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ORIGINAL ARTICLE

Work exposure and associated risk of hospitalisation with
pneumonia and influenza: A nationwide study

LAUGE OSTERGAARD!"2¥, RIKKE NORMARK MORTENSEN?,
KRISTIAN KRAGHOLM?, MICHAEL DALAGER-PEDERSEN*, KRISTOFFER KOCH?4,
LARS KOBER!, CHRISTIAN TORP-PEDERSEN? & EMIL FOSBOL!

1The Heart Centre, Rigshospitalet, Denmark, 2Department of Clinical Epidemiology and Department of Cardiology,
University of Aalborg, Denmark, 3Epidemiology and Biostatistics, Aalborg University Hospital, Denmark, and
*Department of Infectious Diseases, Aalborg University Hospital, Denmark

Abstract

Background: Pneumonia and influenza are major health concerns and constitute a high economic burden. However, few data
are available on the associated risk of pneumonia and influenza and work exposure on a large population scale. Aim: This
study aimed to examine the associated risk of pneumonia and influenza by type of work exposure. Methods: By cross-linking
administrative Danish registries, we classified people in 10 different profession types. The main outcome was hospitalisation
with pneumonia or influenza. A multivariable Poisson regression analysis was used to assess the associated incidence rate
ratio (IRR) of being hospitalised with pneumonia or influenza by type of profession. Results: A total of 1,327,606 people
added risk time to the analyses. In a multivariable model, work in day care, public transportation, sewers and nursing
home care was associated with an increased risk of hospitalisation with pneumonia compared to work within public
administration: IRR=1.20 (95% confidence interval (CI) 1.12-1.28), IRR=1.21 (95% CI 1.09-1.34), IRR=1.61 (95%
CI 1.19-2.19) and IRR=1.10 (95% CI 1.03-1.18), respectively. In a multivariable analysis, people working within public
transportation were associated with an increased risk of hospitalisation with influenza compared to people working within
public administration: IRR=2.54 (95% CI 1.79-3.58). Conclusions: Working in day care, public transportation,
sewers and nursing home care increased the associated risk of hospitalisation with pneumonia, and working
within public transportation increased the associated risk of being hospitalised with influenza compared to
working within public administration.

Keywords: Preumonia, influenza, work exposure, population-based study

Introduction

Pneumonia and influenza are major health concerns.
Pneumonia has been estimated to cost €10.1 billion
in Europe, and the cost of lost work days has been
estimated to be €3.6 billion annually, while the
cost of influenza has been estimated at US$19,800
million [1-3]. Preventive means are necessary in
order to lower this health concern and economic bur-
den. However, before preventive means can be con-
stituted, the magnitude of the problem of pneumonia
and influenza by type of profession needs to be fur-
ther assessed. The length of the average working week

in Europe is 40.3 hours, constituting a potential risk
period for contracting respiratory tract infections [4].
Prior studies have identified an increased risk of
influenza in manual workers, janitors and cleaners,
and secretaries. However, no studies have been able
to investigate this on a large scale [5,6]. Other studies
have investigated the social contact patterns and
related this to an increased risk of influenza [7,8]. It
is known from prior studies that living in a household
of more than 10 people and living with children
increase the risk of community-acquired pneumonia
[9]. However, little is known about the associated risk
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of pneumonia and influenza for professions with
many person contacts and professions working with
children. Such knowledge can help us in the guid-
ance of preventive and prophylactic means. We
hypothesised that professions which typically include
working with children and with direct person-to-per-
son contact would be associated with an increased
rate of pneumonia and influenza, as case-control
studies have identified these as factors associated
with an increased risk of pneumonia and influenza
[10-12]. We set forth to investigate the associated
risk of being hospitalised with pneumonia or influ-
enza by type of profession.

Methods
Data sources

In Denmark, every Danish citizen is provided with a
unique identifier, which makes it possible to cross-
link different nationwide registries [13]. Linkages
between registries have no mismatches. In this study,
we acquired data from six registries. The first registry
was the Danish Welfare Registry, which is maintained
by the Danish Ministry of Occupation. This registry
was established in 1991, and since 2008, it has regis-
tered profession type on a monthly basis for every
Danish citizen who previously received financial sup-
port from the government. The registry includes
around five million people for the period from 1991
onwards, and the estimated number of inhabitants in
Denmark was around 5.7 million in 2016 [14,15].
The Danish welfare system provides financial sup-
port for students, people on maternity leave, people
without employment, sickness benefit for illness last-
ing more than two weeks, childcare benefit and so on.
The second registry used in this study was the
National Patient Registry, which holds information
on all hospitalisations in Denmark based on the
International Classification of Diseases (ICD) from
discharge papers. The registry covers inpatient visits
since 1977, and from 1995, outpatient visit have
been registered. This registry was used to identify the
primary outcome (influenza and pneumonia) and
co-morbidities of interest (see Supplemental Table SI
for codes used), and has been described in detail pre-
viously [16]. The third registry used was the Cause of
Death Registry, providing information on the date of
death. The fourth registry was the Civil Registration
System [13], and the fifth was the Danish Prescription
Registry, which was used to define diabetes mellitus
as any prescription filled on glucose-lowering medi-
cation six months prior to index (see Supplemental
Table SI for codes used) [17]. Finally, the Register of
Preventive Measures was used to assess if people
were considered as living alone [18].This register has

been updated at the beginning of every new calendar
year since 1986. The Register of Preventive Measures
is based on two main parts, describing (a) socio-eco-
nomic data on the Danish population and (b) health-
care services not provided from hospitals.

Study population

The study period was from 1 January 2008 to 31
December 2016. We used the Danish Population
Registry to identify the study population of people
who were 25—60 years of age at the start of the study
period.

Exposure

According to categorisation of profession types from
the Danish Ministry of Occupation [19], we identi-
fied five professions with a low level of person-to-
person contact and no work with children: the metal
industry, farming and gardening, sewers, public
administration and garbage and recycling. We also
identified five professions with a higher rate of per-
son-to-person contact, as well as professions that
include working with children: day care, health-care
workers, nursing home care, public schools and pub-
lic transportation. Health-care workers were defined
as people working in hospitals, general practitioners,
consultants with private practice, physiotherapists
and dentists.

Outcome

The primary outcome of this study was hospitalisa-
tion with pneumonia or influenza assessed through
the Danish National Patient Registry, which includes
information on diagnosis codes according to the 10th
edition of the ICD since 1994. We included only in-
hospital, primary or secondary diagnosis codes (JO9—
J18) in the primary analysis. ICD-10 codes J12-18
have been validated in a cohort of cancer patients in
the National Patient Registry, with a positive predic-
tive value of 93% [20].

Covariates

Co-morbidities (myocardial infarction, cancer, renal
disease, peripheral vascular disease, heart failure,
chronic obstructive pulmonary disease, rheumatic
disease and atrial fibrillation) were assessed from the
National Patient Registry as an inpatient or outpa-
tient visit with a primary or secondary diagnosis.
Glucose-lowering medication was assessed from the
Prescription Registry. Sex and age were assessed
from the Population Registry.



Statistics

Study subjects were followed from the start of the
study (1 January 2008) or the date of their 25th
birthday until death, emigration, first date of hospi-
talisation with pneumonia or influenza or end of the
study period, whichever came first. Only the first
hospitalisation of pneumonia or influenza was
assessed, and follow-up time was ended at the date of
first admission. Risk time in each type of profession
was computed for the total study population. Further,
risk time for every co-morbidity (chronic obstructive
pulmonary disease, peripheral vascular disease, heart
failure, atrial fibrillation, rheumatic disease, cancer,
diabetes and renal disease), age group (five-year
intervals), living alone and calendar year were deter-
mined. The incidence rate of hospitalisation with
pneumonia and influenza was computed, with risk
time as the nominator and the total number of cases
for each profession with 95% confidence intervals
(CI). In multivariable adjusted Poisson regression
analysis, incidence rate ratios (IRR) were computed
for the comparison of the incidence rates for the dif-
ferent types of professions with ‘public administra-
tion’ as reference. Interaction with age on the primary
outcome was tested using the maximum likelihood
test. Two sensitivity analyses were conducted. In the
first, only primary diagnosis of pneumonia and influ-
enza was considered the main outcome in order to
identify any differences within hospital coding. In the
second, we included only patients >45 years of age.
This analysis was conducted in order to identify dif-
ferences within age groups. Statistical analyses were
performed using SAS v9.4 (SAS Institute, Inc., Cary,
NC) and RStudio [21].

Ethics

Register-based studies do not need ethical approval
in Denmark. The study was approved by the Danish
Data Protection Agency.

Results

The study cohort included 1,327,606 people who at
some point during the study period were within one
or more of the professions of interest. Among the
included type of professions, public administration
was the profession type with the most person years
(923,745 PY), and sewers was the type of profession
with the fewest person years (14,369 PY; Table I).
Overall, the people included were healthy, with few
co-morbidities. Differences were seen in the sex dis-
tribution between profession types, with the majority
of females working in day care, public schools, public
administration and nursing homes and as health-care
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workers at hospitals and dentists (Table I). For all
profession types, =<2.0% of the observation time was
for people with chronic obstructive pulmonary dis-
ease (Table I).

Risk of pneumonia

Working within sewers, public transportation and
garbage and recycling had the highest crude rate of
being hospitalised with pneumonia: 29.2/10,000 PY,
26.8/10,000 PY and 23.5/10,000 PY, respectively
(Figure 1). People working within farming and gar-
dening, health-care workers at hospitals and dentists
and those working at public schools had the lowest
crude rate of being hospitalised with pneumonia:
11/10,000 PY, 13.7/10,000 PY and 16.2/10,000 PY,
respectively (Figure 1). In adjusted analysis, we iden-
tified that people working in day care, sewers, public
transportation and nursing home care had an
increased rate of being hospitalised with pneumonia:
IRR=1.20 (95% CI 1.12-1.28), IRR=1.61 (95% CI
1.19-2.19), IRR=1.21 (95% CI 1.09-1.34) and
IRR=1.10 (95% CI 1.03-1.18) compared to people
working within public administration (Figure 1).

Risk of influenza

The crude rate of being hospitalised with influenza
was highest for people working within public trans-
portation (2.7/10,000 PY) followed by people work-
ing within garbage and recycling (1.5/10,000 PY)
and health-care workers at hospitals and dentists
(1.5/10,000 PY; Figure 2). People working within
farming and gardening and that metal industry had
the lowest crude rate of being hospitalised with
influenza (0.7/10,000 PY for both groups; Figure 2).
In adjusted analysis, we identified that people work-
ing within public transportation were associated
with an increased risk of being hospitalised with
influenza compared to people working within public
administration (IRR=2.54; 95% CI 1.79-3.58;
Figure 2).

Sensitivity analysis

For purposes of sensitivity, we only included hospi-
talisations with pneumonia or influenza categorised
as a primary diagnosis. Overall, this did not change
our main findings (Supplemental Figures S1 and
S2). However, we identified that people working in
public schools were at an increased risk of influenza
(IRR=1.40;95% CI 1.01-1.94) compared to people
working within public administration. Further, we
conducted a sensitivity analysis including only peo-
ple =45 years of age at study inclusion (1 January
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Risk  Crude

) Events tme rate IRR LCI UCI

Public administration -| [ 1,600 924,180 17.3 1.00
Day care E —e— 1,812 893,561 20.3 1.20 1.12 1.28
Farming and gardening -| k *- ! i 194 176,466 11.0 0.80 0.69 0.92
Garbage and recycling - }-é—o—i 128 54,376 235 1.17 0.98 1.40
Metal industry - )—Ero—| 440 251,573 17.5 1.02 0.92 1.14
Health care workers —e— i 375 274,374 13.7 0.86 0.77 0.96
Public schools - l—o—é—i 922 570,543 16.2 0.96 0.88 1.04
Public transportation - i —e— 465 173,344 26.8 1.21 1.09 1.34
Sewers -| é t * ! 42 14,378 29.2 161 1.19 219
Working at nursing home { i —eo— ) 1,465 736,956 19.9 1.10 1.03 1.18

0.60 1.60 1.40 1.80 2.20
Incidence rate ratio

Figure 1. Risk of hospitalisation with pneumonia by profession type. Crude rate and adjusted incidence rate ratios of being hospitalized
with pneumonia by type of profession.

Risk  Crude
Events  time rate IRR LCI UCI

Public administration 106 929,331 1.1 1.00

-

Day care 127 899,819 14 1.20 093 1.55

12 177,061 0.7 0.64 0.35 1.17

Farming and gardening ;

0.68 2.89

L4
®

=

Garbage and recycling

T

54709 15 14

}H

Metal industry 17 252,904 0.7 0.66 0.40 1.11

4

t=)

Health care workers 275628 1.5 1.26 0.88 1.81

Public schools 80 573,819 1.4 1.23 0.92 1.65

Public transportation ; e 47 174,648 2.7 254 1.79 358

Sewers ; § ° 4 . 14,522 . 1.36 0.34 551

Working at nursing home l—é—o—i ) ) ) 106 741,681 1.4 1.21 0.93 1.59
0.30 0.80 130 1.80 230 3.30 430 5.80

Incidence rate ratio

Figure 2. Risk of hospitalisation with influenza by profession type. Crude rate and adjusted incidence rate ratios of being hospitalized with
influenza by type of profession.

2008). This decreased the crude rates. However, no with influenza, only people working within public
changes were seen between profession types transportation had an increased rate compared to
(Supplemental Figures S3 and S4). people working within public administration.

Some studies have assessed the risk of pneumonia
and influenza and type of work exposure. A case-

Discussion control study from Spain included 1336 cases of
We investigated the associated rate of hospitalisation community-acquired pneumonia [21]. The authors
with pneumonia and influenza by type of profession identified that more cases worked within construc-
using Danish nationwide registries. Our study yielded tion compared to controls, whereas office workers
two major findings. First, among 10 pre-specified had lower odds of community-acquired pneumonia.
professions, we identified that people working in day In a multivariable adjusted model, the authors iden-
care, sewers, public transportation and nursing home tified no difference in type of profession. However,
care had an increased rate of hospitalisation with this study was limited by the case-control design
pneumonia compared to people working within pub- with the risk of recall bias, and because of the design

lic administration. When investigating hospitalisation of the study, the incidence of community-acquired
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pneumonia could not be established [21]. Our study
extends current knowledge, as we were able to shed
light on the incidence of pneumonia and influenza
among professions with frequent person contacts,
manual work and office work.

It has been identified that living with >10 people
and living with children are factors associated with
an increased risk of community-acquired pneumonia
[10,11]. Further, a case-control study from Germany
also identified that living with three or more children
is associated with an increased risk of serologically
confirmed influenza [12]. Our results are in line with
these findings. We identified that people working in
day care, nursing home care and public transporta-
tion were at an increased risk of pneumonia com-
pared to people working within public administration.
These professions are typically associated with direct
person-to-person contact and include work with
children. However, we found no increased rate of
hospitalisation with pneumonia or influenza among
people working within public schools, which may be
explained by variations within the job description for
this profession category.

An occupational study from England and Wales
identified that welders and men who worked with
exposure to metal fume or heated metal had a high
mortality from pneumonia in the period from 1959
to 1990 [22]. Our study with contemporary data
identified no increased associated risk of pneumonia
in people working within the metal industry com-
pared to people working within public administra-
tion. However, our study did not examine mortality
or cause of death.

We identified a low rate of pneumonia and influ-
enza in people within farming compared to people
working within public administration. A study of
crop farm workers identified an increased propor-
tionate mortality ratio of several respiratory diseases
compared to the non-agricultural population [23].
The discrepancy between studies may be explained
by differences in the outcome studied.

We found that work within public transportation
was associated with an increased rate of being hospi-
talised with influenza compared to work within public
administration. In line with our finding, a case-con-
trol study from England was conducted during the
2008-2009 influenza season, which identified that
people seeing their general practitioner (GP) for acute
respiratory infection had more frequently used a bus
or tram five days prior to GP contact compared to
controls [24]. Our findings of hospitalisation with
influenza should be interpreted with caution, as our
data may be under-powered.

Influenza vaccination is an important factor in
assessing the risk of hospitalisation with influenza. A

previous study from 21 states in the USA investigated
the coverage of influenza vaccination for a variety of
professions [25]. This study identified that the cover-
age was highest among health-care practitioners and
technical occupations (62.3%), and that people work-
ing within transportation and material-moving occu-
pations were among the professions with low coverage
(23.9%) [25]. The US labour market is difficult to
compare to the Danish market. However, the US
results may indicate that health-care workers in general
are more likely to receive the influenza vaccination.

Our study has some limitations. First, the cate-
gorisation of professions was based on a standard-
ised administrative system where specific details
on job description such as number of person con-
tacts were not available. Second, the status of
influenza and pneumococcal vaccination was not
available. However, only around 70,000 influenza
vaccines were registered in the 2017-2018 season
for healthy people <65 years of age, and it is there-
fore unlikely that differences in vaccination cover-
age explain our findings [26]. In Denmark, the
influenza vaccine is recommended for people >65
years of age, people with chronic diseases, preg-
nant women in their second or third trimesters,
patients with severe disease, patients on social wel-
fare pension and relatives of patients with immu-
nosuppression [27]. It is mandatory to register any
vaccine in a central register in Denmark. Third,
our data only provide information on pneumonia
and influenza hospitalisation, and the overall soci-
etal burden of these diseases was not assessed.
Fourth, multivariable adjusted regression analysis
was conducted in order to assess confounders.
However, based on the observational design, no
causal link can be made. Residual confounding
may be present. For instance, it would have been of
interest to identify differences in urban and subur-
ban areas of living. Fifth, the type of profession was
assessed from the Danish Welfare Registry, which
only includes people who have previously received
financial support from the government. Although
this includes the majority of the Danish popula-
tion, it introduces an important selection in the
cohort studied. Sixth, co-morbidity was assessed
as diagnosis from an inpatient or outpatient visit at
a hospital. However, data from general physicians
were not included. This may have underestimated
the true burden of co-morbidities.

In conclusion, we found that people working
within public transportation, day care, nursing home
care and sewers have a higher rate of being hospital-
ised with pneumonia compared to people working
within public administration. People working in pub-
lic transportation were at an increased risk of being



hospitalised with influenza compared to people
working in public administration. Our findings
underline the need for investigations on ways to pre-
vent pneumonia and influenza within the professions
specified.
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