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ABBREVIATIONS

24-hr SDNN — Standard deviation of all normal-to-normal intervals in 24-hours

ECG — Electrocardiogram

FEV//FVC — Ratio of forced expiratory volume in 1 second over forced vital capacity
HF — High frequency

HRYV — Heart rate variability

LF — Low frequency

LF/HF — Ratio of low frequency over high frequency

PM, — Particulate matter with aerodynamic diameter < 10 pum

SAPALDIA — Swiss Cohort Study on Air Pollution and Lung and Heart Diseases in Adults
TP — Total power
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ABSTRACT

Background: Using household cleaning products is associated with adverse respiratory health
outcomes, but the cardiovascular health effects are largely unknown.

Objectives: To determine if long-term use of household sprays and scented products at home
was associated with reduced heart rate variability (HRV), a marker of autonomic cardiac
dysfunction.

Methods: 24-hour electrocardiograms were recorded in a cross-sectional survey of 581 Swiss
adults, > 50 years of age, who answered a detailed questionnaire on use of household cleaning
products at their homes. Adjusted average percent changes in standard deviation of all normal-to-
normal intervals in 24-hours (24-hr SDNN) and total power (TP) were estimated in association
with frequency (<1, 1-3, or 4-7 days/week, unexposed as reference) of using cleaning sprays, air
freshening sprays, and scented products in multiple linear regression.

Results: Decreases in 24-hr SDNN and TP were observed with frequent use of all product types,
but the strongest reductions were associated with use of air freshening sprays. Relative to
unexposed participants, using air freshening sprays 4-7 days/week was associated with 11%,
(95%CI:-20—2%) and 29% (95%CI:-46—8%) decreases in 24-hr SDNN and TP, respectively.
Inverse associations of 24-SDNN and TP with increased use of cleaning sprays, air freshening
sprays, and scented products were observed mainly in participants with obstructive lung disease
(p<0.05 for interactions).

Conclusions: In predominantly older adult females, long-term frequent use of household spray
and scented products was associated with reduced HRV, suggesting an increased risk of
cardiovascular health hazards. People with pre-existing pulmonary conditions may be more

susceptible.
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INTRODUCTION

The health hazards associated with household cleaning products are a growing public
health concern. While earlier studies identified use of cleaning products to be a risk factor for
work-related asthma among cleaners employed in industrial and domestic settings (Medina-
Ramon et al. 2005; Nielsen and Bach 1999; Rosenman et al. 2003; Zock et al. 2001), more recent
studies have observed that non-professional use of household cleaning products and air
fresheners in domestic settings may be a risk factor for developing asthma (Zock et al. 2007) and
breast cancer in females (Zota et al. 2010).

The indoor use of household cleaning products and air fresheners, including products
with spray application, may result in inhalational exposures to toxic volatile product constituents
(e.g. volatile organic compounds (VOCs)), which are emitted during application, and to
secondary pollutants that are formed when these primary constituents react with the indoor
environment (e.g. with ozone and secondary organic aerosols) (Singer et al. 2006; Bello et al.
2010; Wolkoff et al. 1998). A wide range of adverse health effects were observed with indoor
exposure to VOCs in non-industrial environments including mucosal membrane irritation, and
systemic effects such as fatigue and poor concentration (Bernstein et al. 2008). A recent
statement by the American Heart Association (AHA) on air pollution and cardiovascular disease
summarizes the role of ambient particles, gases and chemical substances, including VOCs, in the
development of cardiovascular disease (Brook et al. 2010). Whether indoor aerosol exposures
resulting from use of household cleaning and air freshening products affect cardiovascular health
is largely unknown.

The objective of this study was to examine whether long-term non-professional use of

household cleaning sprays, air freshening sprays, and scented products in domestic settings was
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associated with reduced heart rate variability (HRV), an established marker of cardiac autonomic
dysfunction and increased cardiovascular events and mortality (Dekker et al. 1997; Kleiger et al.
1987; Tsuji et al. 1996), among participants in the Swiss Cohort Study on Air Pollution and Lung
and Heart Diseases in Adults (SAPALDIA). SAPALDIA participants included in the present
study (defined below) were predominantly females, many of whom were full-time homemakers,

thus providing a unique opportunity to carry out this objective.

METHODS
Study population

SAPALDIA is a multicenter and population-based prospective cohort study consisting of
a random sample of 9,561 adults who were between 18 and 60 years old when they were
recruited from eight regions in Switzerland (Martin et al. 1997). The baseline survey occurred in
1991 when participants were administered medical examinations, including spirometry testing,
and a detailed health questionnaire. The second assessment (SAPALDIA 2) of 8,047 study
participants (84.2%) was conducted from 2001 to 2003 and additionally included HRV
measurements and special questionnaires on work-related exposures. A detailed questionnaire on
household cleaning activities was administered to all participants who responded positively to
the following question from the health questionnaire, “Have you been the person doing the
cleaning and/or washing in your home in the last ten years?” (n=3,255) (Ackermann-Liebrich et
al. 2005). Twenty-four hour electrocardiogram (ECG) monitoring was performed to assess HRV
in a random selection of 1,846 participants >50 years of age (955 women, 891 men) (Felber

Dietrich et al. 2006). This cross-sectional analysis was restricted to 851 individuals >50 years of



age with valid HRV measurements and participation in the household cleaning questionnaire (see
Supplemental Material, Figure 1 for a flow chart describing participation).

Of these 851 participants, 188 were excluded for reporting either occupations involving
the use of cleaning products at work (n=166), or involving metalworking, welding, or soldering
(n=22). After further exclusion of participants with insufficient exposure or covariate
information (n=82), a total of 581 participants contributed to this analysis. The distributions of
basic characteristics were similar between the 581 participants included in this analysis and the
808 non-participants, who were also >50 years of age and reported cleaning activities at their
homes, but were not selected for HRV assessment (see Supplemental Material, Table 1). Ethical
approval for the study was given by the central Ethics Committee of the Swiss Academy of
Medical Sciences and the Cantonal Ethics Committees for each of the eight examination areas
and participants signed an informed consent at the examination.

HRV measurements and analyses

Holter recordings were made between August 2001 and March 2003 as described in
detail in Felber et al. (2006). Recorders were placed on participants who had given consent after
a detailed health interview. Participants were asked to follow their regular daily routine during
the recording period. In order to avoid a biased result due to methacholine challenge, which was
part of the SAPALDIA lung function testing and which, for practical reasons, was performed
before the Holter recording, we excluded the first two hours of all recordings. The mean + SD
duration of the Holter recordings was 22.4+2.1 hr. The summary measures of HRV which were
selected as the primary outcomes of interest in this analysis included the 24-hour value of the
standard deviation of all normal RR (NN) intervals (24-hr SDNN) (ms), and the following

frequency domain variables: total power (TP) (< 0.40 Hz) (ms?), low—frequency (LF) power
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(0.04-0.15 Hz) (ms?), and high-frequency (HF) power (0.15-0.40 Hz) (ms?). The evaluation of
SDNN and TP was also limited to nighttime, which was defined as the time when subjects
indicated in the diary that they where sleeping. To improve normality of the residuals, each HRV
parameter was log transformed in this analysis.
Spirometry testing

The spirometry protocol was equivalent to that of the European Community Respiratory
Health Survey (ECRHS) (Burney et al. 1994). No bronchodilation was applied. Participants
performed three to eight forced expiratory lung function maneuvers were with the spirometer
(Sensormedics model 2200, Yorba Linda, California, USA), and at least two acceptable
measurements of forced vital capacity (FVC) and forced expiratory volume in one second
(FEV)) were obtained, complying with ATS criteria (American Thoracic Society 1995).
Respiratory symptoms and medication use

Presence of asthma was based on positive responses to the questions, “Have you ever had
asthma?” and, if yes “Was this confirmed by a doctor?” Shortness of breath was defined based
on a positive response to the question, “Are you troubled by shortness of breath when hurrying
on level ground or walking up a slight hill?”” Chronic bronchitis was defined as self-report of
cough or phlegm during the day or at night on most days for as much as 3 months each year for
>2 years. Medication use for asthma or breathing problems was defined by a positive response to
either of the following questions: “Has your doctor ever prescribed medicines, including
inhalers, for your breathing?”, “Are you currently taking any medicines including inhalers,
aerosols or tablets for asthma?”, or “Have you taken medicine for asthma during the last 3

days?”



Exposure assessment

The questionnaire module on cleaning/washing in the home, which was adopted from the
ECRHS, asked about the frequency of using of 16 different products for domestic cleaning and
washing over a time period of at least 3 consecutive months since the baseline survey in 1991
(ECRHS, www.ecrhs.org). A previous analysis of Spanish housewives compared the frequency
responses in this module with a 1-week diary as the gold standard, and the median specificity
was 94% across the different cleaning products (Medina et al. 2000 (abstract)). We hypothesized
that use of products with spray application would better facilitate respiratory exposure to irritants
than non-spray products, thus we focused mainly on several spray products used for cleaning
glass, furniture, rugs/curtains/carpets, or ovens, and for ironing, air freshening, and other
unspecified purposes. We also examined the use of scented products, which could either be in
spray or non-spray form. For each product, the frequency of use was recorded as never, <1, 1-3,
or 4-7 days/week and assigned a score from 0 to 3, respectively. In a preliminary factor analysis,
it was determined that the use of cleaning sprays for glass, furniture, and rug/carpet/curtain
contributed to most of the variation in reported use of spray products in the study sample. A
composite score variable for cleaning sprays was subsequently constructed, which was the sum
of individual frequency scores for using glass, rug/carpet/curtain, and furniture cleaning sprays
with a value ranging from 1-9, and divided into four categories (1, 2, 3, >4). To evaluate the
number of sprays used weekly (accounting for all types of sprays, including air freshening
sprays), another composite score variable was developed with a value of 1 to 3 (1: any spray <1

day/week; 2: 1 spray >1 day/week, 3: >2 sprays >1 day/week).
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Statistical analysis

Statistical analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC,
USA). Log-transformed 24-hr SDNN, TP, LF, and HF were separately regressed against the
different categorical variables of cleaning spray, air freshening spray, scented product, and
number of different sprays used weekly in multiple linear regression (PROC GLM). Effect
estimates for each exposure frequency category were first expressed as geometric mean ratios,
with unexposed participants as the reference group, and then converted into average percent
changes. Ordinal trends in exposure-response were also evaluated by treating exposure variables
as continuous, where unexposed participants were assigned a score of zero. Because 24-hr
SDNN and TP are in theory mathematically correlated, the Wilks’ Lambda test was used to
evaluate the overall association between exposure and both outcomes 24-hr SDNN and TP using
the MANOVA procedure, which handles multiple correlated outcomes (Scheiner 2001); only p-
values indicating statistically significant deviation (p<0.05) from the null hypothesis of no
association are reported.

All models were adjusted for individual-level covariates that were considered potential
confounders of the association between long-term use of household sprays and scented products
and HRV including: sex (female as reference), age (years), agez, body mass index (BMI, kg/mz),
BMF, smoking status (former, current, never as reference), tertiary education level (high,
medium, low as reference), employment status (sick, disabled or other; employed or student or
military; housewife/husband as reference), weekly physical activity [to the point of getting out of
breath or sweating for <2 hour (reference), between 2 and 2h, or >2h), daily alcohol
consumption (>1, <1 drink as reference), daily exposure to environmental tobacco smoke (ETS,

<3, >3, 0 hours as reference), uric acid concentration measured in serum (micromol/L), current
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cardiovascular medication intake (yes, no as reference), seasonal effects (based on sine and
cosine function of day of examination), street-related noise, train-related noise, average traffic-
related particulate matter with aerodynamic diameter <10 pm (PM,o) concentration, and study
area. More details regarding the measurement and analysis of personal noise and traffic-related
PM, exposures are described in previous studies (Dratva et al. 2012; Kiinzli et al. 2009; Liu et
al. 2007).

Having ever smoked, obesity (BMI >30 kg/m?), cardiovascular medication intake, and
markers or symptoms of obstructive lung disease were evaluated as potential effect modifiers.
We constructed multiplicative interaction terms between each effect potential modifier and
ordinal exposure variables (e.g., exposure scores modeled as continuous variables), and included
them in separate multiple linear regression models. Only interactions with p-values<0.05 are
reported. In addition, we evaluated interactions with 24-hr SDNN and TP as a combined
outcome using the MANOVA procedure described above. Obstructive lung disease was defined
as presence of any of the following markers or symptoms: ratio of forced expiratory volume in
one second over forced vital capacity (FEV,/FVC) <0.70, self-reported symptoms of chronic
bronchitis, or self-reported shortness of breath. To evaluate effect modification by obstructive
lung disease as distinct from asthma, all participants who reported occurrence of asthma or
asthma medication intake were excluded from the analysis. We did not evaluate self-reported
asthma, diabetes, or heart disease for effect modification because of insufficient numbers of
observations for statistical comparisons.

Secondary analyses
Specific cleaning activities were not recorded in the time activity diaries, thus, we were

not able to evaluate the acute effect of household sprays and scented products on HRV. Since
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HRYV during nighttime is less likely to be influenced by short-term disturbances we estimated
adjusted average percent changes of (log-transformed) nighttime SDNN and TP in association
with the frequency of use of each product type in multiple linear regression. Linear regression
models were also repeated with the reference category for each exposure variable comprising

both unexposed participants and those who used the product of interest <1 day/week.

RESULTS

Of the 581 participants, 515 reported use any spray or scented product and 66 reported
use of neither any spray or scented product, the latter of whom were considered unexposed in all
analyses (Table 1). Both groups were primarily female, and were similar with regard to age,
BMI, alcohol consumption, employment status, and education level. However, exposed
participants included a significantly larger proportion of ever smokers compared with unexposed
participants.

Of the 515 exposed participants, 362 reported use of cleaning sprays, 175 reported use of
air freshening sprays, and 318 reported use of scented products (see Supplemental Material,
Table 2). Among participants who used cleaning sprays, 46 were in the highest frequency
category (composite score > 4, 12.7%). Approximately 22% and 24% of participants who
reported using air freshening sprays and scented products, respectively, used these products 4-7
days/week. The prevalence of current smokers was highest in participants in the most frequent
categories for use of cleaning sprays and air freshening sprays, and in participants who reported
using scented products > 1 day/week. Exposure to ETS > 3 hours/day was highest in participants
who used air freshening sprays 4-7 days/week, in participants who used scented products > 1

day/week, and in participants with a composite score > 3 for cleaning spray use. Finally, minimal
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physical activity (< 0.5 hours/week) was highest in the most frequent categories of all product
types.

Unadjusted average percent changes of each summary HRV measure in association with
frequency of using cleaning sprays, air freshening sprays, scented products, and number of
sprays used weekly are summarized in Supplemental Material, Table 3. Overall, there is general
pattern of reduction in HRV, particularly for TP, with increased usage of all products. The
adjusted effect estimates for TP were not considerably different from the corresponding
unadjusted estimates, particularly in the highest frequency categories (Figure 1; see
Supplemental Material, Table 4). Decreases in TP were largest for those who used air freshening
sprays 1-3 (-23%, 95%CI: -39, -2%) and 4-7 days/week (-29%, 95%CI: -46, -8%) compared with
unexposed participants after adjustment for all other covariates. Relative to unexposed
participants, similarly large reductions in TP were also observed in the highest frequency
categories for use of cleaning sprays and scented products, and number of sprays used weekly,
with average decreases in TP ranging between 17-21%. Finally, ordinal trends for lowered TP
(p<0.05) were also observed with increased use cleaning sprays, air freshening sprays, and
number of sprays used weekly (see Supplemental Material, Table 4).

Relative to unexposed participants, the largest decreases in 24-hr SDNN were in
association with using air freshening sprays 1-3 (-12%, 95%CI:-20, -4%) and 4-7 days/week (-
11%, 95%CI:-20, -2%) (Figure 1; see Supplemental Material, Table 4). Overall (inverse)
associations between both outcomes 24-hr SDNN and TP and using air freshening sprays 1-3 and
4-7 days/week were statistically significant (Wilks’ Lambda p=0.02 and p=0.03, respectively).
The inverse ordinal trend of the association between air freshening sprays and both outcomes 24-

hr SDNN and TP was also statistically significant (Wilks” Lambda p=0.02) (data not shown).
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Participants who used scented products 4-7 days/week also had reduced 24-hr SDNN (-9%,
95%CI:-16, -1%) compared to unexposed participants.

Similar to TP, an ordinal trend for decreased LF was observed with number of sprays
used weekly (Figure 1; see Supplemental Material, Table 4). Associations with lower frequency
categories of all product types were larger for LF than HF, but associations with HF were
comparable to or larger than associations with LF for the highest frequency categories. Relative
to unexposed participants, all discrete comparisons between exposures and LF and HF were not
statistically significant with exception of associations between LF and composite score of 2 for
cleaning spray use, and >2 sprays used weekly (see Supplemental Material, Table 4).

There were no major differences in exposure-response for 24-hr SDNN and TP according
to ever smoking and obesity status (see Supplemental Material, Figures 2 and 3). However, for
all products of interest, negative associations with 24-hr SDNN and TP were observed mainly in
participants with markers or symptoms of obstructive lung disease (Figure 2). Statistically
significant interactions between obstructive lung disease and air freshening sprays, scented
products, and the number of spray products used weekly, were present for 24-hr SDNN and TP
as separate outcomes (all p<0.05) and for 24-hr SDNN and TP as combined outcomes (all Wilks’
Lambda p<0.01). The inverse associations of cleaning spray use with 24-hr SDNN and TP were
also present mainly in participants with obstructive lung disease, but a statistically significant
interaction was only observed for TP (p=0.10 and p=0.02 for interactions with 24-hr SDNN and
TP as separate outcomes, respectively). Associations with air freshening sprays and number of
sprays used weekly and LF were also modified, such that inverse associations were mainly
observed in participants with obstructive lung disease. Inverse associations between LF and

cleaning sprays, air freshening sprays, scented products, and multiple sprays were also larger
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among participants who reported taking cardiovascular medication (see Supplemental Material,
Figure 4), but only for the highest frequency categories of each exposure. A significant
interaction was also observed between cardiovascular medication intake and use of cleaning
sprays on both 24-hr SDNN and TP (Wilks’ Lambda p=0.03).
Secondary analyses

Overall, percent decreases in nighttime SDNN and TP in association with the frequency
of household spray and scented product use (see Supplemental Material, Table 5) were smaller
than the percent decreases estimated for the 24-hour period. Decreases in nighttime SDNN in
association with use of air freshening sprays 1-3 and 4-7 days/week (-10%, 95%CI:-20, 0.6%; -
11%, 95%CI:-21, 1.2%, respectively) were comparable to the average percent changes in 24-hr
SDNN.

Overall, the patterns of exposure-response were unchanged when the reference category
for exposure included both unexposed participants and participants that used products < 1
day/week (see Supplemental Material, Table 6). The average percent changes in 24-hour SDNN
and TP were not as strongly inverse as the corresponding effect estimates presented in
Supplemental Material, Table 2 where the reference category included unexposed participants

only.

DISCUSSION

Potential health hazards associated with household cleaning products are a growing
public health concern, but the effects of regular use on cardiovascular health are largely
unknown. In this cross-sectional analysis of predominantly female older Swiss adults who

reported cleaning at their own homes, we observed that long-term frequent use of household
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sprays and scented products was associated with reduced HRV, with the strongest inverse
associations observed with air freshening sprays. Obstructive lung disease modified the observed
associations, such that participants with either airflow obstruction or self-reported chronic
respiratory symptoms (in absence of asthma) appeared to be more susceptible to exposure-
associated reductions in HRV than other participants.

Reduced HRV is a marker of cardiac autonomic dysfunction and may increase the risk of
all-cause mortality in the general population (Dekker et al. 1997; Tsuji et al. 1994) and in
patients with heart failure (Task Force of the European Society of Cardiology 1996), as well as
increase the risk of non-fatal cardiovascular events including myocardial infarction and new-
onset hypertension (Singh et al. 1998; Tsuji et al. 1996). Reduced HRV has been described as an
intermediate factor between air pollution and cardiovascular morbidity and mortality (Pope et al.
2004; Utell et al. 2002), however, the clinical implications of the associations observed between
HRYV and the use of household sprays and scented products in older adults are not clear. To our
knowledge, this is the first study to evaluate the effect of long-term use of household sprays and
scented products on cardiovascular health, and the present findings should be verified in other
study populations before clinical implications are addressed.

Numerous epidemiologic studies have examined the association between ambient air
pollution and HRV, and the general pattern suggests that exposure to particulate matter is
associated with increased heart rate and reductions in most indices of HRV among older or other
susceptible individuals (Brook et al. 2010), but the biological mechanisms linking ambient air
pollution and reduced HRV are not fully understood. The recent AHA statement suggests that
inhalation of particulate matter may result in disturbance of the autonomic nervous system

balance or heart rhythm by particle interactions with lung receptors or nerves (Brook et al. 2010).
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We hypothesize a similar mechanism applies to exposures resulting from long-term use of
household sprays and scented products, which may result in exposure to VOCs or other toxic air
contaminants (Bello et al. 2010; Singer et al. 2006; Wolkoff et al. 1998). Ambient VOCs have
been shown to increase the risk of cardiovascular mortality (Theophanides et al. 2007; Tsai et al.
2010), and a recent occupational study of healthy young adult females (n=62) working in hair
salons observed that indoor exposure to non-specific VOCs was associated with reduced HRV
(Ma et al. 2010). A strong correlation between personal exposure to non-specific VOCs and
reduction in HRV, particularly HF, was also observed in recent panel study of seven healthy
adults under daily life conditions (Mizukoshi et al. 2010). Indoor VOC:s, particularly the ones
from air fresheners, have been shown to interact with ozone to produce secondary organic
aerosols indoors. Hence this may be an additional mechanism of action that could explain
stronger effects of air fresheners (Chen and Hopke 2009).

The findings also suggest those with obstructive lung disease are more strongly affected
by the use of household sprays and scented products, which is of interest. Obstructive lung
disease was defined based on symptoms and markers commonly associated with chronic
obstructive pulmonary disease (COPD). While COPD is characterized by chronic airway
inflammation, systemic effects have been observed including decreases in HRV and raised
systemic inflammation (Sinden and Stockley 2010; Stein et al. 1998; Volterrani et al. 1994). It
has been proposed that chronic pulmonary inflammation, by contributing to sub-clinical systemic
inflammation, plays a pivotal role in atherosclerosis and acts as a primary underlying mechanism
of cardiovascular morbidity and mortality in association with air pollution exposures (Kiinzli and
Tager 2005). This hypothesis might also apply to effects of long-term exposures to household

sprays and scented products. Post-bronchodilator spirometry was not performed in this study, so
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it is possible that some participants classified as having obstructive lung disease may have had
conditions more consistent with asthma (in which airflow obstruction is generally reversible)
than COPD. However, we excluded participants who reported doctor-diagnosed asthma or
asthma medication use from the analysis.

This study has several limitations that should be considered. This was a cross-sectional
analysis, thus, the temporality of exposure-response relations could not be evaluated. The
observed findings may also be explained by selection bias should the inclusion of participants in
this analysis be associated with both the exposures and outcomes of interest. However, the
overall distributions of household spray and scented product use and other characteristics,
including smoking and cardiovascular medication intake, were similar between participants and
non-participants not selected for HRV assessment (see Supplemental Material, Table 1).

Data collected on household cleaning product use were based on self-report, which may
result in exposure misclassification. Bias from exposure misclassification is likely non-
differential with respect to HRV, an objective measure, typically leading to a bias towards the
null and thus likely resulting in an underestimation of the true association. Exposures resulting
from use of household sprays and scented products may be also modified by home
characteristics, such as room size, humidity, ventilation, and temperature, but this information
was not collected.

There was also no information available on specific cleaning activities in the time activity
diaries recorded during the electrocardiogram monitoring, thus we were not able to estimate
acute effects of household sprays and scented products on HRV. It is possible that frequent use
of household sprays and scented products over long duration was associated with an increased

likelihood of use of these products immediately before or during electrocardiogram monitoring.
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With the exception of air freshening sprays and night time SDNN, average percentage decreases
in night time HRV in association with exposure were smaller than corresponding percent
decreases in 24-hour HRV, which also raises the question whether principal findings reflect
long-term or short-term use of household sprays and scented products.

While we attempted to control for multiple potential confounders, the observed
associations may be biased by residual confounding, such as confounding by sources of indoor
air pollution that are known to impair cardiovascular health, including ETS exposures (Barnoya
and Glantz 2005) and biomass burning (Baumgartner et al. 2011; McCracken et al. 2011). Indoor
measurements of particulate matter and gaseous pollutants were not available in this study, but
self-reported information on daily ETS exposure was collected and adjusted for. Additional
adjustment for exposure to biomass smoke - defined as present if the participant reported use of a
wood fireplace, wood burning oven, or either coal, coke, or wood fuel for heating - did not result
in any meaningful change in the effect estimates presented (data not shown). Other factors for
which we have no available data, such as psychosocial conditions including anxiety and
depression, may also increase the risk of coronary heart disease (Hemingway and Marmot 1999).
It is possible that the findings may be explained by unmeasured confounding by these conditions
(and other unknown factors) if they increase the risk of reduced HRV and are more prevalent
among adults who use household sprays and scented products most frequently. Residual
confounding by cigarette smoking, socioeconomic status, and other covariates is also possible.
Additional adjustment for cumulative pack-years smoked did not result in any considerable
changes in the effect estimates presented (data not shown). Aside from education level,
SAPALDIA did not collect information on other proxies for socioeconomic status, such as

personal income. Finally, the most frequent users of sprays and scented products tended to be the
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least physically active on a weekly basis. While we adjusted for weekly physical activity in our
analysis, we cannot exclude the possibility of residual confounding by a hypothetical association
between frequent use of sprays and scented products and physical activity on the day of
electrocardiogram monitoring.

Considering the strength of the observed associations and perceived public health impact,
further investigation of the potential effects of exposures to household sprays and scented
products on HRV and other cardiovascular outcomes in other study populations, with emphasis
on direct exposure assessment and longitudinal observation of exposures and outcomes, is
warranted. In conclusion, long-term frequent use of household spray and scented products was
associated with reduced HRV in a predominantly female population of older adults, and pre-

existing pulmonary conditions appeared to increase susceptibility.

19



Page 20 of 28

REFERENCES

Ackermann-Liebrich U, Kuna-Dibbert B, Probst-Hensch NM, Schindler C, Felber Dietrich D,
Stutz EZ, et al. 2005. Follow-up of the Swiss Cohort Study on Air Pollution and Lung Diseases
in Adults (SAPALDIA 2) 1991-2003: methods and characterization of participants. Soz
Praventivmed 50:245-263.

American Thoracic Society. Standardization of Spirometry, 1994 Update. 1995. Am J
Respir Crit Care Med 152:1107-1136.

Barnoya J, Glantz SA. 2005. Cardiovascular effects of secondhand smoke: nearly as large as

smoking. Circulation 111:2684-2698.

Baumgartner J, Schauer JJ, Ezzati M, Lu L, Cheng C, Patz JA, Bautista LE. 2011. Indoor air
pollution and blood pressure in adult women living in rural China. Environ Health Perspect

119:1390-1395.

Bello A, Quinn MM, Perry MJ, Milton DK. 2010. Quantitative assessment of airborne exposures

generated during common cleaning tasks: a pilot study. Environ Health 9:76.

Bernstein JA, Alexis N, Bacchus H, Bernstein IL, Fritz P, Horner E, et al. The health effects of

non-industrial indoor air pollution. J Allergy Clin Immunol 2008;121:585-589.

Brook RD, Rajagopalan S, Pope CA 3rd, Brook JR, Bhatnagar A, Diez-Roux AV, et al. 2010.
Particulate matter air pollution and cardiovascular disease: An update to the scientific statement

from the American Heart Association. Circulation 121:2331-2378.

Chen X, Hopke PK. 2009. Secondary organic aerosol from alpha-pinene ozonolysis in dynamic

chamber system. Indoor Air 19:335-345.

Burney PG, Luczynska C, Chinn S, Jarvis D. 1994. The European Community Respiratory
Health Survey. Eur Respir J 7:954-960.

Dekker JM, Schouten EG, Klootwijk P, Pool J, Swenne CA, Kromhout D. 1997. Heart rate
variability from short electrocardiographic recordings predicts mortality from all causes in

middle-aged and elderly men. The Zutphen Study. Am J Epidemiol 145:899-908.

20



Page 21 of 28

Dratva J, Phuleria HC, Foraster M, Gaspoz JM, Keidel D, Kiinzli N, et al. 2012. Transportation
noise and blood pressure in a population-based sample of adults. Environ Health Perspect

120:50-5.

ECRHS (European Community Respiratory Health Survey). ECRHS II Occupational Modules.
Available: http://www.ecrhs.org/Quests/ecrhs%20occupational%20modules.pdf [accessed 01
December 2011].

Felber Dietrich D, Schindler C, Schwartz J, Barthélémy JC, Tschopp JM, Roche F, et al. 2006.
Heart rate variability in an ageing population and its association with lifestyle and cardiovascular

risk factors: results of the SAPALDIA study. Europace 8:521-529.

Hemingway H, Marmot M. 1999. Evidence based cardiology: psychosocial factors in the
aetiology and prognosis of coronary heart disease. Systematic review of prospective cohort

studies. BMJ 318:1460-1467.

Kleiger RE, Miller JP, Bigger JT. 1987. Decreased heart rate variability and its associations with

increased mortality after acute myocardial infarction. Am J Cardiol 59:256-262.

Kiinzli N, Bridevaux PO, Liu LJ, Garcia-Esteban R, Schindler C, Gerbase MW, et al. Traffic-
related air pollution correlates with adult-onset asthma among never-smokers. 2009. Thorax

64:664-70.

Liu LJ, Curjuric I, Keidel D, Heldstab J, Kiinzli N, Bayer-Oglesby L, et al. 2007.
Characterization of source-specific air pollution exposure for a large population-based Swiss

cohort (SAPALDIA). Environ Health Perspect 115:1638-45.

Ma CM, Lin LY, Chen HW, Huang LC, Li JF, Chuang KJ. 2010. Volatile organic compounds

exposure and cardiovascular effects in hair salons. Occup Med 60:624-630.

Martin BW, Ackermann-Liebrich U, Leuenberger P, Kiinzli N, Stutz EZ, Keller R, et al. 1997.
SAPALDIA: methods and participation in the cross-sectional part of the Swiss Study on Air
Pollution and Lung Diseases in Adults. Soz Praventivmed 42:67-84.

21



Page 22 of 28

McCracken J, Smith KR, Stone P, Diaz A, Arana B, Schwartz J. 2011. Intervention to Lower
Household Wood Smoke Exposure in Guatemala Reduces ST-Segment Depression on

Electrocardiograms. Environ Health Perspect 119:1562-1568.

Medina M, Zock JP, Kogevinas M, Sunyer J, Anté JM. 2000. Validity and reproducibility of a
modular questionnaire to determine asthma-related cleaning exposures in Spanish housewives

(Abstract). Eur Respir J 16:520s.

Medina-Ramén M, Zock JP, Kogevinas M, Sunyer J, Torralba Y, Borrell A, et al. 2005. Asthma,
chronic bronchitis, and exposure to irritant agents in occupational domestic cleaning: a nested

case-control study. Occup Environ Med 62:598-606.

Mizukoshi A, Kumagai K, Yamamoto N, Noguchi M, Yoshiuchi K, Kumano H, et al. 2010. A
novel methodology to evaluate health impacts caused by VOC exposures using real-time VOC

and Holter monitors. Int J Environ Res Public Health 7:4127—-4138.

Nielsen J, Bach E. 1999. Work-related eye symptoms and respiratory symptoms in female
cleaners. Occup Med 49:291-297.

Pope CA 1III, Burnett RT, Thurston GD, Thun MJ, Calle EE, Krewski D, et al. 2004.
Cardiovascular mortality and long-term exposure to particulate air pollution: epidemiological

evidence of general pathophysiological pathways of disease. Circulation 109:71-77.

Rosenman KD, Reilly MJ, Schill DP, Valiante D, Flattery J, Harrison R, et al. 2003. Cleaning
products and work-related asthma. J Occup Environ Med 45:556-563.

Scheiner, SM 2001. MANOVA: multiple response variables and multispecies interactions.
Design and Analysis of Ecological Experiments 2nd ed. (eds Scheiner & Gurevitch) Oxford
Univ. Press, Oxford.

Sinden NJ, Stockley RA. 2010. Systemic inflammation and comorbidity in COPD: a result of

'overspill' of inflammatory mediators from the lungs? Review of the evidence.

Thorax 65:930-936.

22



Page 23 of 28

Singer BC, Destaillats H, Hodgson AT, Nazaroff WW. 2006. Cleaning products and air
fresheners: emissions and resulting concentrations of glycol ethers and terpenoids. Indoor Air

16:179-191.

Singh JP, Larson MG, Tsuji H, Evans JC, O'Donnell CJ, Levy D. 1998. Reduced heart rate
variability and new-onset hypertension: insights into pathogenesis of hypertension: the

Framingham Heart Study. Hypertension 32:293-297.

Stein PK, Nelson P, Rottman JN, Howard D, Ward SM, Kleiger RE, et al. 1998. Heart rate
variability reflects severity of COPD in PiZ alphal-antitrypsin deficiency. Chest 113:327-333.

Task Force of the European Society of Cardiology: the North American Society of
Pacing:Electrophysiology. 1996. Heart rate variability: standards of measurement, physiological

interpretation and clinical use. Circulation 93:1043—-1065.
Theophanides M, Anastassopoulou J, Vasilakos C, Maggos T, Theophanides T. 2007.

Mortality and pollution in several Greek cities. J Environ Sci Health A Tox Hazard Subst
Environ Eng 42:741-746.

Tsai DH, Wang JL, Chuang KJ, Chan CC. 2010. Traffic-related air pollution and cardiovascular
mortality in central Taiwan. Sci Total Environ 408:1818-23.

Tsuji H, Larson MG, Venditti FJ Jr, Manders ES, Evans JC, Feldman CL, Levy D. 1996. Impact
of reduced heart rate variability on risk for cardiac events. The Framingham Heart Study.

Circulation 94:2850-2855.

Utell MJ, Frampton MW, Zareba W, Devlin RB, Cascio WE. 2002. Cardiovascular effects
associated with air pollution: potential mechanisms and methods of testing. Inhal Toxicol

14:1231-1247.

Volterrani M, Scalvini S, Mazzuero G, Lanfranchi P, Colombo R, Clark AL, et al. 1994,
Decreased heart rate variability in patients with chronic obstructive pulmonary disease. Chest

106:1432-1437.

23



Page 24 of 28

Wolkoff P, Schneider T, Kildese J, Degerth R, Jaroszewski M, Schunk H. 1998. Risk in

cleaning: chemical and physical exposure. Sci Total Environ 215:135-56.

Zock JP, Kogevinas M, Sunyer J, Almar E, Muniozguren N, Payo F, et al. 2001. Asthma risk,
cleaning activities and use of specific cleaning products among Spanish indoor cleaners. Scand J

Work Environ Health 27:76-78.

Zock JP, Plana E, Jarvis D, Anté JM, Kromhout H, Kennedy SM, et al. 2007. The use of
household cleaning sprays and adult asthma: an international longitudinal study. Am J Respir

Crit Care Med 176:735-741.

Zota AR, Aschengrau A, Rudel RA, Brody JG. 2010. Self-reported chemicals exposure, beliefs
about disease causation, and risk of breast cancer in the Cape Cod Breast Cancer and

Environment Study: a case-control study. Environ Health 9:40.

24



Page 25 of 28

Table 1 Characteristics of participants who reported cleaning in their homes (n=581)
Used spray or scented Did not use spray or
Variables products (n=515) scented products (n=66) p-value”

Age, yrs, median (IQR) 59.8 (54.6, 65.6) 60.4 (56.1, 68.0) 0.38
Male, (%) 50 (9.7) 9 (13.6) 0.32
BMI, kg/m?, median (IQR) 26.0 (22.9, 28.9) 24.6 (22.8,27.4) 0.12
Smoking status, n (%)
Never 272 (52.8) 44 (66.7) 0.04
Former 159 (30.9) 15 (22.7) 0.20
Current 84 (16.3) 7 (10.6) 0.28
ETS exposure, hours/day, n (%)
0 415 (80.6) 56 (84.9) 0.50
<3 68 (13.2) 7 (10.6) 0.70
>3 32 (6.2) 3(4.5) 0.79
Alcohol consumption, drinks/day, n (%)
<1 339 (65.8) 45 (68.2) 0.78
>1 176 (34.2) 21 (31.8)
Physical activity, hours/week, n (%)
<0.5 235 (45.7) 34 (51.5) 0.43
0.5-2.0 183 (35.5) 17 (25.8) 0.13
>2.0 97 (18.8) 15 (22.7) 0.51
Uric acid, micromol/l, median (IQR) 289 (243, 337) 293 (243, 367) 0.22
Employment status, n (%)
Full/partially employed, in military, or
student 76 (14.8) 9 (13.6) 1.00
Housewife/husband 218 (42.3) 27 (40.9) 0.89
Retired, unemployed, sick/disabled, or
other 221 (42.9) 30 (44.5) 0.69
Tertiary education level, n (%)
Low 60 (11.7) 8 (12.1) 0.84
Medium 360 (69.9) 47 (71.2) 0.89
High 95 (18.5) 11 (16.7) 0.87
Taking cardiovascular medication, n (%) 125 (24.3) 11 (16.7) 0.22
Symptoms and markers of obstructive
lung disease®, n (%) 212 (54.5) 34 (59.7) 0.32

* P-values are based on Chi-square and two-sample comparison tests for categorical variables and continuous variables, respectively.
® Percentages are expressed relative to 404 exposed and 57 unexposed participants who completed pre-bronchodilator spirometry and did not
report ever having asthma or taking respiratory medication.
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FIGURE LEGENDS

Figure 1: Adjusted average percent changes in 24-hour SDNN, TP, LF, and HF in association
with use of cleaning sprays, air freshening sprays, scented products, and with number of sprays
used weekly. 24-hr SDNN, TP, LF, and HF were modeled on the logarithmic scale in multiple
linear regression as a function of each exposure in separate models and then transformed into
average percent change relative to unexposed participants (n=66), after adjustment for gender,
age, age’, BMI, BMI?, alcohol consumption, physical activity, smoking status, environmental
tobacco smoke exposure, education, employment status, cardiovascular medication intake, uric
acid levels, street and railway noise, traffic-related PM,, seasonal effects and study area. :
Ordinal exposure variable p<0.05. © Ordinal exposure variable p<0.10.

Figure 2: Adjusted average percent changes in 24-hour SDNN, TP, LF, and HF in association
with use of cleaning sprays, air freshening sprays, scented products, and with number of sprays
used weekly after stratification by obstructive lung disease (OBS).

24-hr SDNN, TP, LF, and HF were modeled on the logarithmic scale in multiple linear
regression as a function of each exposure in separate models and then transformed into average
percent change relative to unexposed participants (n=34, OBS; n=23, no OBS), after adjustment
for obstructive lung disease, gender, age, age®, BMI, BMI?, alcohol consumption, physical
activity, smoking status, environmental tobacco smoke exposure, education, employment status,
cardiovascular medication intake, uric acid levels, street and railway noise, traffic-related PM,
seasonal effects and study area. Participants who reported doctor-diagnosed asthma or asthma

medication use were excluded from this analysis.
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Figure 1: Adjusted average percent changes in 24-hour SDNN, TP, LF, and HF in association with use of
cleaning sprays, air freshening sprays, scented products, and with number of sprays used weekly. 24-hr
SDNN, TP, LF, and HF were modeled on the logarithmic scale in multiple linear regression as a function of
each exposure in separate models and then transformed into average percent change relative to unexposed
participants (n=66), after adjustment for gender, age, age2, BMI, BMI2, alcohol consumption, physical
activity, smoking status, environmental tobacco smoke exposure, education, employment status,
cardiovascular medication intake, uric acid levels, street and railway noise, traffic-related PM10, seasonal
effects and study area. * Ordinal exposure variable p<0.05. T Ordinal exposure variable p<0.10.
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Figure 2: Adjusted average percent changes in 24-hour SDNN, TP, LF, and HF in association with use of
cleaning sprays, air freshening sprays, scented products, and with number of sprays used weekly after
stratification by obstructive lung disease (OBS).

24-hr SDNN, TP, LF, and HF were modeled on the logarithmic scale in multiple linear regression as a
function of each exposure in separate models and then transformed into average percent change relative to
unexposed participants (n=34, OBS; n=23, no OBS), after adjustment for obstructive lung disease, gender,
age, age2, BMI, BMI2, alcohol consumption, physical activity, smoking status, environmental tobacco smoke

exposure, education, employment status, cardiovascular medication intake, uric acid levels, street and

railway noise, traffic-related PM10, seasonal effects and study area. Participants who reported doctor-

diagnosed asthma or asthma medication use were excluded from this analysis.
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