyzed as
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continuous time-dependent variables in log-linear models where the
HR increases exponentially with exposure or, equivalently, the log of
the HR increases linearly with exposure. Because the exposure
surrogates were generally right-skewed and exposure-response
relationships in occupational studies are often attenuated at high
exposure levels,*> log-linear models were also evaluated excluding
person-time in the top decile of exposure. The healthy worker
survivor effect was addressed by repeating the analyses also
matching on employment duration (<10, 10-<20, 20-<30, and 30+
years). Modeling analyses were restricted to analyses with 30 or more

observed cases.

3 | RESULTS

Table 1 shows the demographic characteristics of the full and
restricted cohorts. Most members of the full cohort were male
(96.3%) and White (78.6%). Over three-fourths (78.1%) of the
restricted cohort of male firefighters were also White. The mean
employment duration for both cohorts was 21 years. At the end of
the follow-up, 38.2% of the full cohort and 25.3% of the restricted
cohort were deceased.

As shown in Table 2, the incidence of all ESRD was less than
expected among the full (SIR =0.79; 95% Cl = 0.69-0.89; observed =
247) and restricted (SIR: 0.73; 95% Cl =0.63-0.85; observed = 177)

cohorts. The median age at the time of onset was 69 years

(interquartile range =61-77) and 67 vyears (interquartile range:
59-73) among the full and restricted cohorts, respectively. SIRs for
ESRD due to metabolic disease (full cohort: 2.84; 95%
Cl=0.76-7.26; restricted cohort: 1.92; 95% Cl=0.22-6.94) and
ESRD due to collagen vascular disease (full cohort: 1.18; 95%
Cl=0.32-3.01; restricted cohort: 1.17; 95% Cl=0.24-3.42) were
elevated, although the Cls for these ESRD types were wide and
included one. The incidence of systemic ESRD and diabetic ESRD was
less than expected among the full (systemic ESRD: SIR=0.76; 95%
Cl=0.65-0.88; diabetic ESRD: SIR =0.66; 95% Cl=0.52-0.82) and
restricted (systemic ESRD: SIR=0.71; 95% Cl=059-0.84; diabetic
ESRD: SIR=0.63; 95% Cl=0.49-0.81) cohorts. The incidence of
ESRD caused by glomerulonephritis was also less than expected
among the full cohort (SIR =0.61; 95% Cl =0.35-0.97). The SIR for
ESRD caused by glomerulonephritis among the restricted cohort was
0.66 (95% Cl =0.36-1.10).

The results of internal analyses among the restricted cohort using
categorical models are shown in Table 3 (20-year lag) and Supporting
Information: Table S2 (10-year lag). Results reported herein were
obtained from the analyses with matching on employment dura-
tion, unless stated otherwise. HRs for all ESRD obtained from
categorical models increased in the second and third quartiles of
exposed days, but then decreased in the top quartile. HRs for
systemic ESRD increased with each exposed-day quartile in 20- and
10-year lagged analyses. HRs for hypertensive ESRD also increased
with the exposed-day quartile in 20- and 10-year lagged analyses

TABLE 2 SIRs for ESRD among the

full and restricted cohorts, 1977-2014

Full cohort Restricted cohort

Type of ESRD? Obs SIR 95% CI Obs SIR 95% CI
All ESRD 247 0.79 0.69-0.89 177 0.73 0.63-0.85
Systemic ESRD 180 0.76 0.65-0.88 132 0.71 0.59-0.84
Malignancy NR 0.83 0.27-1.94 NR 0.91 0.24-2.32
Diabetes mellitus 78 0.66 0.52-0.82 63 0.63 0.49-0.81
Metabolic disease NR 2.84 0.76-7.26 NR 1.92 0.22-6.94
Cystic nephropathy NR 0.69 0.22-1.60 NR 0.84 0.27-1.97
Collagen vascular disease NR 1.18 0.32-3.01 NR 1.17 0.24-3.42
Hypertension 81 0.88 0.70-1.10 53 0.81 0.60-1.05
Obstructive nephropathy NR 0.57 0.11-1.66 NR 0.60 0.07-2.16
Nonsystemic ESRD 22 0.67 0.42-1.02 NR 0.69 0.40-1.11
Glomerulonephritis NR 0.61 0.35-0.97 NR 0.66 0.36-1.10
Interstitial nephritis NR 1.05 0.34-2.45 NR 0.94 0.19-2.75
Other causes 17 1.05 0.61-1.67 NR 0.84 0.42-1.50
Unknown causes 28 1.06 0.70-1.53 17 1.00 0.58-1.61

Abbreviations: AIDS, acquired immunodeficiency syndrome; Cl, confidence interval; ESRD, end-stage
renal disease; NR, not reported (cell size <11 or reporting the cell size allows numbers <11 to be

derived); Obs, observed; SIR, standardized incidence ratio.

?ESRD due to AIDS, sickle cell disease, and hereditary nephropathy were omitted because no cases

were observed.
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TABLE 3 ESRD HRs by 20-year

lagged exposure surrogates obtained from

categorical models®

Exposure
surrogate (dept)

Not adjusted for
employment duration

Adjusted for
employment duration

Type of ESRD® Exposure category

All ESRD Exposed days (CFD,
PFD, SFFD)

<2212
2212-<4970
4970-<6972
6972+

Fire runs (CFD, PFD)
<1577
1577-<4491
4491-<7614
7614+

Fire hours (CFD)
<339
339-<986
986-<1688
1688+

Systemic Exposed days
(CFD, PFD, SFFD)

<2842
2842-<5232
5232-<7461
7461+

Fire runs (CFD, PFD)
<2198
2198-<4670
4670-<8344
8344+

Fire hours (CFD)
<363
363-<1071
1071-<1915
1915+

Diabetes mellitus Exposed days (CFD,
PFD, SFFD)

<2204
2204-<5184
5184-<7352
7352+

Fire runs (CFD, PFD)
<1990

HR 95% ClI

1.00 -

1.06 0.62-1.81
1.36 0.76-2.42
0.90 0.49-1.64

1.00 -

111 0.63-1.97
1.18 0.64-2.18
0.98 0.52-1.87

1.00 -

1.34 0.60-3.01
1.40 0.59-3.32
1.04 0.42-2.60

1.00 =

1.31 0.73-2.37
1.25 0.66-2.36
1.27 0.65-2.49

1.00 =
1.37 0.74-2.55
1.06 0.55-2.04

1.14 0.57-2.28

1.00 =

0.90 0.38-2.15
0.84 0.33-2.14
0.83 0.31-2.24

1.00 -

0.72 0.32-1.65
0.79 0.33-1.90
0.56 0.23-1.40

1.00 -

HR 95% ClI

1.00 -

1.21 0.67-2.19
1.78 0.87-3.61
1.35 0.62-2.91

1.00 -

1.16 0.63-2.15
1.20 0.60-2.41
1.04 0.50-2.18

1.00 -

1.47 0.62-3.50
1.56 0.61-3.98
1.14 041-3.11

1.00 =

1.48 0.74-2.96
1.58 0.71-3.51
1.94 0.81-4.62

1.00 =
1.45 0.74-2.86
1.03 0.49-2.17

1.14 0.51-2.53

1.00 =

0.99 0.39-2.50
0.86 0.31-2.37
0.77 0.26-2.32

1.00 -

0.78 0.30-1.98
0.93 0.31-2.78
0.87 0.27-2.82

1.00 -

(Continues)
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Type of ESRD®

Hypertension

Exposure
surrogate (dept)

Not adjusted for

employment duration

Adjusted for

employment duration

Exposure category HR 95% CI HR 95% CI
1990-<5544 0.79 0.33-1.89 0.78 0.30-2.04
5544-<8367 1.01 0.40-2.52 0.95 0.33-2.73
8367+ 0.76 0.29-1.99 0.78 0.25-2.39

Fire hours (CFD)
<522 1.00 - 1.00 -
522-<1080 1.06 0.34-3.31 0.92 0.28-3.06
1080-<2239 0.52 0.16-1.72 0.38 0.10-1.40
2239+ 0.84 0.23-3.03 0.59 0.14-2.48

Exposed days (CFD,

PFD, SFFD)
<2883 1.00 - 1.00 -
2883-<5315 1.61 0.57-4.55 2.64 0.77-8.99
5315-<7816 1.64 0.53-5.11 2.75 0.67-11.3
7816+ 2.32 0.70-7.67 4.51 0.97-20.9

Fire runs (CFD, PFD)
<1657 1.00 = 1.00 =
1657-<4574 1.27 0.42-3.84 1.77 0.55-5.74
4574-<6806 1.95 0.61-6.25 2.77 0.76-10.1
6806+ 1.04 0.31-3.51 1.36 0.35-5.34

Fire hours (CFD)
<345 1.00 — 1.00 —
345-<1139 1.14 0.27-4.71 1.58 0.36-6.93
1139-<1723 1.83 0.40-8.44 2.55 0.51-12.8
1723+ 1.27 0.25-6.30 1.59 0.28-8.96

Abbreviations: CFD, Chicago fire department; Cl, confidence interval; dept, fire departments included
in the analysis; ESRD, end-stage renal disease; HR, hazard ratio; PFD, Philadelphia fire department;
SFFD, San Francisco fire department.

2All models were adjusted for age (time scale) and for race (White/non-White), date of birth (within 5
years), and fire department by matching. Some models were also adjusted for employment duration
(<10, 10-<20, 20-<30, and 30+ years) by matching.

bAll modeling analyses were conducted among the restricted cohort and included 30 or more observed
ESRD cases with an approximately equal number of cases in each exposure quartile. The overall
numbers of ESRD cases in the analyses of exposed days were 177 for all ESRD, 132 for systemic
ESRD, 63 for diabetic ESRD, and 53 for hypertensive ESRD.

with an HR of 4.51 (95% Cl = 0.97-20.9) in the top quartile in 20-year
lagged analyses. HRs for diabetic ESRD increased with exposed-day
quartile in 10-year lagged analyses only.

The results of internal analyses among the restricted cohort using
log-linear models are shown in Table 4 (20-year lag) and Supporting
Information: Table S3 (10-year lag). The HR for all ESRD was 1.11
(95% ClI=0.99-1.25) and 1.08 (95% Cl=0.98-1.18) per 1000
exposed days in 20- and 10-year lagged analyses, respectively, when
person-time in the top exposure decile was excluded. In analogous

linear models including person-time in the top decile of exposure, the

HR for all ESRD was 1.05 (95% Cl =0.96-1.16) and 1.07 (0.99-1.16)
per 1000 exposed days in 20- and 10-year lagged analyses,
respectively.

Systemic ESRD HRs per 1000 exposed days were 1.05 (95%
Cl=0.95-1.18) and 1.07 (95% Cl=0.98-1.17) in 20- and 10-year
lagged analyses, respectively, when person-time in the top decile of
exposure was included and 1.07 (95% Cl =0.95-1.23) and 1.05 (95%
Cl=0.95-1.17) in 20- and 10-year lagged analyses, respectively,
when person-time in the top decile of exposure was excluded.
Hypertensive ESRD HRs per 1000 exposed days were 1.09 (95%
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TABLE 4 ESRD HRs by 20-year lagged exposure surrogates obtained from log-linear models®
Not adjusted for employment duration Adjusted for employment duration
Including the top Excluding the top Including the top Excluding the top
exposure decile exposure decile exposure decile exposure decile
Exposure HR per HR per HR per HR per
Type of ESRD®  surrogate® 1000¢ 95% Cl 1000¢ 95% Cl 1000¢ 95% Cl 1000¢ 95% Cl
All ESRD Exposed days  0.99 0.93-1.07 1.03 0.94-1.13 1.05 0.96-1.16 1.11 0.99-1.25
Fire runs 0.98 0.93-1.03 1.01 0.94-1.08 0.98 0.92-1.03 1.00 0.92-1.08
Fire hours 0.88 0.65-1.19 1.02 0.67-1.56 0.87 0.62-1.21 1.06 0.67-1.66
Systemic Exposed days 1.00 0.93-1.09 1.03 0.94-1.15 1.05 0.95-1.18 1.07 0.95-1.23
Fire runs 0.98 0.93-1.03 1.01 0.93-1.09 0.98 0.92-1.03 0.99 0.91-1.08
Fire hours 0.94 0.67-1.30 1.10 0.69-1.77 0.88 0.61-1.26 1.04 0.64-1.69
Diabetes mellitus Exposed days  0.96 0.87-1.07 0.96 0.84-1.10 1.02 0.89-1.19 1.01 0.86-1.21
Fire runs 0.96 0.89-1.03 1.00 0.90-1.11 0.95 0.87-1.04 0.98 0.87-1.11
Fire hours 0.79 0.50-1.25 1.10 0.60-2.07 0.69 0.40-1.14 0.94 0.48-1.83
Hypertension Exposed days 1.04 0.91-1.19 1.10 0.93-1.32 1.09 0.93-1.29 1.13 0.93-1.40
Fire runs 0.99 0.91-1.08 0.96 0.84-1.09 0.99 0.91-1.08 0.98 0.85-1.12
Fire hours 1.11 0.66-1.79 1.06 0.51-2.19 1.09 0.63-1.80 0.99 0.47-2.03

Abbreviations: Cl, confidence interval; ESRD, end-stage renal disease; HR, hazard ratio.

2All models were adjusted for age (time scale) and for race (White/non-White), date of birth (within 5 years), and fire department by matching. Some
models were also adjusted for employment duration (<10, 10-<20, 20-<30, and 30+ years) by matching.

PAll modeling analyses were conducted among the restricted cohort and included 30 or more observed ESRD cases. The overall numbers of ESRD cases in
analyses of exposed days were 177 for all ESRD, 132 for systemic ESRD, 63 for diabetic ESRD, and 53 for hypertensive ESRD.

“Exposed days were available for Chicago, Philadelphia, and San Francisco firefighters; fire runs for Chicago and Philadelphia firefighters; and fire hours for

Chicago firefighters.
41000 exposed days, 1000 fire runs, or 1000 fire hours.

Cl=0.93-1.29) and 1.10 (95% Cl=0.96-1.27) in 20- and 10-year
lagged analyses, respectively. When person-time in the top exposure
decile was excluded, the hypertensive ESRD HRs per 1000 exposed
days were 1.13 (95% Cl =0.93-1.40) and 1.09 (95% Cl =0.94-1.29)
in 20- and 10-year lagged analyses, respectively. In 10-year lagged
analyses, the diabetic ESRD HR per 1000 exposed days was 1.03
(95% CI=0.92-1.17) and 1.03 (95% Cl=0.90-1.19), including and

excluding person-time in the top exposure decile, respectively.

4 | DISCUSSION

The incidence of all ESRD, systemic ESRD, and diabetic ESRD was
less than expected based on rates of ESRD in the general population,
which is consistent with a healthy worker effect. Diabetes mellitus is
the most common cause of ESRD in the United States with over 45%
of incident ESRD attributed to diabetes in 2016.** Thus, these
findings may reflect, in part, differences in the prevalence and control
of diabetes mellitus among the cohort compared to the general
population. This is supported by the previously reported mortality
from diabetes mellitus in the mortality cohort (SMR=0.73; 95%
Cl =0.64-0.83).3% A lower prevalence of hyperglycemia among male

US firefighters than the general population has also been reported.*®

Increasing HRs were observed for systemic and hypertensive
ESRD with exposed days in 20- and 10-year lagged analyses and for
diabetic ESRD with exposed days in 10-year lagged analyses using
categorical models. In log-linear models, positive trends were
observed for all ESRD, systemic ESRD, and hypertensive ESRD with
exposed days, although the Cls included one. These associations with
exposed days, but not fire runs and fire hours, may reflect the
limitation of using fire runs and fire hours as surrogates for heat
exposure. Firefighters are also exposed to occupational heat
exposure and experience heat-related illnesses during other activities
such as training.2%2” For the purposes of this study, we assumed that
all three exposure surrogates would estimate occupational heat
exposure in addition to exposure to combustion byproducts of fire.
However, the exposure surrogates are likely crude measures of
exposure in this study because we were unable to include additional
information in the job exposure matrices regarding risk factors for
heat exposure such as environmental air temperature and humidity.
Other potential reasons for observing trends with exposed days but
not fire runs or fire hours include the lack of data on fire runs and fire
hours for all three fire departments and the potential impact of shift
work on kidney function.*”*8

The positive trend in hypertensive ESRD with exposed days,
although not statistically significant, raises the possibility that the
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work of firefighters may exacerbate underlying hypertensive kidney
disease. This trend could also potentially be due to an association
between hypertension and other occupational exposures. Occupa-
tional exposures that may increase the risk of hypertension include
particulate matter from fire smoke,*’ shift work,>® work-related

1 5253 and perfluoroalkyl substances.>*>> In a recent

stress,”! noise,
study, 69% of firefighters had hypertension and the prevalence of
hypertension was higher among male firefighters than in the general
population.>®

In the epidemic of chronic kidney disease in Central America,
kidney disease rarely co-occurred with diabetes or hypertension.>”
Biopsies from affected Central American workers showed intersti-
tial nephritis.>® A limitation of the current study was the inability
to evaluate the association of ESRD due to interstitial nephritis
with exposure surrogates due to the small number of observed
cases.

The current study also does not provide information on the risk
of chronic kidney disease that does not progress to ESRD. Other
limitations include the lack of data on occupational heat exposure,
surrogates of prolonged occupational heat exposure, and risk factors
for ESRD such as hypertension,® diabetes mellitus,’® and obesity.%*
In addition, cumulative exposure surrogates were negatively associ-
ated with leaving employment, which suggests that HRs obtained
from analyses using g-estimation instead of matching on employment
duration to account for the healthy worker survivor effect may be
lower. The findings are also not generalizable to wildland firefighters
because of differences in personal protective equipment (heavy
encapsulating turnout gear with self-contained breathing appara-
tus vs. light, somewhat breathable fabrics and no respiratory
protection), and the typical amount and duration of physical exertion
(short bursts of very strenuous work for about 30 min a few times
during a 24-h shift vs. relatively constant strenuous work during a
12-h shift each day during a 14-day deployment).

In summary, the firefighters in this study were not at an
increased risk of ESRD compared to the general population and
statistically significant associations of ESRD with exposure surrogates
were not observed. Only nonstatistically significant positive associa-
tions of all ESRD, systemic ESRD, and hypertensive ESRD with
exposed days were observed. Associations of ESRD due to interstitial
nephritis with surrogates of exposure could not be assessed due to
the small number of observed cases. Additional research using more
sensitive outcome measures to evaluate potential kidney effects

among firefighters is warranted.

AUTHOR CONTRIBUTIONS

Lynne E. Pinkerton conceived the study and wrote the first draft
of the manuscript. Stephen Bertke conducted the analysis. Travis
L. Kubale, James H. Yiin, and Robert D. Daniels acquired the data
and assembled the cohort. Matthew M. Dahm led the assessment

of the exposure surrogates. All authors participated in the

interpretation and presentation of results, approved the final
manuscript, and agreed to be accountable for all aspects of

the work.

ACKNOWLEDGMENTS

This study was made possible through the cooperation of the fire
departments of Chicago, Philadelphia, and San Francisco. We
acknowledge and thank the Centers for Medicare and Medicaid
Services for providing end-stage renal disease data and the
National Death Index for providing death data. We also thank
current and former NIOSH staff and contractors for their
contributions to the collection, cleaning, and management of the
data. The study was funded, in part, by an interagency agreement
with the United States Fire Administration. The research was also
supported in part by the intramural research programs at the
National Cancer Institute and the National Institute for Occupa-
tional Safety and Health.

CONFLICTS OF INTEREST

Lynne E. Pinkerton currently works for Maximus, Inc., which holds
contracts with CDC NIOSH for assistance, including the conduct of
research studies. The remaining authors declare that there are no
conflicts of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD
John Meyer declares that he has no conflict of interest in the review

and publication decision regarding this article.

DATA ACCESSIBILITY

The data that support the findings of this study are subjected to
restrictions. Data are provided to NIOSH from third-party govern-
ment agencies and are subjected to restrictions. Limited data may be

available upon request to NIOSH.

ETHICS APPROVAL AND INFORMED CONSENT

The study received approvals from the Institutional Review Boards of
the National Institute for Occupational Safety and Health and the
National Cancer Institute. Informed consent was waived for this

records-based study.

DISCLAIMER

The findings and conclusions in this report are those of the authors
and do not necessarily represent the official position of the National
Institute for Occupational Safety and Health, Centers for Disease

Control and Prevention.

ORCID

Lynne E. Pinkerton
Stephen Bertke
Miriam R. Siegel

http://orcid.org/0000-0002-8669-487X
http://orcid.org/0000-0002-3047-3816
http://orcid.org/0000-0002-0231-2564
http://orcid.org/0000-0001-5935-1874
http://orcid.org/0000-0002-3915-7991

James H. Yiin
Robert D. Daniels

85U80|7 SUOWWIOD 3A 8.0 (o (dde au Aq peusenob afe sejonse VO ‘@sn Jo sa|nJ Joj A%eiq8uljuO 3|1 UO (SUORIPUD-pU-SLLR)ALI0D A8 |1 AeIq U1 UO//:SANY) SUORIPUOD PUe SWe | 84} 89S *[2202/TT/0T] uo AriqiTaulluo A8|iMm ‘1O 0l d ISHON DA Aq SeveZ Wife/Z00T 0T/10p/w00 Ao 1w Areiq1jeul|uo//sdny wolj pepeojumoq ‘2T ‘2202 ‘v.20.60T


http://orcid.org/0000-0002-8669-487X
http://orcid.org/0000-0002-3047-3816
http://orcid.org/0000-0002-0231-2564
http://orcid.org/0000-0001-5935-1874
http://orcid.org/0000-0002-3915-7991

PINKERTON ET AL.

AMERICAN JOURNAL 983
OF

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Butler-Dawson J, Dally M, Johnson RJ, et al. Association of copeptin,
a surrogate marker of arginine vasopressin, with decreased kidney
function in sugarcane workers in Guatemala. Ann Nutr Metab.
2020;76:30-36. doi:10.1159/000506619

Garcia-Arroyo FE, Tapia E, Blas-Marron MG, et al. Vasopressin
mediates the renal damage induced by limited fructose rehydration
in recurrently dehydrated rats. Int J Biol. 2017;13(8):961-975.
doi:10.7150/ijbs.20074

Garcia-Trabanino R, Jarquin E, Wesseling C, et al. Heat stress,
dehydration, and kidney function in sugarcane cutters in El Salvador
—a cross-shift study of workers at risk of Mesoamerican nephropa-
thy. Environ Res. 2015;142:746-755. doi:10.1016/j.envres.2015.
07.007

Johnson RJ, Wesseling C, Newman LS. Chronic kidney disease of
unknown cause in agricultural communities. N Engl J Med.
2019;380(19):1843-1852. doi:10.1056/NEJMra1813869

Knochel JP, Dotin LN, Hamburger RJ. Heat stress, exercise, and
muscle injury: effects on urate metabolism and renal function. Ann
Intern Med. 1974;81:321-328. doi:10.7326/0003-4819-81-3-321
Paula Santos U, Zanetta DMT, Terra-Filho M, Burdmann E. Burnt
sugarcane harvesting is associated with acute renal dysfunction.
Kidney Int. 2015;87:792-799. doi:10.1038/ki.2014.306

Peraza S, Wesseling C, Aragon A, et al. Decreased kidney function
among agricultural workers in El Salvador. Am J Kidney Dis.
2012;59(4):531-540. doi:10.1053/j.ajkd.2011.11.039

Roncal Jimenez CA, Ishimoto T, Lanaspa MA, et al. Fructokinase
activity mediates dehydration-induced renal injury. Kidney Int.
2014;86:294-302. doi:10.1038/ki.2013.492

Roncal Jimenez C, Garcia-Trabanino R, Barregard L, et al. Heat stress
nephropathy from exercise-induced uric acid crystalluria: a perspec-
tive on Mesoamerican nephropathy. Am J Kidney Dis. 2016;67(1):
20-30. doi:10.1053/j.ajkd.2015.08.021

Roncal-Jimenez CA, Milagres T, Andres-Hernando A, et al. Effects of
exogenous desmopressin on a model of heat stress nephropathy in
mice. Am J Physiol Renal Physiol. 2017;312(3):F418-F426. doi:10.
1152/ajprenal.00495.2016

Wesseling C, Aragon A, Gonzilez M, et al. Kidney function in
sugarcane cutters in Nicaragua—a longitudinal study of workers at
risk of Mesoamerican nephropathy. Environ Res. 2016;147:125-132.
doi:10.1016/j.envres.2016.02.002

Glaser J, Lemery J, Rajagopalan B, et al. Climate change and the
emergent epidemic of CKD from heat stress in rural communities:
the case for heat stress nephropathy. Clin J Am Soc Nephrol.
2016;11:1472-1483. doi:10.2215/CJN.13841215

Correa-Rotter R, Wesseling C, Johnson RJ. CKD of unknown origin
in Central America: the case for a Mesoamerican nephropathy. Am
J Kidney Dis. 2014;63(3):506-520. doi:10.1053/j.ajkd.2013.10.062
Gallo-Ruiz L, Sennett CM, Sanchez-Delgado M, et al. Prevalence and
risk factors for CKD among brickmaking workers in La Paz Centro,
Nicaragua. Am J Kidney Dis. 2019;74(2):239-247. doi:10.1053/j.ajkd.
2019.01.017

Wesseling C, Aragon A, Gonzalez M, et al. Heat stress, hydration and
uric acid: a cross-sectional study in workers of three occupations in a
hotspot of Mesoamerican nephropathy in Nicaragua. BMJ Open.
2016;6(12):e011034. doi:10.1136/bmjopen-2016-011034
Wesseling C, Glaser J, Rodriguez-Guzman J, et al. Chronic kidney
disease of non-traditional origin in Mesoamerica: a disease primarily
driven by occupational heat stress. Rev Panam Salud Publica.
2020;44:e15. doi:10.26633/RPSP.2020.15

Yih WK, Kulldorff M, Friedman DJ, et al. Investigating possible
infectious causes of chronic kidney disease of unknown etiology in a
Nicaraguan Mining Community. Am J Trop Med Hyg. 2019;101(3):
676-683. doi:10.4269/ajtmh.18-0856

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

INDUSTRIAL MEDICINE]

Jacklitsch B, Williams WJ, Musolin K, Coca A, Kim J-H, Turner N.
NIOSH Criteria for a Recommended Standard: Occupational Exposure
to Heat and Hot Environments (DHHS (NIOSH) Publication 2016-106).
US Department of Health and Human Services, Centers for Disease
Control and Prevention, National Institute for Occupational Safety
and Health (NIOSH); 2016. Accessed April 28, 2022. https://www.
cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf?id=10.26616/
NIOSHPUB2016106

Smith DL, Manning TS, Petruzzello SJ. Effect of strenuous
live-fire drills on cardiovascular and psychological responses of
recruit firefighters. Ergonomics. 2001;44(3):244-254. doi:10.1080/
00140130121115

Centers for Disease Control and Prevention (CDC). Exertional
rhabdomyolysis and acute renal impairment—New York City and
Massachusetts. Morb Mortal Wkly Rep. 1990;39(42):751-756.

Fahy R. US Firefighter Deaths Related to Training, 2009-2018.
National Fire Protection Association (NFPA), NFPA Research;
2020.  https://www.nfpa.org/-/media/Files/News-and-Research/
Fire-statistics-and-reports/Emergency-responders/OSUSFirefighter
DeathsRelatedTraining.ashx

Heinzerling A, Laws RL, Frederick M, et al. Risk factors for
occupational heat-related illness among California workers,
2000-2017. Am J Ind Med. 2020;63:1145-1154. doi:10.1002/ajim.
23191

Hesketh M, Wuellner S, Robinson A, Adams D, Smith C, Bonauto D.
Heat related illness among workers in Washington State: a
descriptive study using workers' compensation claims, 2006-2017.
Am J Ind Med. 2020;63:300-311. doi:10.1002/ajim.23092

Horn GP, Blevins S, Fernhall B, Smith DL. Core temperature and heat
rate response to repeated bouts of firefighting activities. Ergonomics.
2013;56(9):1465-1473. doi:10.1080/00140139.2013.818719

Horn GP, Kesler RM, Kerber S, et al. Thermal response to firefighting
activities in residential structure fires: impact of job assignment and
suppression tactic. Ergonomics. 2017;61(3):404-419. doi:10.1080/
00140139.2017.1355072

Shults RA, Noonan GP, Turner N. International Association of Fire
Fighters (IAFF), Sedgwick County, Kansas (Health Hazard Evaluation
Report HETA-90-395-2121). US Department of Health and Human
Services, Centers for Disease Control, National Institute for
Occupational Safety and Health (NIOSH); 1991. https://www.cdc.
gov/niosh/hhe/reports/pdfs/1990-0395-2121.pdf

Baldwin T, Tarley J, Miles S. Captain Dies from Hyperthermia and
Exertional Heatstroke While Performing Advanced Survival Training—Texas
(FACE F2012-27). US Department of Health and Human Services,
Public Health Service, Centers for Disease Control and Prevention,
National Institute for Occupational Safety and Health (NIOSH);
2014. https://www.cdc.gov/niosh/fire/pdfs/face201227.pdf
Eisenberg J, Li JF, Feldmann KD. Evaluation of Rhabdomyolysis and
Heat Stroke in Structural Firefighter Cadets (Health Hazard Evaluation
Report 2018-0154-3361). US Department of Health and Human
Services, Centers for Disease Control and Prevention, National
Institute for Occupational Safety and Health (NIOSH); 2019. https://
www.cdc.gov/niosh/hhe/reports/pdfs/2018-0154-3361.pdf
Walker A, Pope R, Orr RM. The impact of fire suppression tasks on
firefighter hydration: a critical review with consideration of the
utility of reported hydration measures. Ann Occup Environ Med.
2016;28:63. doi:10.1186/s40557-016-0152-x

Chapman CL, Johnson BD, Vargas NT, Hostler D, Parker MD,
Schlader ZJ. Both hyperthermia and dehydration during physical work
in the heat contribute to the risk of acute kidney injury. J Appl Physiol.
2020;128(4):715-728. doi:10.1152/japplphysiol.00787.2019

Schlader ZJ, Chapman CL, Sarker S, et al. Firefighter work duration
influences the extent of acute kidney injury. Med Sci Sports Exerc.
2017;49(8):1745-1753. doi:10.1249/MSS.0000000000001254

8SUB01 7 SUOWIWIOD 3A1IR.D) 8|edl|dde au Aq pauienob afe saolie O ‘88N Jo S9N 10} Al 8UIIUO AB]1/M UO (SUORIPUOD-PUR-SLBY WD A8 | M ARIq 1 BU1IUO//SANY) SUORIPUOD PUe SWwid | 8Y) 88S *[¢202/TT/0T] uo Ariqiauliuo A8IM 11D 0Jul dLSHON DD Aq SerEZ Wike/z00T 0T/I0p/w0d A3 1M Areig1jeul|uo//sdny Woly papeojumoq ‘ZT ‘2202 ‘7.20L60T


https://doi.org/10.1159/000506619
https://doi.org/10.7150/ijbs.20074
https://doi.org/10.1016/j.envres.2015.07.007
https://doi.org/10.1016/j.envres.2015.07.007
https://doi.org/10.1056/NEJMra1813869
https://doi.org/10.7326/0003-4819-81-3-321
https://doi.org/10.1038/ki.2014.306
https://doi.org/10.1053/j.ajkd.2011.11.039
https://doi.org/10.1038/ki.2013.492
https://doi.org/10.1053/j.ajkd.2015.08.021
https://doi.org/10.1152/ajprenal.00495.2016
https://doi.org/10.1152/ajprenal.00495.2016
https://doi.org/10.1016/j.envres.2016.02.002
https://doi.org/10.2215/CJN.13841215
https://doi.org/10.1053/j.ajkd.2013.10.062
https://doi.org/10.1053/j.ajkd.2019.01.017
https://doi.org/10.1053/j.ajkd.2019.01.017
https://doi.org/10.1136/bmjopen-2016-011034
https://doi.org/10.26633/RPSP.2020.15
https://doi.org/10.4269/ajtmh.18-0856
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf?id=10.26616/NIOSHPUB2016106
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf?id=10.26616/NIOSHPUB2016106
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf?id=10.26616/NIOSHPUB2016106
https://doi.org/10.1080/00140130121115
https://doi.org/10.1080/00140130121115
https://www.nfpa.org/-/media/Files/News-and-Research/Fire-statistics-and-reports/Emergency-responders/OSUSFirefighterDeathsRelatedTraining.ashx
https://www.nfpa.org/-/media/Files/News-and-Research/Fire-statistics-and-reports/Emergency-responders/OSUSFirefighterDeathsRelatedTraining.ashx
https://www.nfpa.org/-/media/Files/News-and-Research/Fire-statistics-and-reports/Emergency-responders/OSUSFirefighterDeathsRelatedTraining.ashx
https://doi.org/10.1002/ajim.23191
https://doi.org/10.1002/ajim.23191
https://doi.org/10.1002/ajim.23092
https://doi.org/10.1080/00140139.2013.818719
https://doi.org/10.1080/00140139.2017.1355072
https://doi.org/10.1080/00140139.2017.1355072
https://www.cdc.gov/niosh/hhe/reports/pdfs/1990-0395-2121.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/1990-0395-2121.pdf
https://www.cdc.gov/niosh/fire/pdfs/face201227.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2018-0154-3361.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2018-0154-3361.pdf
https://doi.org/10.1186/s40557-016-0152-x
https://doi.org/10.1152/japplphysiol.00787.2019
https://doi.org/10.1249/MSS.0000000000001254

984

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

PINKERTON ET AL.

Daniels RD, Kubale TL, Yiin JH, et al. Mortality and cancer incidence
in a pooled cohort of US firefighters from San Francisco, Chicago
and Philadelphia (1950-2009). Occ Environ Med. 2014;71:388-397.
doi:10.1136/0emed-2013-101662

Pinkerton L, Bertke SJ, Yiin J, et al. Mortality in a cohort of US
firefighters from San Francisco, Chicago and Philadelphia: an update.
Occup Environ Med. 2020;77:84-93. doi:10.1136/0emed-2019-105962
Steenland K, Nowlin S, Ryan B, Adams S. Use of multiple-cause
mortality data in epidemiologic analyses: US rate and proportion files
developed by the National Institute for Occupational Safety and
Health and the National Cancer Institute. Am J Epidemiol. 1992;136:
855-862. doi:10.1093/aje/136.7.855

US Climate Map. Climate Map of American in PDF. 2021. https://
unitedstatesmaps.org/us-climate-map/

Null J. Golden Gate Weather Services. Comparative Climatic Data—
United States: Average Number of Days Maximum Temperature >90°F.
Golden Gate Weather Services; 2016. https://ggweather.com/ccd/
max90temp.htm

Daniels RD, Bertke S, Dahm MM, et al. Exposure-response
relationships for select cancer and non-cancer health outcomes in
a cohort of US firefighters from San Francisco, Chicago and
Philadelphia (1950-2009). Occ Environ Med. 2015;72:699-706.
doi:10.1136/0emed-2014-102671

Dahm MM, Bertke S, Allee S, Daniels RD. Creation of a retrospective
job-exposure matrix using surrogate measures of exposure for a
cohort of US career firefighters from San Francisco, Chicago and
Philadelphia. Occup Environ Med. 2015;72:670-677. doi:10.1136/
oemed-2014-102790

Microsoft. Fuzzy Lookup Transformation. 2017. https://docs.microsoft.
com/en-us/sql/integration-services/data-flow/transformations/fuzzy-
lookup-transformation?view=sql-server-ver15

Levinsky NG, Rettig RA. The Medicare end-stage renal disease
program. A report from the Institute of Medicine. N Engl J Med.
1991;324:1143-1148. doi:10.1056/NEJM199104183241628
United States Renal Data System (USRDS). USRDS Annual Data Report:
Epidemiology of Kidney Disease in the United States. National Institutes
of Health, National Institute of Diabetes and Digestive and Kidney
Diseases; 2018. https://www.usrds.org/previous-adrs/2010-2019/

R Core Team. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing; 2021. https://
www.r-project.org/

Calvert GM, Steenland K, Palu S. End-stage renal disease among
silica-exposed gold miners. A new method for assessing incidence
among epidemiologic cohorts. JAMA. 1997;277:1219-1223.

SAS. SAS Software, Version 9.4, Copyright (2002-2012). SAS and All
Other SAS Institute Inc. Product or Service Names are Registered
Trademarks or Trademarks of SAS Institute Inc. Cary, NC, USA.
Stayner L, Steenland K, Dosemeci M, Hertz-Picciotto I. Attenuation
of exposure-response curves in occupational cohort studies at high
exposure levels. Scand J Work Environ Health. 2003;29:317-324.
doi:10.5271/sjweh.737

Moffatt SM, Stewart DF, Jack K, et al. Cardiometabolic health
among United States firefighters by age. Prev Med Rep.
2021;23:101492. doi:10.1016/j.pmedr.2021.101492

Martino TA, Oudit GY, Herzenberg AM, et al. Circadian rhythm
disorganization produces profound cardiovascular and renal disease
in hamsters. Am J Physiol Regul Integr Comp Physiol. 2008;294:
R1675-R1683. doi:10.1152/ajpregu.00829.2007

Charles LE, Gu JK, Fekedulegn D, Andrew ME, Violanti JM,
Burchfiel CM. Association between shiftwork and glomerular
filtration rate in police officers. J Occup Environ Med. 2013;55(11):
1323-1328. doi:10.1097/JOM.0b013e3182a299c9

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Cai Y, Zhang B, Ke W, et al. Associations of short-term and long-
term exposure to ambient air pollutants with hypertension: a
systematic review and meta-analysis. Hypertension. 2016;68(1):
62-70. doi:10.1161/HYPERTENSIONAHA.116.07218

Choi B, Schnall P, Dobson M. Twenty-four-hour work shifts,
increased job demands, and elevated blood pressure in professional
firefighters. Int Arch Occup Environ Health. 2016;89(7):1111-1125.
doi:10.1007/s00420-016-1151-5

Cuffee Y, Ogedegbe C, Williams NJ, Ogedegbe G, Schoenthaler A.
Psychosocial risk factors for hypertension: an update of the
literature. Curr Hypertens Rep. 2014;16(10):483. doi:10.1007/
s11906-014-0483-3

Chen F, Fu W, Shi O, et al. Impact of exposure to noise on
hypertension: a systematic review and meta-analysis of cohort
studies. Environ Res. 2021;195:110813. doi:10.1016/j.envres.2021.
110813

Kales S, Tsismenakis AJ, Zhang C, Soteriades ES. Blood pressure in
firefighters, police officers, and other emergency responders. Am
J Hypertens. 2009;22(1):11-20. doi:10.1038/ajh.2008.296

Leary DB, Takazawa M, Kannan K, Khalil N. Perflouroalkyl
substances and metabolic syndrome in firefighters. J Occup Environ
Med. 2020;62(1):52-57. doi:10.1097/JOM.0000000000001756
Min JY, Lee KJ, Park JB, Min KB. Perflourooctanoic acid exposure is
associated with elevated homocysteine and hypertension in US
adults. Occup Environ Med. 2012;69(9):658-662. doi:10.1136/
oemed-2011-100288

Khaja SU, Mathias KC, Bode ED, et al. Hypertension in the United
States Fire Service. Int J Environ Res Public Health. 2021;18:5432.
doi:10.3390/ijerph18105432

Fischer RSB, Mandayam S, Chavarria D, et al. Clinical evidence of
acute Mesoamerican nephropathy. Am J Trop Med Hyg. 2017;97(4):
1247-1256. doi:10.4269/ajtmh.17-0260

Fischer RSB, Vangala C, Truong L, et al. Early detection of acute
tubulointerstitial nephritis in the genesis of Mesoamerican nephrop-
athy. Kidney Int. 2018;93(3):681-690. doi:10.1016/j.kint.2017.
09.012

Hsu CY, McCulloch CE, Darbinian J, Go AS, Iribarren C. Elevated
blood pressure and risk of end-stage renal disease in subjects
without baseline kidney disease. Arch Intern Med. 2005;165:
923-928. doi:10.1001/archinte.165.8.923

Brancati FL, Whelton PK, Randall BL, Neaton JD, Stamler J, Klag MJ.
Risk of end-stage renal disease in diabetes mellitus: a prospective
cohort study of men screened for MRFIT. JAMA. 1997;278:
2069-2074. doi:10.1001/jama.1997.03550230045035

Hsu CY, McCulloch CE, Iribarren C, Darbinian J, Go AS. Body mass
index and risk for end-stage renal disease. Ann Intern Med. 2006;144:
21-28. doi:10.7326/0003-4819-144-1-200601030-00006

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Pinkerton LE, Bertke S, Dahm MM,
et al. End-stage renal disease incidence in a cohort of US
firefighters from San Francisco, Chicago, and Philadelphia.
Am J Ind Med. 2022;65:975-984. doi:10.1002/ajim.23435

85U80|7 SUOWWIOD 3A 8.0 (o (dde au Aq peusenob afe sejonse VO ‘@sn Jo sa|nJ Joj A%eiq8uljuO 3|1 UO (SUORIPUD-pU-SLLR)ALI0D A8 |1 AeIq U1 UO//:SANY) SUORIPUOD PUe SWe | 84} 89S *[2202/TT/0T] uo AriqiTaulluo A8|iMm ‘1O 0l d ISHON DA Aq SeveZ Wife/Z00T 0T/10p/w00 Ao 1w Areiq1jeul|uo//sdny wolj pepeojumoq ‘2T ‘2202 ‘v.20.60T


https://doi.org/10.1136/oemed-2013-101662
https://doi.org/10.1136/oemed-2019-105962
https://doi.org/10.1093/aje/136.7.855
https://unitedstatesmaps.org/us-climate-map/
https://unitedstatesmaps.org/us-climate-map/
https://ggweather.com/ccd/max90temp.htm
https://ggweather.com/ccd/max90temp.htm
https://doi.org/10.1136/oemed-2014-102671
https://doi.org/10.1136/oemed-2014-102790
https://doi.org/10.1136/oemed-2014-102790
https://docs.microsoft.com/en-us/sql/integration-services/data-flow/transformations/fuzzy-lookup-transformation?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/integration-services/data-flow/transformations/fuzzy-lookup-transformation?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/integration-services/data-flow/transformations/fuzzy-lookup-transformation?view=sql-server-ver15
https://doi.org/10.1056/NEJM199104183241628
https://www.usrds.org/previous-adrs/2010-2019/
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.5271/sjweh.737
https://doi.org/10.1016/j.pmedr.2021.101492
https://doi.org/10.1152/ajpregu.00829.2007
https://doi.org/10.1097/JOM.0b013e3182a299c9
https://doi.org/10.1161/HYPERTENSIONAHA.116.07218
https://doi.org/10.1007/s00420-016-1151-5
https://doi.org/10.1007/s11906-014-0483-3
https://doi.org/10.1007/s11906-014-0483-3
https://doi.org/10.1016/j.envres.2021.110813
https://doi.org/10.1016/j.envres.2021.110813
https://doi.org/10.1038/ajh.2008.296
https://doi.org/10.1097/JOM.0000000000001756
https://doi.org/10.1136/oemed-2011-100288
https://doi.org/10.1136/oemed-2011-100288
https://doi.org/10.3390/ijerph18105432
https://doi.org/10.4269/ajtmh.17-0260
https://doi.org/10.1016/j.kint.2017.09.012
https://doi.org/10.1016/j.kint.2017.09.012
https://doi.org/10.1001/archinte.165.8.923
https://doi.org/10.1001/jama.1997.03550230045035
https://doi.org/10.7326/0003-4819-144-1-200601030-00006
https://doi.org/10.1002/ajim.23435



