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BACKGROUND: Exposure to certain chemicals in disinfectants has been associated with vascular dysfunction in toxicological studies, but the association
between disinfectant exposure and clinical cardiovascular disease (CVD) remains unclear.
OBJECTIVE: The aim of this study was to evaluate the association between occupational exposure to disinfectants and subsequent risk of CVD among US
nurses.
METHODS:We included 75,675 participants fromTheNurses’Health Study II whomaintained a nursing job and reported data on occupational disinfectant
exposure.We estimated hazard ratios (HR) and 95% confidence intervals (CIs) of incident CVD, including coronary heart disease (CHD) and stroke, using
Cox proportional hazard models comparing job types and general disinfection tasks between participants. We also used a job–task–exposure matrix to
evaluate the risk of CVD by frequency of cleaning/disinfection tasks and exposure levels of seven specific disinfectants (formaldehyde, glutaraldehyde,
hypochlorite bleach, hydrogen peroxide, alcohol, quaternary ammonium compounds, and enzymatic cleaners).
RESULTS: During 10 y of follow-up (2009–2019), we documented 726 incident cases of CVD. In fully adjusted models, the hazard ratio of CVD among
nurses who worked in operating rooms was 1.72 [95% confidence interval (CI): 1.25, 2.36], in comparison with those working as educators or administra-
tors. A similar pattern of associations was found when we separately assessed the risk for CHD and stroke [HR=1:69 (95% CI: 1.11, 2.58) and HR=1:69
(95%CI: 1.05, 2.74), respectively] among operating room nurses, in comparison with those working as educators or administrators. Those who used disin-
fectants weekly hadmodest elevations in CVD risk (HR=1:21; 95%CI: 1.04, 1.40), in comparison with women who never used disinfectants. The highest
CVD riskwas observed among nurses using disinfectants or spray or aerosol products 4–7 d/wk and those exposed to the highest levels of the seven specific
disinfectants listed above.

CONCLUSION: Exposure to disinfectants in real-world health care settings was associated with a higher risk of CVD, including CHD and stroke, among US
nurses. https://doi.org/10.1289/EHP14945

Introduction
Cardiovascular disease (CVD) is the leading cause of death in
women, contributing to more than 8.9 million deaths globally in
2019, representing 34.6% of the total global mortality.1,2 Although

a dramatic decline in cardiovascular deaths for both men and
women has been observed in the past 3 decades, global data sug-
gest a stagnation in the improvement of CVD incidence and mor-
tality among women.2,3 In the United States, a sharp slowing in the
decline of coronary heart disease (CHD) mortality rate has also
been reported among younger women 35–54 y of age.4 To address
the plateauing reduction of CVD burden, it is critical to identify
new CVD risk factors, including potentially modifiable ones such
as occupational exposure, that are unique to or more common
among younger women.2,5

Health care is one of the largest employment sectors in the US
economy. In 2021, the estimated number of US health careworkers
was over 18 million, of whom a staggering 80.0% were women.6

Given the high prevalence of cardiovascular risk factors (e.g., occu-
pational exposure, night shift work, and job strain), health care pro-
fessionals are particularly vulnerable to CVD.7,8 Disinfectants and
cleaning products are commonly used by health care workers, par-
ticularly nurses, to disinfect reusable medical devices and operating
rooms.9 Unfortunately, these products used in health care settings
often contain various harmful chemicals, such as formaldehyde, hy-
pochlorite, hydrogen peroxide, and glutaraldehyde, which have
demonstrated adverse effects on vascular or endothelial function
(e.g., cardiomyocyte apoptosis and changes in endothelial cell func-
tion, blood pressure, and heart rate) in animal studies.10–14 Several
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population studies also reported that exposure to disinfectants
through inhalation or dermal contact was associated with changes in
cardiac function parameters (e.g., heart rate variability, carotid dis-
tensibility, and intima-media thickness) and increased risk of CVD
mortality among adults.15–17 To our knowledge, no study has
explored the association of occupational exposure to disinfectants in
real-world health care settings with long-term risk of CVD. In addi-
tion, disinfectant exposure levels vary by job types in health care set-
tings,18,19 but whether the association of occupational exposure to
disinfectants with CVD is influenced by job types is unclear. In the
present study, we explored the association between job types, disin-
fection tasks, and exposure to specific chemicals and the long-term
risk of incident CVD among 75,675 nurses from the Nurses’Health
Study II (NHSII), a large, ongoing, prospective study with biennial
follow-ups spanning over 3 decades.

Methods

Study Population
The NHSII is an ongoing cohort established in 1989 by recruiting
116,429 US female, registered nurses 25–42 y of age from
California, Connecticut, Indiana, Iowa, Kentucky, Massachusetts,
Michigan, Missouri, Texas, New York, North Carolina, Ohio,
Pennsylvania, and South Carolina.20 Biennial questionnaires
with follow-up response rates >90% were self-reported to col-
lect participant information on occupational exposure, lifestyle
factors, and health-related characteristics. Eligible participants
for the current study were those who were alive without a his-
tory of CVD before the baseline analysis in 2009, maintained a
nursing job in the period 2009–2013, and did not have missing
data on occupational disinfectant exposure (Figure 1). Study
procedures have been approved by the institutional review
boards of the Brigham and Women’s Hospital and the Harvard
T.H. Chan School of Public Health. According to the approved

procedures, the completion of biennial questionnaires implied
consent.

Ascertainment of Disinfectant Exposure
Job types and disinfectant use were collected in 2009, 2011, and
2013 using an occupational questionnaire adapted for the US con-
text from European studies.19,21 Job types were reported as emer-
gency room, operating room, intensive care units, outpatient or
community, nursing education or administration, nursing outside
hospitals, other inpatient nurses, other hospital nursing, nonnursing
employment, homemaker, and retired. Participants also separately
reported their weekly use of any disinfectants (e.g., formaldehyde,
glutaraldehyde, bleach, hydrogen peroxide, ethylene oxide, and
ortho-phthalaldehyde) for cleaning surfaces and medical instru-
ments as never, <1 d/wk, 1–3 d/wk, and 4–7 d/wk. In 2011 and
2013, they additionally reported information on their frequency of
weekly use of spray or aerosol products for disinfection tasks (sur-
face cleaning/disinfection, instrument cleaning/disinfection, patient
care, or air freshening) using the same frequency categories. For
each question, participants reporting “1–3 d/week” or “4–7 d/week”
were classified as “weekly users” and those reporting “never” or “
<1 day/week”were classified as “less thanweekly users.”To define
disinfection tasks performed weekly, responses on the use of disin-
fectants for cleaning medical instruments and surfaces were com-
bined into a three-level variable: no weekly disinfection tasks,
weekly use for surface cleaning only, and weekly use for cleaning at
least medical instruments (regardless of surface disinfection).22,23
The category of “clean instruments only” was not analyzed sepa-
rately because of the small number of participants in this category
(2.9%).23

We used a nurse-specific job–task–exposure matrix (JTEM)
derived from NHSII participants to assess exposure to the seven
most commonly reported disinfectants or cleaning products (form-
aldehyde, glutaraldehyde, hypochlorite bleach, hydrogen perox-
ide, alcohol, quaternary ammonium compounds, and enzymatic

Figure 1. Cohort design and exclusion criteria.
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cleaners). The JTEM was developed based on data collected in a
subsample of 9,073 NHSII participants, as described in detail else-
where,23 and then applied to the entire study population.22,24 In
brief, the JTEM was constructed using responses from NHSII
nurses without asthma (2014–2015) to the occupational exposure
questions described above. It quantified exposure levels by calcu-
lating the percentage of participants reporting the use of each disin-
fectant in specific nursing jobs and task categories. The JTEM job–
task axis consisted of 24 possible combinations of 8 nursing job
types and 3 cleaning task categories (surface cleaning only, at least
instrument cleaning, or none). For each disinfectant, exposure was
classified into low,medium, or high levels based on predefined cut-
offs within each job or job–task combination. Given the structure
of the JTEM, a “high” exposure level represents a higher probabil-
ity of frequent (weekly) exposure rather than absolute intensity,
frequency, or concentration. Because cutoffs were specific to each
disinfectant and relative to the average use within job or task cate-
gories, a “high” level of one disinfectant (e.g., glutaraldehyde) is
not directly comparable to a “high” level of another (e.g., alcohol)
in terms of exposuremagnitude. The JTEMultimately assigned ex-
posure levels for each of the seven specific disinfectants into low,
medium, and high levels based on nurses’ job types and general
disinfection tasks.

Ascertainment of CVD
Incident CVD events of interest included fatal and nonfatal CHD
(myocardial infarction or coronary revascularization, including
percutaneous coronary intervention or coronary artery bypass
graft surgery) and stroke.25,26 When participants reported an inci-
dent event on biennial questionnaires, research investigators, who
were previously blinded to the participants’ health information,
reviewed their medical records with the participants’ permission.
Nonfatal myocardial infarction was confirmed using medical re-
cord evidence of symptoms, along with either diagnostic electro-
cardiographic results or elevated cardiac-specific enzymes.26

Nonfatal stroke was confirmed by medical record evidence of a
neurological deficit with a sudden or rapid onset that lasted more
than 24 h or until the time of death.26 Deaths due to CVD were
identified by next of kin, postal authorities, or a search of the
National Death Index. Over 98% of deaths from the original
Nurses’ Health Study have been successfully ascertained.27 CHD
or stroke listed as the primary cause of death on the death certifi-
cate was ascertained as fatal CHD or stroke.26,28

Covariates
Height and age at menarche were self-reported in 1989. Major
ancestry (categorized as Southern European, Hispanic, Scandinavian,
Other Caucasian, AfricanAmerican, Asian, and otherMediterranean)
and race (categorized as Asian, White, Hispanic, American Indian/
Alaska Native, Native Hawaiian or Other Pacific Islander, Black or
African American, and other) were self-reported in 1989 and
2005, respectively. Household income was self-reported in
2001. Parity, age at first child’s birth (if applicable), oral contra-
ceptive use, parental history of CVD before age 60 y, working
night shifts, menopausal status, hormone treatment, smoking
status, and current body weight were updated every 2–4 years
since 1989. We calculated body mass index (BMI) for each
follow-up cycle. Job strain, defined as high job demands com-
bined with low job control, was assessed using Karasek’s Job
Content Questionnaire from 1993 to 1997.29 Participants who
had below-median job control scores and above-median job
demands scores were identified as having high job strain.29

Physical activity was reported every 4–6 y since 1991. Dietary
quality was assessed based on validated semiquantitative food

frequency questionnaires assessed every 4 y since 1991.30 The
Alternative Healthy Eating Index (AHEI) 2010 was developed
to incorporate data from food frequency questionnaires, which
consists of 11 components, including alcohol consumption, veg-
etables, fruit, whole grains, nuts and legumes, long chain omega-
3 fats, polyunsaturated fatty acids, sugar-sweetened drinks and
fruit juice, red and processed meat, trans fat, and sodium.31

Data Analysis
Descriptive analyses were conducted for continuous variables
[means± standard deviation (SD)] and categorical variables [n (%)],
which were standardized to the age distribution of the study
population due to the importance of age as a CVD risk factor and
its influence on behaviors, medical history, and other life course
factors.32 Nurses were followed from the return date of 2009–
2013 questionnaires when occupational exposure was collected
until the date of CVD, death, or the end of follow-up (30 June
2019), whichever occurred first. Occupational exposure was
handled as a time-varying variable, with the highest reported
exposure level carried forward (Text S2).24 Cox proportional
hazard models were fit to estimate the hazard ratios (HRs) and
95% confidence intervals (CIs) for the associations between job
types, general disinfection tasks, and exposure to specific chemi-
cals (evaluated by JTEM) and risk of incident CVD.

The basic model structure was as follows:

Iðt, x,U, iÞ= IoiðtÞ× exp ½1× xðtÞ+2×UðtÞ�,
where 1 is the loge of the incidence rate ratio describing the
increase or decrease in the baseline incidence rate at time t due to
a one-unit increase in exposure x(t) at time t, U(t) is a vector of
other risk determinants at age t, 2 is the vector of loge incidence
rate ratios describing the increase or decrease in the baseline inci-
dence rate due to a one-unit increase in these other a priori deter-
minants of CVD risk, t is the age at which the outcome of interest
is diagnosed, and IoiðtÞ is the baseline incidence rate of CVD at
age t in stratum I.33 Cox proportional hazards regression models
were implemented using SAS PROC PHREG and the Anderson–
Gill data structure was used to efficiently handle time-varying
covariates. In this structure, a new data record was created for ev-
ery questionnaire cycle during which a participant was at risk,
with covariates updated based on responses at the time of ques-
tionnaire return. To minimize confounding by age, calendar time,
and potential two-way interactions between these time scales, we
jointly stratified the analysis by age in months at the start of the
follow-up and calendar year of the current questionnaire cycle.34

The time scale for the analysis was measured as months since the
start of the current questionnaire cycle, which was equivalent to
age in months due to our data structure and modeling approach.
Departures from the proportional hazards assumption were tested
by likelihood ratio tests comparing models with and without the
interaction terms for age or calendar time by exposure.35

We identified potential confounders related to disinfectant ex-
posure (work in an operating room) and CVD by systematic litera-
ture reviews, following the guidance from “Evidence Synthesis for
Constructing Directed Acyclic Graphs (DAG).”32,36 First, a pool
of covariates related to disinfectant exposure (work in operating
rooms) and CVD was determined by a series of systematic litera-
ture reviews. Second, we constructed a saturated DAG by drawing
directed or undirected edges between all variables, including expo-
sure, outcomes, and identified covariates, using DAGitty (version
3.1; https://dagitty.net/dags.html). Third, we assessed each of the
assumed causal relationships in the saturated DAG by sequential
causal criteria, including temporality, validity, and theoretical sup-
port. Finally, we identified the following confounding factors
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existing in the NHSII: age (in months, continuous),37,38 parity [1
(reference), 2, or ≥3],39–42 age at first birth [≤25 (reference) vs.
>25 y of age],39,41,42 job strain [high vs. low (reference)],40,43,44

parental history of CVD before age 60 y [yes vs. no (reference)],45

and household income [<USD $50,000 (reference), $50,000–
$99,999, or ≥$100,000 per year)],46,47 which are included in the
primarymultivariablemodels (Figure S1). In addition, race/ethnic-
ity [non-Hispanic White vs. other (reference)] is a social construct
and has been associated with occupational exposure and CVD.48,49
Therefore, we also included race/ethnicity as a proxy metric in the
primary multivariable model to adjust for multigenerational and
sociohistorical effects of racism and discrimination.50 In a second-
ary multivariable model, we further adjusted for lifestyles and the
risk factors of CVD that might also act as mediators, including oral
contraceptive use [never (reference), past, or current],42,51 meno-
pausal status [premenopausal (reference), postmenopausal, or
unsure or biologically uncertain],42,51 hormone treatment [never
(reference), past, or current],42,51 smoking status [never smoker
(reference), former smoker, current smoker: 1–14, 15–24, or 25
cigarettes/d],52–54 physical activity [0 (reference), 0.1–1.0, 1.1–
2.4, 2.5–5.9, or≥6 h/wk],52–54 AHEI-2010 dietary score [quintiles,
with the lowest quintile (reference) representing the least healthy
diet],52–54 and BMI [<18:5 (reference), 18.5–24.9, 25–29.9, or
≥30 kg=m2].52,53,55 Covariates with missing values during follow-
up were carried forward from the previous questionnaire; if miss-
ing from all questionnaires, a missing indicator was created.56,57

Stratified and interaction analyses were performed to assess
the potential effect modification by BMI (≥25 vs. <25 kg=m2),
physical activity (moderate-to-vigorous intensity of <150 vs.
≥150 min/wk), smoking status (past and current vs. never),
AHEI-2010 dietary score (in the top 2 quintiles vs. the bottom 3
quintiles), night shift work (yes vs. no), and high job strain (yes
vs. no). The multiplicative interaction between disinfectant expo-
sure and these variables was assessed using the Wald test.57,58
The additive interaction was assessed by calculating the relative
excess risk due to interaction (RERI).31,58 Several sensitivity
analyses were conducted to test the robustness of the findings.
First, we excluded nurses who never returned follow-up question-
naires in 2011–2017 period to assess the influence of loss during
follow-up. Second, we excluded women who had a diagnosis of
type 2 diabetes, chronic obstructive pulmonary disease, or asthma
before 2009 to assess whether associations were influenced by
potential job changes due to health concerns. Third, we excluded
cases of percutaneous coronary intervention or coronary artery
bypass graft surgery from end points, because these procedures
were self-reported. Fourth, we additionally adjusted for alcohol
intake [0 (reference), 1–14, or ≥15 g=d] to assess the influence of
alcohol consumption. Finally, we assessed the influence of job-
related factors (e.g., night shift work, job strain, and job types) by
a) excluding women who engaged in night shift work, b) restrict-
ing the analysis to women employed in operating rooms, and
c) conducting stratified analyses for the associations of job types
with CVD risk according to job strain levels. All data were ana-
lyzed using SAS (versions 9.3) for UNIX (SAS Institute Inc.).

Results

Population Characteristics
Among 75,675 nurses included in the current analyses, the
mean±SD of age and BMI at baseline in 2009 were 54:5±4:5 y
and 27:8± 6:4 kg=m2, respectively. A total of 21,311 (28.2%)
nurses used disinfectants weekly to clean surfaces only, and
21,762 (28.7%) used disinfectants weekly to clean surfaces or
medical instruments. Most characteristics of the study partici-
pants were similar between those who did vs. did not use

disinfectants weekly. However, nurses who used disinfectants to
clean surfaces and/or instruments had a higher prevalence of
nighttime shift work and were more likely to experience high job
strain and to work in emergency rooms, operating rooms, or inpa-
tient units (Table 1).

Job Types, Cleaning/Disinfection Tasks, and CVD
During 10 y (666,152 person-years) of follow-up, we docu-
mented 726 incident cases of CVD, including 413 CHD and 318
stroke cases. The crude cumulative incidence of CVD was higher
among women who worked in operating rooms than among those
working as educators or administrators (1.51 vs. 1.00 per 1,000
person-years; Figure 2). In comparison with women working as
educators or administrators, age-adjusted multivariable Cox mod-
els showed a higher risk of CVD among women working in oper-
ating rooms (crude HR=1:71; 95% CI: 1.25, 2.35). The HR of
CVD was similar after additionally adjusting for other potential
confounders (i.e., parity, age at first birth, job strain, parental his-
tory of CVD, and household income) (HR=1:68; 95% CI: 1.22,
2.31) and adulthood lifestyle and CVD risk factors (HR=1:72;
95% CI: 1.25, 2.36). In addition, we found a higher risk of CVD
among nurses using disinfectants every week (adjusted HR=
1:21; 95% CI: 1.04, 1.40), in comparison with nurses who never
used disinfectants. The risk of CVD was slightly higher among
nurses using disinfectants to clean surfaces or medical instru-
ments than among nurses cleaning surfaces only [adjusted
HR=1:24 (95% CI: 1.03, 1.48) and HR=1:18 (95% CI: 0.98,
1.41), respectively], in comparison with nurses who never used
disinfectants). A similar pattern of associations was found when
we separately assessed the risk for CHD and stroke [adjusted
HR=1:69 (95% CI: 1.11, 2.58) and HR=1:69 (95% CI: 1.05,
2.74, respectively], among operating room nurses, in comparison
with those working as educators or administrators; Figure 3).
Weekly use of spray or aerosol products was not associated with
CVD or stroke (Figures 2 and 3). However, we observed a posi-
tive association between weekly use of spray or aerosol products
and CHD (adjusted HR=1:29; 95% CI: 1.02, 1.62; Figure 3).
When we jointly classified nurses according to the use of spray or
aerosol products and disinfectants (Table S1), nurses who used
both spray or aerosol products and other disinfectants had the
highest risk of CVD and CHD (Table S1). However, only nurses
reporting weekly use of spray or aerosol products (but not other
disinfectants) had a higher risk of stroke.

Frequency of Cleaning/Disinfection Tasks, Chemical-
Specific Products, and CVD
When the risk of CVD was stratified by the frequency of clean-
ing/disinfection tasks (Table 2), the strongest associations were
found among nurses with the most frequent exposure (4–7 d/wk).
In comparison with nurses reporting no cleaning/disinfection
tasks, nurses who conducted surface, instrument, and spray clean-
ing/disinfection 4–7 d/wk had higher HRs for CVD of 1.30 (95%
CI: 1.06, 1.60), 1.28 (95% CI: 1.01, 1.62), and 1.26 (95% CI:
0.99, 1.61), respectively. The risk of CVD was also higher for
nurses with high exposure levels of the most common disinfec-
tants or cleaning products evaluated by JTEM (formaldehyde,
glutaraldehyde, hypochlorite bleach, hydrogen peroxide, alcohol,
quaternary ammonium compounds, and enzymatic cleaners), in
comparison with nurses with low levels (Table 3).

Interaction and Sensitivity Analyses
There were no multiplicative and additive interactions between
disinfectant exposure and BMI, physical activity, smoking status,
night shift work, or job strain (Table S2). However, the association
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was slightly stronger among nurses with a lower AHEI dietary
score (p for additive interaction= 0:068; RERI= 0:29; 95% CI:
−0:02, 0.61). Sensitivity analyses showed similar associations of
job types and cleaning/disinfection tasks with CVD risk when we
excluded nurses who never returned follow-up questionnaires in
the 2011–2017 period; when we excluded nurses with type 2 dia-
betes, chronic obstructive pulmonary disease, or asthma before
2009; when we excluded self-reported cases of percutaneous coro-
nary intervention or coronary artery bypass graft surgery from end
points; and when we additionally adjusted for alcohol intake
(Table S3). Most positive associations between general disinfec-
tion tasks and chemical-specific exposure and CVD risk exhibited
similar or greater HRs even after excluding women who worked
night shifts (Tables S4 and S5) and when restricting the analysis to
women employed in operating rooms (Tables S6 and S7). When
job types were assessed separately according to low and high job
strain (Table S8), nurses working in operating rooms, regardless
of job strain, consistently had the highest risk of CVD, CHD, and
stroke.

Discussion
In this large prospective cohort consisting of 75,675 nurses, we
found an increased risk of CVD over 10 y of follow-up (666,152
person-years) among nurses who worked in operating rooms and
those using disinfectants and spray or aerosol products. Moreover,
we found positive dose–response relationships between the fre-
quency of cleaning/disinfection tasks and exposure levels of
chemical-specific disinfectants and the risk of CVD.

Existing evidence from in vivo, in vitro, and population studies
has consistently revealed that exposure to disinfectant chemicals,
such as formaldehyde, hydrogen peroxide, ethanol, and quaternary
ammonium compounds, can induce oxidative stress and inflamma-
tion,59–63 both of which play an important role in the pathogenesis
of CVD.64 Disinfectant exposure may also affect gut, oral, and
upper airway microbiomes,65,66 which, in turn, have been associ-
ated with chronic respiratory and cardiovascular diseases in popu-
lation studies.67–70 In support of our findings, exposure to certain
chemicals commonly used in disinfectants, including formalde-
hyde, hypochlorite, hydrogen peroxide, and isopropyl alcohol, has

Table 1. Age-standardized baseline (2009) characteristics according to weekly use of disinfectants to clean surfaces and/or instruments among nurses from the
Nurses’ Health Study II (n=75,675).a,b

Characteristic Total

Weekly use of disinfectants to clean surfaces and/or instruments

None Surfaces only Surfaces and/or instruments

Number of participants (n) 75,675 32,602 21,311 21,762
Baseline age [mean±SD (y)]c 54:5± 4:5 54:9± 4:5 54:4± 4:5 53:8± 4:5
Baseline BMI [mean±SD (kg=m2)] 27:8± 6:4 27:8± 6:5 27:8± 6:3 27:7± 6:2
<25 30,061 (39.7) 13,010 (40.1) 8,438 (39.6) 8,613 (39.3)
25–29.9 23,241 (30.8) 9,892 (30.2) 6,509 (30.6) 6,840 (31.6)
≥30 22,370 (29.5) 9,700 (29.6) 6,363 (29.9) 6,307 (29.1)

Total physical activity [mean± SD (h/wk)] 2:7± 3:6 2:7± 3:5 2:7± 3:5 2:8± 3:7
AHEI-2010 dietary score (mean±SD) 64:8± 13:5 65:6± 13:6 64:5± 13:4 64:0± 13:3
Parity 1.9 (1.2) 1.9 (1.2) 1.9 (1.2) 2.0 (1.2)
Oral contraceptive use [n (%)]
Current 1,756 (2.3) 756 (2.6) 454 (2.1) 546 (2.2)
Former 61,159 (80.8) 26,446 (80.6) 17,217 (80.8) 17,496 (81.1)
Never 9,008 (11.9) 3,848 (11.7) 2,499 (11.7) 2,661 (12.3)
Race/ethnicity [n (%)]
Non-Hispanic White 70,008 (92.4) 30,299 (92.9) 19,715 (92.5) 19,994 (91.8)
Other 5,667 (7.6) 2,303 (7.1) 1,596 (7.5) 1,768 (8.2)
Income [n (%); USD per year]
<50,000 8,517 (11.6) 3,166 (9.7) 2,467 (11.6) 2,884 (13.4)
50,000–99,999 27,672 (36.7) 11,658 (35.7) 7,730 (36.3) 8,284 (38.2)
≥100,000 17,454 (22.3) 8,900 (27.1) 4,619 (21.7) 3,935 (18.2)

Smoking status [n (%)]
Never 49,493 (65.5) 21,096 (65.1) 14,068 (66.0) 14,329 (65.4)
Former 21,203 (27.9) 9,522 (28.8) 5,864 (27.6) 5,817 (27.2)
Current 1–34 cigarettes/day 4,461 (6.0) 1,753 (5.4) 1,231 (5.8) 1,477 (6.8)
Current ≥35 cigarettes/day 147 (0.2) 70 (0.2) 38 (0.2) 39 (0.2)
Parental history of CVD before age 60 y [n (%)]
Yes 20,288 (26.9) 8,681 (26.3) 5,720 (26.9) 5,887 (27.4)
No 55,387 (73.1) 23,921 (73.7) 15,591 (73.1) 15,875 (72.6)
Night shiftwork [n (%)]
Yes 54,709 (72.7) 22,703 (69.8) 15,607 (73.2) 16,399 (75.2)
No 20,966 (27.3) 9,899 (30.2) 5,704 (26.8) 5,363 (24.8)
High job strain [n (%)]
Yes 20,825 (28.4) 7,409 (22.9) 6,428 (30.2) 6,988 (32.0)
No 54,850 (71.6) 25,193 (77.1) 14,883 (69.8) 14,774 (68.0)
Job type [n (%)]
Education or administration 8,984 (10.3) 6,923 (21.2) 1,593 (7.5) 468 (2.2)
Outpatient, other nurses 40,439 (52.3) 19,872 (60.9) 11,253 (52.8) 9,314 (43.2)
ED or inpatient unit 20,732 (29.4) 4,893 (15.1) 6,499 (30.5) 9,340 (42.5)
Operating room 5,520 (8.0) 914 (2.8) 1,966 (9.2) 2,640 (12.1)

Note: AHEI, Alternative Healthy Eating Index; BMI, body mass index (calculated as weight in kilograms divided by height in square meters); CVD, cardiovascular disease; ED, emer-
gency department; SD, standard deviation.
aMeans (SD) for continuous variables and number (%) for categorical variables are standardized to the age distribution of the study population (except for age), because of the impor-
tance of age as a risk factor for CVD and in modifying behaviors, medical history, and other life course factors.
bA total of 22,073 (29.1%), 2,037 (2.7%), and 6,934 (9.2%) nurses had missing data on income, diet (including alcohol intake), and night shift work, respectively.
cValues are not age-adjusted.
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been associatedwith vascular or endothelial dysfunctions in in vivo
or in vitro studies.10,11,71 In population studies, Mehta et al.
reported that long-term frequent use of household spray and
scented products, particularly air freshening sprays, was associated
with reduced heart rate variability, a key clinical marker for CVD,
among 581 Swiss adults.15 Similarly, intervention studies demon-
strated a reduced brachial artery flow–mediated dilation and
changes in carotid distensibility and intima-media thickness

immediately after a 90-min formaldehyde exposure (197± 79 ppb)
in 10 healthy adult females.17,72 In a nationwide registry-based
study consisting of 64,689 females with type 2 diabetes, the subse-
quent risk of CVD mortality was highest among manufacturing
workers, housekeepers, and cleaners across the 30 most common
occupations.16 Respiratory diseases, particularly chronic obstruc-
tive pulmonary disease and asthma, have been associated with
adverse cardiovascular consequences and thus may serve as

Figure 3. Adjusted HRs and 95% CIs from Cox proportional hazard models for the risk of CHD and stroke by job types and self-reported cleaning/disinfection
tasks among 75,675 nurses from the Nurses’ Health Study II (2009–2019). A total of 1,271 nurses did not have data on the use of spray or aerosol products. In
the age-adjusted model, age in months at the start of follow-up and calendar year of the current questionnaire cycle were included as stratified variables.
Multivariable model 1 was additionally adjusted for race/ethnicity [non-Hispanic White vs. other (reference); parity: 1 (reference), 2, or ≥3]; age at first birth
[≤25 (reference) vs. >25 y of age]; high job strain [yes vs. no (reference)]; parental history of CVD before age 60 y [yes vs. no (reference)]; and household
income [<USD $50,000 (reference), USD $50,000–$99,999, or ≥USD $100,000 per year]. Multivariable model 2 was additionally adjusted for oral contracep-
tive use [never (reference), past, or current], menopausal status [premenopausal (reference), postmenopausal, or unsure or biologically uncertain], hormone
treatment [never (reference), past, or current], smoking status [never smoker (reference), former smoker, current smoker: 1–14, 15–24, or 25 cigarettes/d],
physical activity [0 (reference), 0.1–1.0, 1.1–2.4, 2.5–5.9, or ≥6 h/wk], AHEI-2010 dietary score [quintiles, with the lowest quintile (reference), representing
the least healthy diet], and BMI [<18:5 (reference), 18.5–24.9, 25–29.9, or ≥30 kg=m2]. Forest plots show the estimated HRs (the box in the middle of each
horizontal line) and CIs (horizontal lines through the boxes). Note: BMI, body mass index; CI, confidence interval; CHD, coronary heart disease; CVD, cardio-
vascular disease; HR hazard ratio.

Figure 2. Adjusted HRs and 95% CIs from Cox proportional hazard models for the risk of CVD by job types and self-reported cleaning/disinfection tasks
among 75,675 nurses from the Nurses’ Health Study II (2009–2019). A total of 1,271 nurses did not have data on the use of spray or aerosol products. In the
age-adjusted model, age in months at the start of follow-up and calendar year of the current questionnaire cycle were included as stratified variables.
Multivariable model 1 was additionally adjusted for race/ethnicity [non-Hispanic White vs. other (reference); parity: 1 (reference), 2, or ≥3]; age at first birth
[≤25 (reference) vs. >25 y of age]; high job strain [yes vs. no (reference)]; parental history of CVD before age 60 y [yes vs. no (reference)]; and household
income [<USD $50,000 (reference), USD $50,000–$99,999, or ≥USD $100,000 per year]. Multivariable model 2 was additionally adjusted for oral contracep-
tive use [never (reference), past, or current], menopausal status [premenopausal (reference), postmenopausal, or unsure or biologically uncertain], hormone
treatment [never (reference), past, or current], smoking status [never smoker (reference), former smoker, current smoker: 1–14, 15–24, or 25 cigarettes/d],
physical activity [0 (reference), 0.1–1.0, 1.1–2.4, 2.5–5.9, or ≥6 h/wk], AHEI-2010 dietary score [quintiles, with the lowest quintile (reference) representing
the least healthy diet], and BMI [<18:5 (reference), 18.5–24.9, 25–29.9, or ≥30 kg=m2]. Forest plots show the estimated HRs (boxes) and CIs (horizontal lines
through the boxes). Note: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; HR hazard ratio.
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intermediate pathways in the association between disinfectant ex-
posure and CVD.73–75 Many population studies have reported that
exposure to disinfectants is associated with an increased incidence
or prevalence of asthma and respiratory symptoms among workers
with different occupations.76–83 In addition to these previous find-
ings, our recent work showed that occupational disinfectant expo-
sure was associated with an increased risk of asthma and chronic
obstructive pulmonary disease among nurses from the NHS,
NHSII, and NHS3.9,18,24,84,85

Our study augments the evidence by examining job types, dis-
infection tasks, and exposure to specific chemicals in relation to
incident CVD among health care workers. We found that the high-
est risk of CVDwas found among nurses who used disinfectants or
spray or aerosol products with a frequency of 4–7 d/wk. When we
jointly classified nurses according to the use of spray or aerosol
products and disinfectants, the highest risk of CVD and CHD was
seen among nurses who used both spray or aerosol products and
other disinfectants. However, a higher risk of stroke was found
only among nurses reporting weekly use of spray or aerosol prod-
ucts without additional use of disinfectants. Furthermore, nurses
with higher exposure levels to the most commonly used disinfec-
tants or cleaning products, as assessed by the JTEM, had a higher
risk of CVD in comparison with those with lower exposure levels.
We did not find any interaction between job types and disinfectant
exposure and BMI, physical activity, smoking status, night shift
work, or job strain. In addition, the associations of general disinfec-
tion tasks and chemical-specific exposure with CVD risk largely
persisted (HRs of similar or greater magnitude) even after exclud-
ing women who worked night shifts and when restricting the

analysis to women employed in operating rooms. When job types
were assessed separately according to low and high job strain, the
highest risk of CVD, CHD, and stroke was consistently found
among nurses working in operating rooms, regardless of job
strain. Together, these results suggest that the positive associa-
tion between disinfectant exposure and CVD risk is independent
of these lifestyles and job-related factors. However, we found
evidence of a positive relative excess risk of CVD due to the
interaction between disinfectant exposure and low-quality diet,
suggesting that these two factors may interact synergistically to
further accelerate the development of CVD.

The present study has several strengths, including its large
population size, prospective design, high biennial follow-up
response rates, and rigorous ascertainment of occupational ex-
posure, key covariates, and CVD cases. However, there are also
limitations. First, participants self-reported their job types and
disinfection tasks, which may have led to exposure misclassifi-
cation. However, the prospective design and consistent positive
dose–response relationships between the frequency of cleaning
or disinfection tasks and exposure levels of chemical-specific
disinfectants and CVD indicate that our findings are less likely
to be materially biased by exposure misclassification. Second,
coronary revascularization procedures, body weight, and life-
style factors (e.g., diet, physical activity, smoking) were self-
reported. However, in a subgroup of participants from the
Health Professionals Follow-up Study, 96% of self-reported cor-
onary revascularization cases have been demonstrated to be reli-
able in comparison with medical records.86 Similarly, self-
reported lifestyle factors have been demonstrated to be highly

Table 2. Adjusted HRs and 95% CIs from Cox proportional hazard models for the risk of CVD by self-reported frequency of cleaning/disinfection tasks among
75,675 nurses from the Nurses’ Health Study II (2009–2019).

Self-reported frequency of
cleaning/disinfection tasks Events (n)

Person-years of
follow-up

Crude incidence
per 1,000 person-years

HR (95% CI)

Age-adjusted modelc Multivariable model 1d Multivariable model 2e

Clean surface
Never 209 190,729 1.10 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
<1 148 142,820 1.04 1.06 (0.86, 1.31) 1.05 (0.85, 1.30) 1.05 (0.85, 1.30)
1–3 185 180,303 1.03 1.13 (0.93, 1.38) 1.11 (0.91, 1.36) 1.12 (0.91, 1.37)
4–7 184 152,910 1.20 1.37 (1.12, 1.68) 1.32 (1.08, 1.62) 1.30 (1.06, 1.60)
p For trenda — — — 0.003 0.009 0.012
Clean instruments
Never 407 375,211 1.08 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
<1 121 115,928 1.04 1.05 (0.86, 1.28) 1.03 (0.84, 1.26) 1.03 (0.84, 1.27)
1–3 112 106,126 1.06 1.12 (0.91, 1.39) 1.10 (0.89, 1.35) 1.10 (0.89, 1.36)
4–7 86 69,497 1.24 1.38 (1.09, 1.74) 1.32 (1.04, 1.67) 1.28 (1.01, 1.62)
p For trenda — — — 0.011 0.035 0.050
Spray or aerosol productsb

Never 381 357,311 1.07 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
<1 143 138,251 1.03 1.04 (0.85, 1.26) 1.02 (0.84, 1.23) 1.00 (0.83, 1.22)
1–3 90 89,443 1.01 1.03 (0.82, 1.30) 1.00 (0.80, 1.27) 1.00 (0.79, 1.26)
4–7 81 62,427 1.30 1.35 (1.06, 1.73) 1.31 (1.03, 1.67) 1.26 (0.99, 1.61)
p For trenda — — — 0.047 0.10 0.17
Any disinfectant
Never 195 175,294 1.11 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
<1 137 138,913 0.99 0.99 (0.79, 1.23) 0.97 (0.78, 1.21) 0.97 (0.78, 1.21)
1–3 194 188,176 1.03 1.12 (0.91, 1.37) 1.09 (0.89, 1.34) 1.10 (0.90, 1.35)
4–7 200 164,379 1.22 1.37 (1.12, 1.67) 1.32 (1.07, 1.61) 1.30 (1.06, 1.59)
p For trenda — — — 0.002 0.006 0.008

Note: —, no data; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; Ref, reference.
ap-Values for trend were estimated by including the exposure term (coded as 1–4) as a continuous variable in models.
bA total of 1,271 nurses did not have data on the use of spray or aerosol products.
cIn the age-adjusted model, age in months at the start of follow-up and calendar year of the current questionnaire cycle were included as stratified variables.
dMultivariable model 1 was additionally adjusted for race/ethnicity [non-Hispanic White vs. other (reference); parity: 1 (reference), 2, or ≥3]; age at first birth [≤25 (reference), vs.
>25 y of age); high job strain (yes vs. no (reference)]; parental history of CVD before age 60 y [yes vs. no (reference)]; and household income [<USD $50,000 (reference), $50,000–
$99,999, or ≥$100,000 per year).
eMultivariable model 2 was additionally adjusted for oral contraceptive use [never (reference), past, or current], menopausal status [premenopausal (reference), postmenopausal, or
unsure or biologically uncertain], hormone treatment [never (reference), past, or current], smoking status [never smoker (reference), former smoker, current smoker: 1–14, 15–24, or
25 cigarettes/d], physical activity [0 (reference), 0.1–1.0, 1.1–2.4, 2.5–5.9, or ≥6 h/wk], AHEI-2010 dietary score [quintiles, with the lowest quintile (reference) representing the least
healthy diet], and BMI [<18:5 (reference), 18.5–24.9, 25–29.9, or ≥30 kg=m2].
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reliable in NHSII or the original NHS.31,87–89 Third, we did not
collect data on protective equipment during cleaning or disinfec-
tion tasks. However, in a subgroup of 4,102 nurses from NHSII,
only 5% of participants wore any masks or respiratory protection
devices when they used disinfectants or cleaning products.22
Fourth, we collected occupational exposure in 2009–2013 and
did not consider the influence of changes in disinfectant expo-
sure due to health concerns. In our previous study, we found that
NHSII nurses who had respiratory conditions tended to move to
jobs with lower disinfectant exposure across a 22-y follow-up
(1989–2011).18 However, our sensitivity analyses showed simi-
lar associations when we excluded nurses reporting type 2 diabe-
tes, chronic hypertension, or asthma before the analysis baseline
in 2009. Fifth, as an observational study, our findings are limited
in their causal interpretation. However, because it would be
unethical to randomize participants to disinfectant exposure,
high-quality observational studies provide the best available evi-
dence on the long-term relationship between occupational disin-
fectant exposure and CVD risk. Sixth, although we considered
various confounders and risk factors for CVD, confounding
from unmeasured covariates (e.g., changes in disinfectant

formulations, socioeconomic factors, and other occupational
exposures) cannot be fully ruled out. Finally, our study population
was mainly non-HispanicWhite female nurses, which may limit the
generalizability of our findings. Additional studies should be con-
ducted to validate our findings among male professionals and indi-
viduals fromdiverse racial and ethnic backgrounds.

Conclusion
In this large prospective cohort, the use of disinfectants and spray
or aerosol products was associated with an increased subsequent
risk of CVD. When we jointly classified nurses according to the
use of spray or aerosol products and disinfectants, the highest risk
of CVD and CHD was found among nurses who used both.
However, a higher risk of stroke was seen only among nurses
exclusively reporting weekly use of spray or aerosol products.
These findings suggest that occupational disinfectant exposure
may contribute to the burden of CVD among health care workers.
Furthermore, our results highlight the need to develop policies and
technologies aimed at reducing disinfectant exposure in health care
settings, such as eliminating or substituting harmful chemicals,

Table 3. Adjusted HRs and 95% CIs from cox proportional hazard models for the risk of CVD by specific disinfectants/cleaning products evaluated by job–
task–exposure matrix among 75,675 nurses from the Nurses’ Health Study II (2009–2019).

Occupational exposure Events (n)
Person-years of

follow-up
Crude incidence per 1,000

person-years

HR (95% CI)

Age-adjusted modelb Multivariable model 1c Multivariable model 2d

Formaldehyde
Low 589 555,579 1.06 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle 45 36,943 1.22 1.31 (0.97, 1.78) 1.28 (0.95, 1.74) 1.30 (0.96, 1.77)
High 92 73,630 1.25 1.32 (1.05, 1.64) 1.30 (1.04, 1.62) 1.31 (1.05, 1.64)
p For trenda — — — 0.006 0.009 0.007
Glutaraldehyde
Low 350 337,648 1.04 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle 101 88,674 1.14 1.23 (0.99, 1.54) 1.21 (0.97, 1.51) 1.20 (0.96, 1.50)
High 275 239,830 1.15 1.30 (1.11, 1.53) 1.27 (1.08, 1.49) 1.28 (1.09, 1.51)
p For trenda — — — 0.001 0.004 0.003
Hypochlorite bleach
Low 294 275,855 1.07 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle 166 144,998 1.14 1.17 (0.97, 1.42) 1.15 (0.95, 1.40) 1.15 (0.95, 1.39)
High 266 245,298 1.08 1.22 (1.03, 1.44) 1.18 (0.99, 1.40) 1.17 (0.98, 1.38)
p For trenda — — — 0.020 0.056 0.078
Hydrogen peroxide
Low 331 313,135 1.06 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle 88 81,601 1.08 1.13 (0.89, 1.43) 1.12 (0.88, 1.42) 1.13 (0.89, 1.43)
High 307 271,416 1.13 1.27 (1.09, 1.49) 1.23 (1.05, 1.45) 1.23 (1.05, 1.44)
p For trenda — — — 0.003 0.010 0.012
Alcohol
Low 294 275,855 1.07 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle 118 103,697 1.14 1.17 (0.94, 1.44) 1.14 (0.92, 1.41) 1.11 (0.90, 1.38)
High 314 286,599 1.10 1.21 (1.03, 1.42) 1.18 (1.00, 1.39) 1.18 (1.00, 1.39)
p For trenda — — — 0.019 0.048 0.053
Quaternary ammonium compounds
Low 294 275,855 1.07 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle 125 117,310 1.07 1.08 (0.87, 1.33) 1.06 (0.86, 1.31) 1.03 (0.84, 1.28)
High 307 272,987 1.12 1.26 (1.07, 1.48) 1.22 (1.04, 1.44) 1.22 (1.03, 1.44)
p For trenda — — — 0.005 0.018 0.018
Enzymatic cleaners
Low 514 490,190 1.05 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle 40 42,014 0.95 1.00 (0.73, 1.38) 0.98 (0.71, 1.36) 0.96 (0.69, 1.32)
High 172 133,949 1.28 1.39 (1.17, 1.65) 1.36 (1.14, 1.62) 1.36 (1.14, 1.62)
p For trenda — — — <0:001 0.001 0.001

Note: —, no data; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratios; Ref, reference.
ap-Values for trend were estimated by including the exposure term (coded as 1–3) as a continuous variable in models.
bIn the age-adjusted model, age in months at the start of follow-up and calendar year of the current questionnaire cycle were included as stratified variables.
cMultivariable model 1 was additionally adjusted for race/ethnicity [non-Hispanic White versus other (reference), parity 1 (reference), 2, or ≥3], age at first birth [≤25 (reference) vs.
>25 y of age)], high job strain [yes vs. no (reference)], parental history of CVD before age 60 y [yes vs. no (reference)], and household income [<USD $50,000 (reference), $50,000–
$99,999, or ≥$100,000 per year)].
dMultivariable model 2 was additionally adjusted for oral contraceptive use [never (reference), past, or current], menopausal status [premenopausal (reference), postmenopausal, or
unsure or biologically uncertain], hormone treatment [never (reference), past, or current], smoking status [never smoker (reference), former smoker, current smoker: 1–14, 15–24, or
25 cigarettes/d], physical activity [0 (reference), 0.1–1.0, 1.1–2.4, 2.5–5.9, or ≥6 h/wk], AHEI-2010 dietary score [quintiles, with the lowest quintile (reference) representing the least
healthy diet], and BMI [<18:5 (reference), 18.5–24.9, 25–29.9, or ≥30 kg=m2].

Environmental Health Perspectives 057006-8 133(5) May 2025



developing nonchemical technologies for disinfection (e.g., steam
and ultraviolet light), avoiding aerosols with tiny droplets by using
alternative methods or nozzle heads that produce larger droplets,
and ensuring the use of personal protective equipment.

Acknowledgments
The authors thank the participants and staff of the NHSII for

their invaluable contributions and thank staff from the cancer
registries in the following states for their help: Alabama, Arizona,
Arkansas, California, Colorado, Connecticut, Delaware, Florida,
Georgia, Idaho, Illinois, Indiana, Iowa, Kentucky, Louisiana, Maine,
Maryland, Massachusetts, Minnesota, Nebraska, New Hampshire,
New Jersey, New York, North Carolina, North Dakota, Ohio,
Oklahoma, Oregon, Pennsylvania, Rhode Island, South Carolina,
Tennessee, Texas, Virginia,Washington, andWyoming. The authors
assume full responsibility for analyses and interpretation of these
data.

Y-X.W. and O.D. had full access to all of the data in the
study and took responsibility for the integrity of the data and
the accuracy of the data analysis. Y-X.W. analyzed data and
drafted the manuscript. Y-X.W., C.A.C., and C.M. conceived,
developed, and designed the study. O.D. checked the accuracy of
the data analysis. All authors participated in the interpretation of
the results, preparation of the manuscript, and critical revisions.

This study was supported by the National Natural Science
Foundation of China (82473581) and the National Institutes of
Health grants U01-HL145386, U01-CA176726, R01-HL034594,
R01-HL088521, UM-CA186107, P01-CA87969, R01-CA49449,
R01-CA67262, U01-HL145386, U01-CA167552, R01-HL35464,
R24-ES028521-01, and R01-ES031657. The funders had no role
in considering the study design or in the collection, analysis,
interpretation of data, writing of the report, or decision to submit.

The data used in the present study will not be made publicly
available, but they can be requested by sending email to
nhsaccess@channing.harvard.edu.

The procedures for accessing data from the NHSII are also
described at https://www.nurseshealthstudy.org/researchers.

References
1. IHME (Institute for Health Metrics and Evaluation). 2020. Global Burden of

Disease Study 2019 (GBD 2019) results. Seattle, WA: Institute for Health
Metrics and Evaluation. https://vizhub.healthdata.org/gbd-results/ [accessed
11 March 2025].

2. Vogel B, Acevedo M, Appelman Y, Bairey Merz CN, Chieffo A, Figtree GA, et al.
2021. The Lancet women and cardiovascular disease Commission: reducing
the global burden by 2030. Lancet 397(10292):2385–2438, PMID: 34010613,
https://doi.org/10.1016/S0140-6736(21)00684-X.

3. Lopez AD, Adair T. 2019. Is the long-term decline in cardiovascular-disease mor-
tality in high-income countries over? Evidence from national vital statistics. Int J
Epidemiol 48(6):1815–1823, PMID: 31378814, https://doi.org/10.1093/ije/dyz143.

4. Wilmot KA, O’FlahertyM, Capewell S, Ford ES, Vaccarino V. 2015. Coronary heart
disease mortality declines in the United States from 1979 through 2011: evidence
for stagnation in young adults, especially women. Circulation 132(11):997–1002,
PMID: 26302759, https://doi.org/10.1161/CIRCULATIONAHA.115.015293.

5. Garcia M, Mulvagh SL, Merz CN, Buring JE, Manson JE. 2016. Cardiovascular
disease in women: clinical perspectives. Circ Res 118(8):1273–1293, PMID:
27081110, https://doi.org/10.1161/CIRCRESAHA.116.307547.

6. Bureau of Labor Statistics, US Department of Labor. 2021. The Economics
Daily, Over 16 Million Women Worked in Health Care and Social Assistance
in 2021. https://www.bls.gov/opub/ted/2022/over-16-million-women-worked-in-
health-care-and-social-assistance-in-2021.htm [accessed 11 March 2025].

7. NobaharM, RazaviMR. 2015. Lifestyle and the most important risk factors of car-
diovascular disease in physicians, nurses, and faculty members. Middle East J
Rehabil Health 2(2):e28882, https://doi.org/10.17795/mejrh-28882.

8. Khani S, Rafiei S, Ghashghaee A, Masoumi M, Rezaee S, Kheradkhah G, et al.
2024. Cardiovascular risk factors among nurses: a global systematic review and
meta-analysis. PLoS One 19(3):e0286245, PMID: 38512844, https://doi.org/10.
1371/journal.pone.0286245.

9. Xie W, Dumas O, Varraso R, Boggs KM, Camargo CA Jr, Stokes AC. 2021.
Association of occupational exposure to inhaled agents in operating roomswith inci-
dence of chronic obstructive pulmonary disease among US female nurses. JAMA
NetwOpen 4(9):e2125749, PMID: 34542617, https://doi.org/10.1001/jamanetworkopen.
2021.25749.

10. Zhang Y, Yang Y, He X, Yang P, Zong T, Sun P, et al. 2021. The cellular function
and molecular mechanism of formaldehyde in cardiovascular disease and heart
development. J Cell Mol Med 25(12):5358–5371, PMID: 33973354, https://doi.org/
10.1111/jcmm.16602.

11. Sand C, Peters SL, Pfaffendorf M, Van Zwieten PA. 2003. Effects of hypochlo-
rite and hydrogen peroxide on cardiac autonomic receptors and vascular en-
dothelial function. Clin Exp Pharmacol Physiol 30(4):249–253, PMID: 12680842,
https://doi.org/10.1046/j.1440-1681.2003.03822.x.

12. Cai H. 2005. Hydrogen peroxide regulation of endothelial function: origins, mecha-
nisms, and consequences. Cardiovasc Res 68(1):26–36, PMID: 16009356,
https://doi.org/10.1016/j.cardiores.2005.06.021.

13. El-MasMM, Abdel-Rahman AA. 2019. Role of alcohol oxidative metabolism in its
cardiovascular and autonomic effects. Adv Exp Med Biol 1193:1–33, PMID:
31368095, https://doi.org/10.1007/978-981-13-6260-6_1.

14. Bianchi PC, Costa Ferreira W, Antonagi Engi S, Palombo P, Carneiro De Oliveira
PE, Gomes De Souza L, et al. 2019. Prolonged exposure to alcohol vapor causes
change in cardiovascular function in female but not in male rats. Alcohol Clin
Exp Res 43(6):1066–1076, PMID: 30908675, https://doi.org/10.1111/acer.14035.

15. Mehta AJ, Adam M, Schaffner E, Barthélémy JC, Carballo D, Gaspoz JM, et al.
2012. Heart rate variability in association with frequent use of household sprays
and scented products in SAPALDIA. Environ Health Perspect 120(7):958–964,
PMID: 22538298, https://doi.org/10.1289/ehp.1104567.

16. Carlsson S, Andersson T, TalbäckM, Feychting M. 2021. Mortality rates and car-
diovascular disease burden in type 2 diabetes by occupation, results from all
Swedish employees in 2002–2015. Cardiovasc Diabetol 20(1):129, PMID:
34174883, https://doi.org/10.1186/s12933-021-01320-8.

17. Stute NL, Stickford JL, Augenreich MA, Kimball KC, Cope JM, Bennett C, et al.
2021. Arterial stiffness and carotid distensibility following acute formaldehyde
exposure in female adults. Toxicol Ind Health 37(9):535–546, PMID: 34396864,
https://doi.org/10.1177/07482337211031692.

18. Dumas O, Varraso R, Zock JP, Henneberger PK, Speizer FE, Wiley AS, et al. 2015.
Asthma history, job type and job changes among US nurses. Occup EnvironMed
72(7):482–488, PMID: 25713153, https://doi.org/10.1136/oemed-2014-102547.

19. Donnay C, Denis MA, Magis R, Fevotte J, Massin N, Dumas O, et al. 2011. Under-
estimation of self-reported occupational exposure by questionnaire in hospital
workers. Occup Environ Med 68(8):611–617, PMID: 21515550, https://doi.org/10.
1136/oem.2010.061671.

20. Mahalingaiah S, Hart JE, Laden F, Aschengrau A,Missmer SA. 2014. Air pollution
exposures during adulthood and risk of endometriosis in the Nurses’ Health
Study II. Environ Health Perspect 122(1):58–64, PMID: 24225723, https://doi.org/
10.1289/ehp.1306627.

21. Mirabelli MC, Zock JP, Plana E, Antó JM, Benke G, Blanc PD, et al. 2007.
Occupational risk factors for asthma among nurses and related healthcare pro-
fessionals in an international study. Occup Environ Med 64(7):474–479, PMID:
17332135, https://doi.org/10.1136/oem.2006.031203.

22. Dumas O, Wiley AS, Quinot C, Varraso R, Zock JP, Henneberger PK, et al. 2017.
Occupational exposure to disinfectants and asthma control in US nurses. Eur
Respir J 50(4):1700237, PMID: 28982772, https://doi.org/10.1183/13993003.00237-
2017.

23. Quinot C, Dumas O, Henneberger PK, Varraso R, Wiley AS, Speizer FE, et al. 2017.
Development of a job-task-exposure matrix to assess occupational exposure to
disinfectants among US nurses. Occup Environ Med 74(2):130–137, PMID:
27566782, https://doi.org/10.1136/oemed-2016-103606.

24. Dumas O, Varraso R, Boggs KM, Quinot C, Zock JP, Henneberger PK, et al. 2019.
Association of occupational exposure to disinfectants with incidence of chronic
obstructive pulmonary disease among US female nurses. JAMA Netw Open
2(10):e1913563, PMID: 31626315, https://doi.org/10.1001/jamanetworkopen.2019.
13563.

25. Wang YX, Ding M, Li Y, Wang L, Rich-Edwards JW, Florio AA, et al. 2022. Birth
weight and long-term risk of mortality among US men and women: results from
three prospective cohort studies. Lancet Reg Health Am 15:100344, PMID:
36632048, https://doi.org/10.1016/j.lana.2022.100344.

26. Wang YX, Minguez-Alarcon L, Gaskins AJ, Wang L, Ding M, Missmer SA, et al.
2022. Pregnancy loss and risk of cardiovascular disease: the Nurses’ Health
Study II. Eur Heart J 43(3):190–199, PMID: 34718507, https://doi.org/10.1093/
eurheartj/ehab737.

27. Rich-Edwards JW, Corsano KA, Stampfer MJ. 1994. Test of the national death
index and equifax nationwide death search. Am J Epidemiol 140(11):1016–1019,
PMID: 7985649, https://doi.org/10.1093/oxfordjournals.aje.a117191.

28. Wang YX, Mitsunami M, Manson JE, Gaskins AJ, Rich-Edwards JW, Wang L,
et al. 2023. Association of gestational diabetes with subsequent long-term risk of

Environmental Health Perspectives 057006-9 133(5) May 2025

mailto:nhsaccess@channing.harvard.edu
https://www.nurseshealthstudy.org/researchers
https://vizhub.healthdata.org/gbd-results/
https://www.ncbi.nlm.nih.gov/pubmed/34010613
https://doi.org/10.1016/S0140-6736(21)00684-X
https://www.ncbi.nlm.nih.gov/pubmed/31378814
https://doi.org/10.1093/ije/dyz143
https://www.ncbi.nlm.nih.gov/pubmed/26302759
https://doi.org/10.1161/CIRCULATIONAHA.115.015293
https://www.ncbi.nlm.nih.gov/pubmed/27081110
https://doi.org/10.1161/CIRCRESAHA.116.307547
https://www.bls.gov/opub/ted/2022/over-16-million-women-worked-in-health-care-and-social-assistance-in-2021.htm
https://www.bls.gov/opub/ted/2022/over-16-million-women-worked-in-health-care-and-social-assistance-in-2021.htm
https://doi.org/10.17795/mejrh-28882
https://www.ncbi.nlm.nih.gov/pubmed/38512844
https://doi.org/10.1371/journal.pone.0286245
https://doi.org/10.1371/journal.pone.0286245
https://www.ncbi.nlm.nih.gov/pubmed/34542617
https://doi.org/10.1001/jamanetworkopen.2021.25749
https://doi.org/10.1001/jamanetworkopen.2021.25749
https://www.ncbi.nlm.nih.gov/pubmed/33973354
https://doi.org/10.1111/jcmm.16602
https://doi.org/10.1111/jcmm.16602
https://www.ncbi.nlm.nih.gov/pubmed/12680842
https://doi.org/10.1046/j.1440-1681.2003.03822.x
https://www.ncbi.nlm.nih.gov/pubmed/16009356
https://doi.org/10.1016/j.cardiores.2005.06.021
https://www.ncbi.nlm.nih.gov/pubmed/31368095
https://doi.org/10.1007/%3C?A3B2 show $132#?%3E978-981-13-6260-6_1
https://www.ncbi.nlm.nih.gov/pubmed/30908675
https://doi.org/10.1111/acer.14035
https://www.ncbi.nlm.nih.gov/pubmed/22538298
https://doi.org/10.1289/ehp.1104567
https://www.ncbi.nlm.nih.gov/pubmed/34174883
https://doi.org/10.1186/s12933-021-01320-8
https://www.ncbi.nlm.nih.gov/pubmed/34396864
https://doi.org/10.1177/%3C?A3B2 show $132#?%3E07482337211031692
https://www.ncbi.nlm.nih.gov/pubmed/25713153
https://doi.org/10.1136/oemed-2014-102547
https://www.ncbi.nlm.nih.gov/pubmed/21515550
https://doi.org/10.1136/oem.2010.061671
https://doi.org/10.1136/oem.2010.061671
https://www.ncbi.nlm.nih.gov/pubmed/24225723
https://doi.org/10.1289/ehp.1306627
https://doi.org/10.1289/ehp.1306627
https://www.ncbi.nlm.nih.gov/pubmed/17332135
https://doi.org/10.1136/oem.2006.031203
https://www.ncbi.nlm.nih.gov/pubmed/28982772
https://doi.org/10.1183/%3C?A3B2 show $132#?%3E13993003.00237-2017
https://doi.org/10.1183/%3C?A3B2 show $132#?%3E13993003.00237-2017
https://www.ncbi.nlm.nih.gov/pubmed/27566782
https://doi.org/10.1136/oemed-2016-103606
https://www.ncbi.nlm.nih.gov/pubmed/31626315
https://doi.org/10.1001/jamanetworkopen.2019.13563
https://doi.org/10.1001/jamanetworkopen.2019.13563
https://www.ncbi.nlm.nih.gov/pubmed/36632048
https://doi.org/10.1016/j.lana.2022.100344
https://www.ncbi.nlm.nih.gov/pubmed/34718507
https://doi.org/10.1093/eurheartj/ehab737
https://doi.org/10.1093/eurheartj/ehab737
https://www.ncbi.nlm.nih.gov/pubmed/7985649
https://doi.org/10.1093/oxfordjournals.aje.a117191


mortality. JAMA Intern Med 183(11):1204–1213, PMID: 37695588, https://doi.org/
10.1001/jamainternmed.2023.4401.

29. Fujishiro K, Lawson CC, Hibert EL, Chavarro JE, Rich-Edwards JW. 2015. Job
strain and changes in the body mass index among working women: a prospec-
tive study. Int J Obes (Lond) 39(9):1395–1400, PMID: 25986779, https://doi.org/10.
1038/ijo.2015.91.

30. Yuan C, Spiegelman D, Rimm EB, Rosner BA, Stampfer MJ, Barnett JB, et al.
2018. Relative validity of nutrient intakes assessed by questionnaire, 24-hour
recalls, and diet records as comparedwith urinary recovery and plasma concen-
tration biomarkers: findings for women. Am J Epidemiol 187(5):1051–1063, PMID:
29036411, https://doi.org/10.1093/aje/kwx328.

31. Wang YX, Shan Z, Arvizu M, Pan A, Manson JE, Missmer SA, et al. 2020.
Associations of menstrual cycle characteristics across the reproductive life
span and lifestyle factors with risk of type 2 diabetes. JAMA Netw Open 3(12):
e2027928, PMID: 33346844, https://doi.org/10.1001/jamanetworkopen.2020.27928.

32. Wang YX, Farland LV, Gaskins AJ, Wang S, Terry KL, Rexrode KM, et al. 2024.
Endometriosis and uterine fibroids and risk of premature mortality: prospective
cohort study. BMJ 387:e078797, PMID: 39567014, https://doi.org/10.1136/bmj-
2023-078797.

33. Wang YX, Arvizu M, Rich-Edwards JW, Wang L, Rosner B, Stuart JJ, et al. 2021.
Hypertensive disorders of pregnancy and subsequent risk of premature mortal-
ity. J Am Coll Cardiol 77(10):1302–1312, PMID: 33706872, https://doi.org/10.1016/j.
jacc.2021.01.018.

34. Lin D, Fleming TR, eds. 2012. Proceedings of the First Seattle Symposium in
Biostatistics: Survival Analysis. Volume 123 of Lecture Notes in Statistics. New
York, NY: Springer Science & BusinessMedia.

35. Wang YX, Varraso R, Dumas O, Stuart JJ, Florio A, Wang L, et al. 2023.
Hypertensive disorders of pregnancy and risk of asthma and chronic obstruc-
tive pulmonary disease: a prospective cohort study. Lancet Reg Health Am
23:100540, PMID: 37457814, https://doi.org/10.1016/j.lana.2023.100540.

36. Ferguson KD, McCann M, Katikireddi SV, Thomson H, Green MJ, Smith DJ,
et al. 2020. Evidence synthesis for constructing directed acyclic graphs (ESC-
DAGs): a novel and systematic method for building directed acyclic graphs. Int
J Epidemiol 49(1):322–329, PMID: 31325312, https://doi.org/10.1093/ije/dyz150.

37. Helte E, Donat Vargas C, Kippler M, Wolk A, Michaëlsson K, Åkesson A. 2021.
Fluoride in drinking water, diet, and urine in relation to bone mineral density
and fracture incidence in postmenopausal women. Environ Health Perspect
129(4):047005, PMID: 33822648, https://doi.org/10.1289/EHP7404.

38. Fitzgerald DC. 2007. Aging, experienced nurses: their value and needs. Contemp
Nurse 24(2):237–242, PMID: 17563332, https://doi.org/10.5172/conu.2007.24.2.237.

39. Rosendaal NTA, Pirkle CM. 2017. Age at first birth and risk of later-life cardiovas-
cular disease: a systematic reviewof the literature, its limitation, and recommen-
dations for future research. BMC Public Health 17(1):627, PMID: 28679414,
https://doi.org/10.1186/s12889-017-4519-x.

40. Rangel EL, Smink DS, Castillo-Angeles M, Kwakye G, Changala M, Haider AH,
et al. 2018. Pregnancy and motherhood during surgical training. JAMA Surg
153(7):644–652, PMID: 29562068, https://doi.org/10.1001/jamasurg.2018.0153.

41. Saurel-Cubizolles MJ, Hays M, Estryn-Behar M. 1994. Work in operating rooms
and pregnancy outcome among nurses. Int Arch Occup Environ Health
66(4):235–241, PMID: 7843833, https://doi.org/10.1007/BF00454361.

42. Gaskins AJ, Chavarro JE, Rich-Edwards JW, Missmer SA, Laden F, Henn SA, et al.
2017. Occupational use of high-level disinfectants and fecundity among nurses.
Scand JWork Environ Health 43(2):171–180, PMID: 28125764, https://doi.org/10.5271/
sjweh.3623.

43. Matthews TA, Chen L, Li J. 2023. Increased job strain and cardiovascular disease
mortality: a prospective cohort study in U.S. workers. Ind Health 61(4):250–259,
PMID: 35811129, https://doi.org/10.2486/indhealth.2021-0233.

44. Wei L, Guo Z, Zhang X, Niu Y, Wang X, Ma L, et al. 2023. Mental health and job
stress of nurses in surgical system: what should we care. BMC Psychiatry
23(1):871, PMID: 37996803, https://doi.org/10.1186/s12888-023-05336-0.

45. van Dis I, Geleijnse JM, Kromhout D, Boer J, Boshuizen H, Verschuren WM.
2013. Do obesity and parental history of myocardial infarction improve cardio-
vascular risk prediction? Eur J Prev Cardiol 20(5):793–799, PMID: 22456690,
https://doi.org/10.1177/2047487312444233.

46. Lear SA, HuW, Rangarajan S, Gasevic D, Leong D, Iqbal R, et al. 2017. The effect
of physical activity on mortality and cardiovascular disease in 130 000 people
from 17 high-income, middle-income, and low-income countries: the PURE study.
Lancet 390(10113):2643–2654, PMID: 28943267, https://doi.org/10.1016/S0140-6736
(17)31634-3.

47. Ramírez-Elvira S, Romero-Béjar JL, Suleiman-Martos N, Gómez-Urquiza JL,
Monsalve-Reyes C, Cañadas-De La Fuente GA, et al. 2021. Prevalence, risk fac-
tors and burnout levels in intensive care unit nurses: a systematic review and
meta-analysis. Int J Environ Res Public Health 18(21):11432, PMID: 34769948,
https://doi.org/10.3390/ijerph182111432.

48. Rosendale N, Wood AJ, Leung CW, Kim AS, Caceres BA. 2024. Differences in
cardiovascular health at the intersection of race, ethnicity, and sexual

identity. JAMA Netw Open 7(5):e249060, PMID: 38691360, https://doi.org/10.
1001/jamanetworkopen.2024.9060.

49. Coffman JM, Rosenoff E, Grumbach K. 2001. Racial/ethnic disparities in nursing.
Health Aff (Millwood) 20(3):263–272, PMID: 11585176, https://doi.org/10.1377/
hlthaff.20.3.263.

50. Bozigar M, Huang T, Redline S, Hart JE, Grady ST, Nguyen DD, et al. 2023.
Associations between aircraft noise exposure and self-reported sleep duration
and quality in the United States-based prospective Nurses’ Health Study cohort.
Environ Health Perspect 131(4):047010, PMID: 37058435, https://doi.org/10.1289/
EHP10959.

51. Okoth K, Chandan JS, Marshall T, Thangaratinam S, Thomas GN, Nirantharakumar
K, et al. 2020. Association between the reproductive health of young women and
cardiovascular disease in later life: umbrella review. BMJ 371:m3502, PMID:
33028606, https://doi.org/10.1136/bmj.m3502.

52. Chomistek AK, Chiuve SE, Eliassen AH, Mukamal KJ, Willett WC, Rimm EB. 2015.
Healthy lifestyle in the primordial prevention of cardiovascular disease among
young women. J Am Coll Cardiol 65(1):43–51, PMID: 25572509, https://doi.org/10.
1016/j.jacc.2014.10.024.

53. Hensel D. 2011. Relationships among nurses’ professional self-concept, health,
and lifestyles. West J Nurs Res 33(1):45–62, PMID: 20647550, https://doi.org/10.
1177/0193945910373754.

54. Chiang SL, Chiang LC, Tzeng WC, Lee MS, Fang CC, Lin CH, et al. 2022. Impact of
rotating shifts on lifestyle patterns and perceived stress among nurses: a cross-
sectional study. Int J Environ Res Public Health 19(9):5235, PMID: 35564629,
https://doi.org/10.3390/ijerph19095235.

55. Cheang I, Zhu X, Zhu Q, Li M, Liao S, Zuo Z, et al. 2022. Inverse association
between blood ethylene oxide levels and obesity in the general population:
NHANES 2013–2016. Front Endocrinol (Lausanne) 13:926971, PMID: 36171904,
https://doi.org/10.3389/fendo.2022.926971.

56. Wang YX, Sun Y, Missmer SA, Rexrode KM, Roberts AL, Chavarro JE, et al. 2023.
Association of early life physical and sexual abuse with premature mortality
among female nurses: prospective cohort study. BMJ 381:e073613, PMID:
37137504, https://doi.org/10.1136/bmj-2022-073613.

57. Wang YX, ArvizuM, Rich-Edwards JW, Stuart JJ, Manson JE, Missmer SA, et al.
2020. Menstrual cycle regularity and length across the reproductive lifespan and
risk of premature mortality: prospective cohort study. BMJ 371:m3464, PMID:
32998909, https://doi.org/10.1136/bmj.m3464.

58. Wang YX, Arvizu M, Rich-Edwards JW, Manson JE, Wang L, Missmer SA, et al.
2022. Breastfeeding duration and subsequent risk of mortality among USwomen:
a prospective cohort study. EClinicalMedicine 54:101693, PMID: 36263395,
https://doi.org/10.1016/j.eclinm.2022.101693.

59. Lino-Dos-Santos-Franco A, Domingos HV, de Oliveira AP, Breithaupt-Faloppa
AC, Peron JP, Bolonheis S, et al. 2010. Differential effects of formaldehyde expo-
sure on the cell influx and vascular permeability in a rat model of allergic lung
inflammation. Toxicol Lett 197(3):211–218, PMID: 20658762, https://doi.org/10.
1016/j.toxlet.2010.05.022.

60. Jiang F, Xu XR, Li WM, Xia K, Wang LF, Yang XC. 2020. Monotropein alleviates
H2O2-induced inflammation, oxidative stress and apoptosis via NF-κB/AP-1 sig-
naling. Mol Med Rep 22(6):4828–4836, PMID: 33173962, https://doi.org/10.3892/
mmr.2020.11548.

61. Piano MR. 2017. Alcohol’s effects on the cardiovascular system. Alcohol Res
38(2):219–241, PMID: 28988575.

62. Li Y, Zhou C, Wang S, Lin Q, Ni Z, Qiu H, et al. 2019. Phytotoxicity and oxidative
effects of typical quaternary ammonium compounds on wheat (Triticum aesti-
vum L.) seedlings. Environ Sci Pollut Res Int 26(25):25985–25999, PMID: 31273661,
https://doi.org/10.1007/s11356-019-05822-7.

63. Minzer S, Losno RA, Casas R. 2020. The effect of alcohol on cardiovascular risk fac-
tors: is there new information? Nutrients 12(4):912, PMID: 32230720, https://doi.org/
10.3390/nu12040912.

64. Donia T, Khamis A. 2021. Management of oxidative stress and inflammation in
cardiovascular diseases: mechanisms and challenges. Environ Sci Pollut Res Int
28(26):34121–34153, PMID: 33963999, https://doi.org/10.1007/s11356-021-14109-9.

65. Yang JIL, Lee BG, Park JH, Yeo MK. 2022. Airborne fungal and bacterial micro-
biome in classrooms of elementary schools during the COVID-19 pandemic pe-
riod: effects of school disinfection and other environmental factors. Indoor Air
32(9):e13107, PMID: 36168218, https://doi.org/10.1111/ina.13107.

66. Sciurba JD, Chlipala GE, Green SJ, Delaney MA, Fortman JD, Purcell JE. 2021.
Evaluation of effects of laboratory disinfectants on mouse gut microbiota. Comp
Med 71(6):492–501, PMID: 34763749, https://doi.org/10.30802/AALAS-CM-21-000051.

67. Budden KF, Shukla SD, Rehman SF, Bowerman KL, Keely S, Hugenholtz P, et al.
2019. Functional effects of the microbiota in chronic respiratory disease. Lancet
Respir Med 7(10):907–920, PMID: 30975495, https://doi.org/10.1016/S2213-2600
(18)30510-1.

68. Tonelli A, Lumngwena EN, Ntusi NB. 2023. The oral microbiome in the pathophys-
iology of cardiovascular disease. Nat Rev Cardiol 20(6):386–403, PMID: 36624275,
https://doi.org/10.1038/s41569-022-00825-3.

Environmental Health Perspectives 057006-10 133(5) May 2025

https://www.ncbi.nlm.nih.gov/pubmed/37695588
https://doi.org/10.1001/jamainternmed.2023.4401
https://doi.org/10.1001/jamainternmed.2023.4401
https://www.ncbi.nlm.nih.gov/pubmed/25986779
https://doi.org/10.1038/ijo.2015.91
https://doi.org/10.1038/ijo.2015.91
https://www.ncbi.nlm.nih.gov/pubmed/29036411
https://doi.org/10.1093/aje/kwx328
https://www.ncbi.nlm.nih.gov/pubmed/33346844
https://doi.org/10.1001/jamanetworkopen.2020.27928
https://www.ncbi.nlm.nih.gov/pubmed/39567014
https://doi.org/10.1136/bmj-2023-078797
https://doi.org/10.1136/bmj-2023-078797
https://www.ncbi.nlm.nih.gov/pubmed/33706872
https://doi.org/10.1016/j.jacc.2021.01.018
https://doi.org/10.1016/j.jacc.2021.01.018
https://www.ncbi.nlm.nih.gov/pubmed/37457814
https://doi.org/10.1016/j.lana.2023.100540
https://www.ncbi.nlm.nih.gov/pubmed/31325312
https://doi.org/10.1093/ije/dyz150
https://www.ncbi.nlm.nih.gov/pubmed/33822648
https://doi.org/10.1289/EHP7404
https://www.ncbi.nlm.nih.gov/pubmed/17563332
https://doi.org/10.5172/conu.2007.24.2.237
https://www.ncbi.nlm.nih.gov/pubmed/28679414
https://doi.org/10.1186/s12889-017-4519-x
https://www.ncbi.nlm.nih.gov/pubmed/29562068
https://doi.org/10.1001/jamasurg.2018.0153
https://www.ncbi.nlm.nih.gov/pubmed/7843833
https://doi.org/10.1007/BF00454361
https://www.ncbi.nlm.nih.gov/pubmed/28125764
https://doi.org/10.5271/sjweh.3623
https://doi.org/10.5271/sjweh.3623
https://www.ncbi.nlm.nih.gov/pubmed/35811129
https://doi.org/10.2486/indhealth.2021-0233
https://www.ncbi.nlm.nih.gov/pubmed/37996803
https://doi.org/10.1186/s12888-023-05336-0
https://www.ncbi.nlm.nih.gov/pubmed/22456690
https://doi.org/10.1177/%3C?A3B2 show $132#?%3E2047487312444233
https://www.ncbi.nlm.nih.gov/pubmed/28943267
https://doi.org/10.1016/S0140-6736(17)31634-3
https://doi.org/10.1016/S0140-6736(17)31634-3
https://www.ncbi.nlm.nih.gov/pubmed/34769948
https://doi.org/10.3390/ijerph182111432
https://www.ncbi.nlm.nih.gov/pubmed/38691360
https://doi.org/10.1001/jamanetworkopen.2024.9060
https://doi.org/10.1001/jamanetworkopen.2024.9060
https://www.ncbi.nlm.nih.gov/pubmed/11585176
https://doi.org/10.1377/hlthaff.20.3.263
https://doi.org/10.1377/hlthaff.20.3.263
https://www.ncbi.nlm.nih.gov/pubmed/37058435
https://doi.org/10.1289/EHP10959
https://doi.org/10.1289/EHP10959
https://www.ncbi.nlm.nih.gov/pubmed/33028606
https://doi.org/10.1136/bmj.m3502
https://www.ncbi.nlm.nih.gov/pubmed/25572509
https://doi.org/10.1016/j.jacc.2014.10.024
https://doi.org/10.1016/j.jacc.2014.10.024
https://www.ncbi.nlm.nih.gov/pubmed/20647550
https://doi.org/10.1177/%3C?A3B2 show $132#?%3E0193945910373754
https://doi.org/10.1177/%3C?A3B2 show $132#?%3E0193945910373754
https://www.ncbi.nlm.nih.gov/pubmed/35564629
https://doi.org/10.3390/ijerph19095235
https://www.ncbi.nlm.nih.gov/pubmed/36171904
https://doi.org/10.3389/fendo.2022.926971
https://www.ncbi.nlm.nih.gov/pubmed/37137504
https://doi.org/10.1136/bmj-2022-073613
https://www.ncbi.nlm.nih.gov/pubmed/32998909
https://doi.org/10.1136/bmj.m3464
https://www.ncbi.nlm.nih.gov/pubmed/36263395
https://doi.org/10.1016/j.eclinm.2022.101693
https://www.ncbi.nlm.nih.gov/pubmed/20658762
https://doi.org/10.1016/j.toxlet.2010.05.022
https://doi.org/10.1016/j.toxlet.2010.05.022
https://www.ncbi.nlm.nih.gov/pubmed/33173962
https://doi.org/10.3892/mmr.2020.11548
https://doi.org/10.3892/mmr.2020.11548
https://www.ncbi.nlm.nih.gov/pubmed/28988575
https://www.ncbi.nlm.nih.gov/pubmed/31273661
https://doi.org/10.1007/s11356-019-05822-7
https://www.ncbi.nlm.nih.gov/pubmed/32230720
https://doi.org/10.3390/nu12040912
https://doi.org/10.3390/nu12040912
https://www.ncbi.nlm.nih.gov/pubmed/33963999
https://doi.org/10.1007/s11356-021-14109-9
https://www.ncbi.nlm.nih.gov/pubmed/36168218
https://doi.org/10.1111/ina.13107
https://www.ncbi.nlm.nih.gov/pubmed/34763749
https://doi.org/10.30802/AALAS-CM-21-000051
https://www.ncbi.nlm.nih.gov/pubmed/30975495
https://doi.org/10.1016/S2213-2600(18)30510-1
https://doi.org/10.1016/S2213-2600(18)30510-1
https://www.ncbi.nlm.nih.gov/pubmed/36624275
https://doi.org/10.1038/s41569-022-00825-3


69. Wang Z, Zhao Y. 2018. Gut microbiota derived metabolites in cardiovascular
health and disease. Protein Cell 9(5):416–431, PMID: 29725935, https://doi.org/10.
1007/s13238-018-0549-0.

70. Zhao L, Luo JL, Ali MK, Spiekerkoetter E, NicollsMR. 2023. The human respiratory
microbiome: current understandings and future directions. Am J Respir Cell Mol
Biol 68(3):245–255, PMID: 36476129, https://doi.org/10.1165/rcmb.2022-0208TR.

71. Bau PF, Bau CH, Rosito GA, Manfroi WC, Fuchs FD. 2007. Alcohol consumption,
cardiovascular health, and endothelial function markers. Alcohol 41(7):479–488,
PMID: 17980786, https://doi.org/10.1016/j.alcohol.2007.08.004.

72. Augenreich M, Stickford J, Stute N, Koontz L, Cope J, Bennett C, et al. 2020.
Vascular dysfunction and oxidative stress caused by acute formaldehyde expo-
sure in female adults. Am J Physiol Heart Circ Physiol 319(6):H1369–H1379,
PMID: 33064555, https://doi.org/10.1152/ajpheart.00605.2020.

73. Pollevick ME, Xu KY, Mhango G, Federmann EG, Vedanthan R, Busse P, et al.
2021. The relationship between asthmaand cardiovascular disease: an examina-
tion of the Framingham Offspring Study. Chest 159(4):1338–1345, PMID: 33316236,
https://doi.org/10.1016/j.chest.2020.11.053.

74. Strand LB, Tsai MK, Wen CP, Chang SS, Brumpton BM. 2018. Is having asthma
associated with an increased risk of dying from cardiovascular disease? A pro-
spective cohort study of 446 346 Taiwanese adults. BMJ Open 8(5):e019992,
PMID: 29858410, https://doi.org/10.1136/bmjopen-2017-019992.

75. Chen W, Thomas J, Sadatsafavi M, Fitzgerald JM. 2015. Risk of cardiovascular
comorbidity in patients with chronic obstructive pulmonary disease: a system-
atic review and meta-analysis. Lancet Respir Med 3(8):631–639, PMID: 26208998,
https://doi.org/10.1016/S2213-2600(15)00241-6.

76. Chan-Yeung M, Malo JL. 1995. Occupational asthma. N Engl J Med 333(2):107–
112, PMID: 7777015, https://doi.org/10.1056/NEJM199507133330207.

77. Le Moual N, Carsin AE, Siroux V, Radon K, Norback D, Toren K, et al. 2014.
Occupational exposures and uncontrolled adult-onset asthma in the European
Community Respiratory Health Survey II. Eur Respir J 43(2):374–386, PMID:
23949964, https://doi.org/10.1183/09031936.00034913.

78. Wang TN, Lin MC, Wu CC, Leung SY, Huang MS, Chuang HY, et al. 2010. Risks of
exposure to occupational asthmogens in atopic and nonatopic asthma: a case-
control study in Taiwan. Am J Respir Crit Care Med 182(11):1369–1376, PMID:
20639444, https://doi.org/10.1164/rccm.200906-0969OC.

79. Archangelidi O, Sathiyajit S, Consonni D, Jarvis D, De Matteis S. 2020. Cleaning
products and respiratory health outcomes in occupational cleaners: a system-
atic review and meta-analysis. Occup Environ Med 24:oemed-2020-106776,
PMID: 33234692, https://doi.org/10.1136/oemed-2020-106776.

80. Weinmann T, Forster F, Von Mutius E, Vogelberg C, Genuneit J, Windstetter D,
et al. 2019. Association between occupational exposure to disinfectants and
asthma in young adults working in cleaning or health services: results from a
cross-sectional analysis in Germany. J Occup EnvironMed 61(9):754–759, PMID:
31233007, https://doi.org/10.1097/JOM.0000000000001655.

81. Weinmann T, Gerlich J, Heinrich S, Nowak D,Mutius EV, Vogelberg C, et al. 2017.
Association of household cleaning agents and disinfectants with asthma in
young German adults. Occup Environ Med 74(9):684–690, PMID: 28483971,
https://doi.org/10.1136/oemed-2016-104086.

82. Sit G, Varraso R, Fezeu LK, Galan P, Orsi F, Pacheco Da Silva E, et al. 2022.
Occupational exposures to irritants and sensitizers, asthma and asthma control
in the Nutrinet-Santé Cohort. J Allergy Clin Immunol Pract 10(12):3220–3227.e7,
PMID: 36108925, https://doi.org/10.1016/j.jaip.2022.08.047.

83. De Matteis S. 2022. Occupational causes of chronic obstructive pulmonary dis-
ease: an update. Curr Opin Allergy Clin Immunol 22(2):73–79, PMID: 35125392,
https://doi.org/10.1097/ACI.0000000000000817.

84. Dumas O, Boggs KM, Quinot C, Varraso R, Zock JP, Henneberger PK, et al.
2020. Occupational exposure to disinfectants and asthma incidence in U.S.
nurses: a prospective cohort study. Am J IndMed 63(1):44–50, PMID: 31692020,
https://doi.org/10.1002/ajim.23067.

85. Dumas O, Gaskins AJ, Boggs KM, Henn SA, Le Moual N, Varraso R, et al.
2021. Occupational use of high-level disinfectants and asthma incidence in
early- to mid-career female nurses: a prospective cohort study. Occup
Environ Med 78(4):244–247, PMID: 33452037, https://doi.org/10.1136/oemed-
2020-106793.

86. Rimm EB, Giovannucci EL, Willett WC, Colditz GA, Ascherio A, Rosner B, et al.
1991. Prospective study of alcohol consumption and risk of coronary disease in
men. Lancet 338(8765):464–468, PMID: 1678444, https://doi.org/10.1016/0140-6736
(91)90542-w.

87. Wolf AM, Hunter DJ, Colditz GA, Manson JE, Stampfer MJ, Corsano KA, et al. 1994.
Reproducibility and validity of a self-administered physical activity questionnaire.
Int J Epidemiol 23(5):991–999, PMID: 7860180, https://doi.org/10.1093/ije/23.5.991.

88. Troy LM, Hunter DJ, Manson JE, Colditz GA, Stampfer MJ, Willett WC. 1995. The
validity of recalled weight among younger women. Int J Obes Relat Metab
Disord 19(8):570–572, PMID: 7489028.

89. Yuan C, Spiegelman D, Rimm EB, Rosner BA, Stampfer MJ, Barnett JB, et al.
2017. Validity of a dietary questionnaire assessed by comparison with multiple
weighed dietary records or 24-hour recalls. Am J Epidemiol 185(7):570–584,
PMID: 28338828, https://doi.org/10.1093/aje/kww104.

Environmental Health Perspectives 057006-11 133(5) May 2025

https://www.ncbi.nlm.nih.gov/pubmed/29725935
https://doi.org/10.1007/s13238-018-0549-0
https://doi.org/10.1007/s13238-018-0549-0
https://www.ncbi.nlm.nih.gov/pubmed/36476129
https://doi.org/10.1165/rcmb.2022-0208TR
https://www.ncbi.nlm.nih.gov/pubmed/17980786
https://doi.org/10.1016/j.alcohol.2007.08.004
https://www.ncbi.nlm.nih.gov/pubmed/33064555
https://doi.org/10.1152/ajpheart.00605.2020
https://www.ncbi.nlm.nih.gov/pubmed/33316236
https://doi.org/10.1016/j.chest.2020.11.053
https://www.ncbi.nlm.nih.gov/pubmed/29858410
https://doi.org/10.1136/bmjopen-2017-019992
https://www.ncbi.nlm.nih.gov/pubmed/26208998
https://doi.org/10.1016/S2213-2600(15)00241-6
https://www.ncbi.nlm.nih.gov/pubmed/7777015
https://doi.org/10.1056/NEJM199507133330207
https://www.ncbi.nlm.nih.gov/pubmed/23949964
https://doi.org/10.1183/%3C?A3B2 show $132#?%3E09031936.00034913
https://www.ncbi.nlm.nih.gov/pubmed/20639444
https://doi.org/10.1164/rccm.200906-0969OC
https://www.ncbi.nlm.nih.gov/pubmed/33234692
https://doi.org/10.1136/oemed-2020-106776
https://www.ncbi.nlm.nih.gov/pubmed/31233007
https://doi.org/10.1097/JOM.0000000000001655
https://www.ncbi.nlm.nih.gov/pubmed/28483971
https://doi.org/10.1136/oemed-2016-104086
https://www.ncbi.nlm.nih.gov/pubmed/36108925
https://doi.org/10.1016/j.jaip.2022.08.047
https://www.ncbi.nlm.nih.gov/pubmed/35125392
https://doi.org/10.1097/ACI.0000000000000817
https://www.ncbi.nlm.nih.gov/pubmed/31692020
https://doi.org/10.1002/ajim.23067
https://www.ncbi.nlm.nih.gov/pubmed/33452037
https://doi.org/10.1136/oemed-2020-106793
https://doi.org/10.1136/oemed-2020-106793
https://www.ncbi.nlm.nih.gov/pubmed/1678444
https://doi.org/10.1016/%3C?A3B2 show $132#?%3E0140-6736(91)90542-w
https://doi.org/10.1016/%3C?A3B2 show $132#?%3E0140-6736(91)90542-w
https://www.ncbi.nlm.nih.gov/pubmed/7860180
https://doi.org/10.1093/ije/23.5.991
https://www.ncbi.nlm.nih.gov/pubmed/7489028
https://www.ncbi.nlm.nih.gov/pubmed/28338828
https://doi.org/10.1093/aje/kww104

	Occupational Exposure to Disinfectants and Risk of Incident Cardiovascular Disease among US Nurses: The Nurses’ Health Study II
	Introduction
	Methods
	Study Population
	Ascertainment of Disinfectant Exposure
	Ascertainment of CVD
	Covariates
	Data Analysis

	Results
	Population Characteristics
	Job Types, Cleaning/Disinfection Tasks, and CVD
	Frequency of Cleaning/Disinfection Tasks, Chemical-Specific Products, and CVD
	Interaction and Sensitivity Analyses

	Discussion
	Conclusion
	Acknowledgments
	References


