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ABSTRACT

Objectives To investigate the association between
occupational exposure to disinfectants/antiseptics used
for hand hygiene and asthma control in nurses.
Methods In 2014, we invited female nurses with
asthma drawn from the Nurses' Health Study Il to
complete two supplemental questionnaires on their
occupation and asthma (cross-sectional study, response
rate: 80%). Among 4055 nurses (mean age: 59

years) with physician-diagnosed asthma and asthma
medication use in the past year, we examined asthma
control, as defined by the Asthma Control Test (ACT).
Nurses were asked about the daily frequency of hand
hygiene tasks: ‘wash/scrub hands with disinfectants/
hand sanitizers' (hand hygiene) and ‘wash/scrub arms
with disinfecting products’ (surrogate of surgical hand/
arm antisepsis). Analyses were adjusted for age, race,
ethnicity, smoking status and body mass index.
Results Nurses with partly controlled asthma (ACT:
20-24, 50%) and poorly controlled asthma (ACT <19,
18%) were compared with nurses with controlled
asthma (ACT=25, 32%). In separate models, both hand
and arm hygiene were associated with poorly controlled
asthma. After mutual adjustment, only arm hygiene was
associated with poorly controlled asthma: OR (95% Cl)
for <1time/day, 1.38 (1.06 to 1.80); =1time/day, 1.96
(1.52 to 2.51), versus never. We observed a consistent
dose—response relationship between frequency of arm
hygiene tasks (never to >10times/day) and poor asthma
control. Associations persisted after further adjustment
for surfaces/instruments disinfection tasks.
Conclusions Frequency of hand/arm hygiene tasks

in nurses was associated with poor asthma control.

The results suggest an adverse effect of products used
for surgical hand/arm antisepsis. This potential new
occupational risk factor for asthma warrants further
study.

INTRODUCTION
Healthcare workers have an increased risk of
asthma, partly attributed to exposure to cleaning
products and disinfectants.’ > Exposure to several
agents used for cleaning/disinfection of surfaces
and medical instruments (eg, bleach, hydrogen
peroxide, aldehydes and quaternary ammonium
compounds) has been associated with increased risk
of asthma and poor asthma control.'”

Hand hygiene practices in healthcare workers
also involve chemical exposures. In hospitals,
employees wash their hands 5-30 times per shift.*

Key messages

What is already known about this subject?

» Healthcare workers have an increased risk of
asthma, partly attributed to agents used for
cleaning/disinfection of surfaces and medical
instruments.

» However, little is known regarding the potential
respiratory risks associated with disinfectants/
antiseptics used for hand hygiene.

What are the new findings?

» In a cross-sectional study of more than 4000 US
nurses with asthma, we found that frequency
of hand and arm hygiene tasks was associated
with poor asthma control.

» The results suggest an adverse effect of
products used for surgical hand/arm antisepsis.

How might this impact on policy or clinical

practice in the foreseeable future?

» If our findings are confirmed, some hand/
arm hygiene tasks and the identified hygiene
products would need to be added to current
strategies of occupational illness prevention
among healthcare workers.

Products used for hand hygiene in US healthcare are
most often alcohol-based solutions.* * For surgical
personnel, hand antisepsis further involves washing/
scrubbing their hands and forearms with water-
based or alcohol-based preparations generally
containing chlorhexidine or povidone iodine.* ¢’

The irritant and allergenic properties of antiseptic
agents have been well examined in relation to skin
disorders.® In contrast, little is known regarding
the potential respiratory risks associated with hand
hygiene practices among healthcare workers. To
address this question, we aimed to study the asso-
ciation between occupational exposures related to
hand hygiene practices and asthma control in a
large cohort of US female nurses.

METHODS

The Nurses” Health Study II (NHSII) began in
1989 with the inclusion of 116430 female regis-
tered nurses from 15 US states, aged 25-44 years.
Follow-up questionnaires have been sent every
2 years since. In 2014-2015, all nurses who ever
reported physician-diagnosed asthma in biennial
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questionnaires (1991-2015) and who recently returned a bien-
nial questionnaire (2013 or 2015) were invited to complete
two questionnaires, on their current occupation and on asthma
(response rate: 809%). Details of data collection have been
published elsewhere.” .

Based on the asthma questionnaire, we selected participants
who reiterated that a physician had diagnosed her as having
asthma, and who reported use of asthma medication in the past
year (asthma case definition). Asthma control was defined by
the Asthma Control Test (ACT), based on activity limitations,
frequency of symptoms and frequency of use of quick-relief
medication in the past 4 weeks.®

In the occupational questionnaire, nurses were asked about
the daily frequency of hand/arm hygiene tasks involving disinfec-
tants (ie, nurses were specifically asked 7ot to include tasks only
involving use of soap): ‘In your current job, how many times per
day, on average, do you ...”: ‘wash/scrub your hands with disin-
fectants or hand sanitizers’ (later referred to as ‘hand hygiene’),
to evaluate frequency of hand hygiene tasks; and ‘wash/scrub
your arms with disinfecting products’ (later referred to as ‘arm
hygiene’), a surrogate to evaluate frequency of surgical hand/arm
antisepsis.* Exposure to other disinfectants, that is, used to clean
surfaces/instruments, was evaluated by questionnaire and by a
job-task-exposure matrix (JTEM).”

Associations between the frequency of hand and arm hygiene
and asthma control were evaluated by multinomial logistic
regressions adjusted for age, race, ethnicity, smoking status and
body mass index (BMI). Observations with missing values for
covariates (all <1%) were excluded from multivariable anal-
yses. Separate models were first used for each of the exposures
of interest (hand/armhygiene); then the two variables were
entered in the same model for mutual adjustment. Additional
models were further adjusted for exposure to disinfectants to
clean surfaces/instruments. A two-sided P<0.05 was considered
statistically significant. Analyses were run using SAS V.9 (SAS
Institute, Cary, North Carolina, USA).

RESULTS

Among 4237 nurses who returned both questionnaires on
asthma and occupation, and who met our asthma case defini-
tion, participants with missing data for ACT (n=135) or for
hand and arm hygiene tasks (n=47) were excluded. This yielded
an analytic sample of 4055 women. Participants were on average
59 years of age, 94% were white, 2% were Hispanic, 42% were
obese (BMI =30kg/m?), 4% were current smokers and 29%
were ex-smokers.

Reported frequency of hand hygiene tasks (never, 15%;
<1 time/day, 4%; 1-3 times/day, 11%; 4-10 times/day, 24% and
>10times/day, 46%—n=4031) was higher than frequency of arm
hygiene (never, 62%; <1time/day, 17%; 1-3 times/day, 12%;
4-10 times/day, 5% and >10times/day, 4%—n=4006). Thus,
different cut-offs were chosen to classify exposure variables into
three categories for hand hygiene (never, 15%; <10 times/day,
39% and >10times/day, 46%) and arm hygiene (never, 62%;
<1time/day, 17% and =1 time/day, 21%). Among nurses who
reported arm hygiene tasks =1time/day, 78% reported hand
hygiene tasks >10 times/day; among those who reported hand
hygiene >10times/day, 35% reported arm hygiene =1 time/day
(online supplementary table E1).

In main analyses, nurses with partly controlled asthma (ACT
20-24, 50%) and poorly controlled asthma (ACT <19, 18%)
were compared with nurses with controlled asthma (ACT=25,
32%). When using separate models for the two exposure
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Figure 1  Associations of hand and arm hygiene with asthma control:

(A) separate models for hand and arm hygiene; (B) separate models for
hand and arm hygiene, with adjustment for self-reported weekly use of
disinfectants to clean surfaces/instruments (no, surfaces only, instruments)
and (C) hand and arm hygiene entered in the same model for mutual
adjustment. Multinomial logistic regressions, adjusted for age, smoking
status in 2013, body mass index in 2013, race and ethnicity. The results are
presented as OR and 95% Cls (lines). Reference category was ‘never’ for
hand/arm hygiene and 'controlled asthma’ for asthma control.

variables, both hand hygiene (>10 times/dayvs never) and arm
hygiene (=1time/dayvs never) were associated with partly and
poorly controlled asthma (figure 1A). The results were consis-
tent when examining more detailed categories of asthma control
(online supplementary table E2). Moreover, similar associations
persisted after further adjustment for other disinfection tasks:
self-reported use of disinfectants to clean surfaces or medical
instruments (figure 1B; and online supplementary table E3) or
exposure to specific disinfectants evaluated by a JTEM (online
supplementary table E4).

However, after mutual adjustment (figure 1C), only arm
hygiene was associated with poorly controlled asthma: OR
(95% CI) for <1time/day versus never, 1.38 (1.06 to 1.80);
and for =1time/day versus never, 1.96 (1.52 to 2.51). Further-
more, among nurses who reported never doing arm hygiene
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tasks (n=2443), no association was observed between hand
hygiene and poor asthma control (>10 times/day versus never,
1.10 (0.79 to 1.53)). In contrast, among nurses who reported
infrequent hand hygiene (never or <10 times/day, n=2119),
arm hygiene was associated with poorly controlled asthma
(=1time/day versus never, 2.59 (1.65 to 4.07)). Finally, when
examining exposure frequency using more detailed categories
(online supplementary figure E1), we observed a consistent
dose-response relationship between frequency of arm hygiene
tasks (never to >10times/day) and poor asthma control. This
clear trend was not observed for hand hygiene.

The findings were confirmed for arm hygiene in sensitivity
analyses using a more stringent asthma definition based on
medication (online supplementary figure E2) and in models with
further adjustment for nursing job types, household income or
husband’s education (not shown). Moreover, the associations
between hand and arm hygiene and poor asthma control were
similar in participants with or without allergy (defined by report
of ever having had hay fever, seasonal allergy or allergic rhinitis;
for hand hygiene: 0.32; for arm hygiene: 0.29).

pin[eracrion

DISCUSSION

In a study of 4055 nurses with asthma, increased frequency of
hand/arm hygiene tasks was associated with poor asthma control.
The strongest evidence was found for an association between
arm hygiene, a surrogate of surgical hand/arm antisepsis, and
poor asthma control. This association remained statistically
significant after adjustment for other disinfectant exposures and
general hand hygiene tasks. It was further supported by a clear
dose-response relationship across categories of arm hygiene
tasks frequency.

To our knowledge, we are the first to report an association
between hand hygiene tasks and adverse respiratory outcomes in
healthcare workers. We used a validated asthma definition in this
large population of nurses,'’ and a standardised, validated and
commonly used measure of asthma control (ACT) which inte-
grates several domains of the disease (symptoms, use of rescue
therapy, sleep disorders and activity limitations).® The main
exposures of interest were evaluated by questionnaire. To reduce
potential misclassification bias, we asked about frequency of
hand hygiene tasks rather than use of specific agents (eg, chlor-
hexidine), which may not be known by the nurses. Nonetheless,
our results may be subject to differential misclassification bias (ie,
differential recall of exposure according to asthma control'').
Although such bias cannot be completely ruled out, it would
probably affect both exposures of interest similarly and lead to
spurious associations for both hand and arm hygiene; however,
after mutual adjustment, only frequency of arm hygiene was
associated with poor asthma control. This pattern of associations
is consistent with the hypothesis of an effect of agents specifically
used for surgical hand/arm antisepsis, rather than regular hand
hygiene products (alcohols). Latex exposure may be a cause of
occupational asthma in healthcare workers. However, preven-
tive efforts in the past decade, such as reduction in the use of
powdered latex gloves, have led to a reduction of occupational
asthma cases due to latex.'? As reported earlier,’ the use of latex
gloves was not associated with poor asthma control in NHSII
nurses and is unlikely a confounder in the current study.

Limitations of the current study include its cross-sectional
design and the absence of information regarding the specific
agents used for hand/arm hygiene tasks or test for sensitisation
to workplace agents. We are thus limited in drawing conclu-
sions regarding potential agent(s) responsible for the observed

association. However, chlorhexidine and povidone iodine
are currently the agents the most commonly used for surgical
hand/arm antisepsis.” Moreover, in a survey of a sample of the
hospitals where NHSII nurses work, a chlorhexidine solution
was used for surgical hand/arm antisepsis in seven out of eight
hospitals surveyed."® Chlorhexidine is a skin sensitiser® and cases
of occupational asthma or occupational airway allergy due to
chlorhexidine have been reported in nurses.'* Povidone iodine
also has been involved in skin allergies, although such cases are
thought to be rare.® Beside allergenic potential, chlorhexidine
and povidone iodine have well-documented skin irritation prop-
erties® and may also cause airway irritation.'> Thus, mechanisms
for a potential impact of antiseptic agents on respiratory health
may include both sensitisation and irritation, either through the
dermal or inhalation route of exposure.'®

In conclusion, increased frequency of hand and arm hygiene
tasks in nurses was associated with poor asthma control. The
results suggest a role of products used for surgical hand/arm
antisepsis, but not of common hand hygiene tasks. The poten-
tial respiratory risks of products used for hand hygiene merit
further investigation, to confirm our results and to clarify the
putative agents and mechanisms. If our findings are confirmed,
hand hygiene tasks (and the identified hygiene products) would
need to be added to current strategies of occupational illness
prevention among healthcare workers, which may require the
development of new approaches to maintain infection control
standards in healthcare settings.'”
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Table E1. Characteristics of the participants according to frequency of hand and arm hygiene tasks

Hand hygiene Arm hygiene
(n=4,031) (n=4,006)
Never . =10 . >10 Never . <1 . =
times/day  times/day time/day times/day
% 15 39 46 62 17 21
59.0 58.8 58.4

Age, m (sd) (4.5) 59.0(4.3) 58.3(4.2) (4.4) (4.2) 58.4 (4.3)
Race (non white), % 5 5 7 5 6 6
Ethnicity (Hispanic), % 3 2 2 2 2 2
Smoking status, %

Never smoker 68 67 67 68 68 64

Ex-smoker 29 30 29 29 28 31

Current smoker 3 3 4 3 4 5
BMI, %

<25 kg/m2 31 28 28 29 30 23

25-29.9 kg/m2 28 31 29 30 30 29

> 30 kg/m2 41 41 43 41 40 48
Hand hygiene, %

Never - - - 24 1 0

<10 times/day - - - 45 38 22

>10 times/day - - - 31 61 78
Arm hygiene, %

Never 98 71 42 - - -

<1 time/day 1 17 23 - - -

>1 times/day 0 12 35 - - -
Surface and/or instruments
disinfection*, %

None 74 64 32 60 44 27

Surface only 17 26 39 27 37 36

Instruments 9 10 29 13 19 37
Job typet, %

ER 1 1 4 2 3 5

OR 1 4 7 2 6 12

ICU 0 1 9 2 4 12

Other inpatient nurse 4 7 21 10 17 21

Nurgn_g in gducatlon or 97 26 10 99 16 9

administration

Outpatient or community 30 28 27 31 28 19

Other hospital nursing 6 10 11 10 10 10

Nursing outside hospital 29 22 11 21 17 12

BMI — Body Mass Index; ER - emergency room; ICU - intensive care unit; OR - operating room. * Self-
reported weekly use of disinfectants to clean surfaces/instruments. 1 Evaluated by questionnaire
(“Which best describes your current employment status?”’)



Table E2. Associations of hand and arm hygiene with asthma control, using more detailed categories of asthma control

Partly controlled asthma Poorly controlled asthma Very poorly controlled asthma Ptrend
(ACT=20-24) (ACT=16-19) (ACT<I15)
OR (95% ClI) OR (95% CI) OR (95% CI)
Hand hygiene (n=3,989)
Never 1 1 1
<10 times/day 1.22 (0.99-1.50) 1.32 (0.96-1.82) 1.96 (1.21-3.18) 0.005
>10 times/day 1.27 (1.04-1.56) 1.22 (0.89-1.67) 2.28 (1.42-3.66) 0.002
Arm hygiene (n=3,965)
Never 1 1 1
<1 time/day 1.18 (0.97-1.43) 1.37 (1.03-1.82) 1.52 (1.05-2.21) 0.007
>1 times/day 1.21 (1.01-1.46) 1.69 (1.30-2.19) 2.47 (1.80-3.37) <0.001

ACT, Asthma Control Test score. * Reference category: Controlled asthma (Asthma Control Test score = 25). All models were adjusted for age, smoking status in 2013, body
mass index in 2013, race and ethnicity. Separate models were used for hand and arm hygiene. Observations with missing values for covariates (smoking status, body mass
index, exposure to surface/instrument disinfectants: all <1%) were excluded from multivariable analyses.



Table E3. Associations of hand and arm hygiene with asthma control, with further adjustment for self-reported use of surface and/or instrument disinfectants

Partly controlled asthma

(ACT=20-24)

Poorly controlled asthma

(ACT=16-19)

Very poorly controlled asthma

(ACT<I5)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Ptrend

Model 1+, n=3,966

Hand hygiene
Never
<10 times/day
>10 times/day

Surface and/or instruments

None
Surface only
Instruments

Model 23, n=3,942

Arm hygiene
Never
<1 time/day
>1 times/day

Surface and/or instruments

None
Surface only
Instruments

1
1.21 (0.98-1.50)
1.23 (0.99-1.53)

1
1.02 (0.86-1.21)
1.13 (0.92-1.39)

1
1.19 (0.98-1.45)
1.18 (0.97-1.44)

1
1.01 (0.86-1.19)
1.12 (0.91-1.34)

1
1.37 (0.99-1.89)
1.22 (0.87-1.71)

1
0.83 (0.64-1.08)
1.26 (0.94-1.70)

1
1.43 (1.07-1.92)
1.72 (1.31-2.27)

1
0.77 (0.60-0.99)
1.08 (0.81-1.45)

1
1.93 (1.19-3.14)
2.06 (1.27-3.37)

1
0.92 (0.66-1.29)
1.63 (1.14-2.35)

1
1.54 (1.05-2.24)
2.31 (1.66-3.21)

1
0.88 (0.63-1.22)
1.41 (0.99-2.02)

0.004
0.01

0.38
0.01

0.004
<0.001

0.17
0.09

ACT, Asthma Control Test score. * Reference category: Controlled asthma (Asthma Control Test score = 25). All models were adjusted for age, smoking status in 2013, body
mass index in 2013, race and ethnicity. TModel 1 including hand hygiene and self-reported weekly use of disinfectants to clean surfaces/instruments. $Model 2 including arm
hygiene and self-reported weekly use of disinfectants to clean surfaces/instruments. Observations with missing values for covariates (smoking status, body mass index,

exposure to surface/instrument disinfectants: all <1%) were excluded from multivariable analyses.



Table E4. Associations of hand and arm hygiene with asthma control, with further adjustment for exposure to specific products evaluated by a job-task-exposure matrix

Partly controlled asthma Poorly controlled asthma Very poorly controlled asthma Ptrend
(ACT=20-24) (ACT=16-19) (ACT<15)
OR (95% CI) OR (95% CI) OR (95% CI)
Model 1}, n=3,966
Hand hygiene
Never 1 1 1
<10 times/day 1.22 (0.99-1.51) 1.35 (0.98-1.87) 1.89 (1.17-3.07) 0.004
>10 times/day 1.26 (1.01-1.55) 1.19 (0.86-1.65) 1.97 (1.21-3.20) 0.01
JTEM exposure combinations
No high level exposure 1 1 1
ﬁ)' high exposure level to bleach or 0.87 (0.70-1.08) 0.91 (0.65-1.26) 1.08 (0.71-1.65) 0.62
ydrogen peroxide
2): high exposure level to
formaldehyde or glutaraldehyde 0.96 (0.75-1.22) 0.90 (0.62-1.31) 0.99 (0.61-1.62) 0.67
3):1) +2) 1.09 (0.82-1.45) 1.14 (0.75-1.74) 1.63 (1.01-2.64) 0.11
4): 1) + 2) + high exposure level to 1.07 (0.86-1.34) 1.32 (0.96-1.82) 1.78 (1.21-2.62) 0.01
enzymatic cleaners§
Model 2, n=3,942
Arm hygiene
Never 1 1 1
<1 time/day 1.20 (0.99-1.46) 1.41 (1.06-1.89) 1.50 (1.03-1.46) 0.005
>1 times/day 1.20 (0.98-1.46) 1.69 (1.28-2.23) 2.23 (1.60-3.11) <0.001
JTEM exposure combinations
No high level exposure 1 1 1
ﬁ)- high expasure level to bleach or 0.85 (0.69-1.06) 0.86 (0.62-1.19) 1.04 (0.68-1.57) 0.43
ydrogen peroxide
2): high exposure level to
formaldehyde or glutaraldehyde 0.96 (0.75-1.22) 0.85(0.58-1.23) 0.97 (0.60-1.58) 0.53
3):1)+2) 1.06 (0.80-1.40) 0.95 (0.62-1.42) 1.29 (0.80-2.09) 0.56
4):1) +2) + high exposure level to 1.06 (0.85-1.33) 1.16 (0.84-1.60) 157 (1.07-2.31) 0.07

enzymatic cleaners§

ACT, Asthma Control Test score; JTEM, job-task-exposure matrix. * Reference category: Controlled asthma (Asthma Control Test score = 25). All models were adjusted for
age, smoking status in 2013, body mass index in 2013, race and ethnicity. TModel 1 including hand hygiene and exposure to combinations of specific disinfectants/cleaning
products evaluated by the JTEM. $Model 2 including arm hygiene and exposure to combinations of specific disinfectants/cleaning products evaluated by the JTEM.
Observations with missing values for covariates (smoking status, body mass index, exposure to surface/instrument disinfectants: all <1%) were excluded from multivariable
analyses.
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Figure E1. Associations of hand and arm hygiene with poor asthma control (vs. controlled) using detailed categories of hand and arm hygiene

tasks frequency to examine dose-response relationships.
Multinomial logistic regressions, adjusted for age, smoking status in 2013, body mass index in 2013, race and ethnicity. Reference category for

hand and arm hygiene: “never”.
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Figure E2. Associations of hand and arm hygiene with asthma control using a more stringent asthma definition.

Asthma definition: in addition to asthma case definition used in main analyses, participants had to report use of a prescribed long-term preventive
medication (ie, inhaled corticosteroids, cromolyn sodium, nedocromil, salmeterol, theophylline) in the past year. Hand and arm hygiene were
entered in the same model for mutual adjustment. Multinomial logistic regressions, adjusted for age, smoking status in 2013, body mass index in
2013, race and ethnicity. Reference category was “never” for hand/arm hygiene and “controlled asthma” for asthma control.
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