Open access Original research

Prevalence of lifestyle characteristics in
glucocorticoid users and non-users: a
Danish population-based cross-

BM)J Open

To cite: Laugesen K, Petersen |,
Pedersen L, et al. Prevalence
of lifestyle characteristics

in glucocorticoid users

and non-users: a Danish
population-based cross-
sectional study. BMJ Open
2019;9:¢030780. doi:10.1136/
bmjopen-2019-030780

» Prepublication history and
additional material for this paper
are available online. To view
please visit the journal (http://
dx.doi.org/10.1136/bmjopen-
2019-030780).

Received 01 April 2019
Revised 09 September 2019
Accepted 04 October 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Department of Clinical
Epidemiology, Aarhus University
Hospital, Aarhus, Denmark
2Department of Primary Care
and Population Health, University
College London Medical School,
London, UK

*Public Health and Quality
Improvement, Aarhus, Denmark
“Department of Endocrinology
and Internal Medicine, Aarhus
University Hospital, Aarhus,
Denmark

Correspondence to
Ms Kristina Laugesen;
kristina.laugesen@clin.au.dk

sectional study

Kristina Laugesen

" Irene Petersen,’? Lars Pedersen,’ Finn Breinholt Larsen,®

Jens Otto Lunde Jorgensen,* Henrik T Toft Serensen’

ABSTRACT

Objectives Lifestyle may affect observed associations
between glucocorticoid use and adverse events. This study
aimed to investigate whether lifestyle differ according to
use of systemic glucocorticoids.

Design Population-based cross-sectional study.

Setting The Central Denmark Region.

Participants 30245 adults (>25 years of age) who
participated in a questionnaire-based public health survey
in 2010.

Outcome measures Systemic glucocorticoid use was
categorised as never use, current use (prescription
redemption <90 days before completing the
questionnaire), recent use (prescription redemption
91-365 days before completing the questionnaire), former
use (prescription redemption >365 days before completing
the questionnaire) and according to cumulative dose
expressed in prednisolone equivalents (<100, 100-499,
500-999, 1000-1999, 2000-4999, >5000 mg). We
computed the prevalence of lifestyle factors (body mass
index, smoking, alcohol intake, physical activity and dietary
habits) according to glucocorticoid use. We then estimated
age-adjusted prevalence ratios (aPRs) and 95% Cls,
comparing the categories of glucocorticoid users versus
never users. All analyses were stratified by sex.

Results Of the 30245 participants (53% women,

median age 53 years), 563 (1.9%) were current users,
885 (2.9%) were recent users, 3054 (10%) were former
users and 25743 (85%) were never users. Ever users of
glucocorticoids had a slightly higher prevalence of obesity
than never users (18% vs 14%, aPR=1.4,95%Cl 1.2 to
1.5 in women and 17% vs 15%, aPR=1.2, 95%Cl 1.1 to
1.4 in men). In women, ever users of glucocorticoids had a
slightly lower prevalence of high-risk alcohol consumption
compared with never users (17% vs 20%, aPR=0.8,

95% Cl 0.7 to 1.0). Smoking, diet and physical activity did
not differ substantially according to use of glucocorticoids.
Gonclusion Our study provides a framework for
quantifying potential uncontrolled confounding by lifestyle
factors in studies of systemic glucocorticoids.

BACKGROUND

Since their introduction in the 1950s, gluco-
corticoids have been prescribed to treat
numerous inflammatory conditions and are

Strengths and limitations of this study

» Lifestyle may confound the observed associations
between glucocorticoid use and adverse events in
observational studies.

» This large population-based study may guide as-
sessment of the association between lifestyle and
glucocorticoid use when data on lifestyle factors are
not available.

» The response rate to the questionnaire was 67%
and it is possible that the respondents had a dif-
ferent health profile than non-respondents. To mini-
mise bias due to non-response, we used a weighting
method developed for this particular survey.

» Information on lifestyle factors was based on self-re-
ported data, which can be prone to misclassification.

» As this study had a cross-sectional design, it was
unable to evaluate whether lifestyle predicts gluco-
corticoid use or vice versa.

widely used with annual prevalence of 3% in
Denmark.! * However, glucocorticoids also
are associated with several adverse events,
including truncal obesity, hypertension,
dyslipidaemia,” cardiac disease,"” venous
thromboembolism,6 diabetes mellitus,8
psychiatric illnesses’ and osteoporosis.'
Lifestyle factors, including smoking,
alcohol consumption, physical inactivity and
obesity, are well-described risk factors for
many adverse events associated with gluco-
corticoids.'™* Moreover, prior studies have
found that unhealthy lifestyle is abundant in
populations with diseases frequently treated
with glucocorticoids, for example, chronic
obstructive pulmonary disease (COPD),
inflammatory bowel disease and rheumatoid
arthritis, and also associated with severity
of disease development."”' Thus, lifestyle
factors potentially can confound observed
associations between glucocorticoid expo-
sure and adverse events. Pharmacosurveil-
lance of glucocorticoids is often performed
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Ever use Current use Recent use Former use Never use Total
N (%) N (%) N (%) N (%) N (%) N (%)

All 2460 (100) 301 (100) 489 (100) 1670 (100) 13485 (100) 15945 (100)

Body mass Index

18.5-24 1113 (45) 126 (38) 218 (44) 769 (46) 7203 (54) 8316 (52)

>30 444 (18) 50 (17) 105 (22) 289 (17) 1862 (14) 2306 (14)

Smoking

Former 765 (30) 111 (35) 148 (30) 506 (29) 3913 (28) 4678 (28)

Missing 96 (4.2) 17 (4.6) 23 (5.3) 56 (3.9) 293 (2.4) 389 (2.7)

Unhealthy 191 (7.9) 29 (9.7) 36 (7.6) 126 (7.7) 852 (6.8) 1043 (7.0)

Healthy 730 (29) 72 (22) 143 (27) 515 (31) 4234 (30) 4964 (30)

Alcohol intake

High-risk 458 (17) 43 (12) 75 (13) 1225 (18) 2730 (20) 3188 (19)
consumption

Participation in
regular leisure time
physical activity

Yes 1209 (48) 121 (39) 228 (44) 860 (50) 7354 (54) 8563 (53)
Men
Median age (range), 61 (25-98) 65 (28-94) 57 (25-88) 59 (25-100) 53 (25-99) 54 (25-100)
years

<18.5 21(1.3) 6 (4.0) 6(1.8) 9(5.3) 40 (0.04) 61(0.6)

25-29 959 (46) 116 (41) 188 (46) 655 (47) 5566 (44) 6525 (44)

Missing 53 (2.8) 5(2.2) 9 (3.5) 39 (2.6) 216 (1.7) 269 (1.9)

Current 518 (27) 64 (27) 98 (26) 356 (27) 3072 (27) 3590 (27)

Continued

N
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Table 1 Continued

Ever use Current use Recent use Former use Never use Total
N (%) N (%) N (%) N (%) N (%) N (%)
Never 630 (32) 67 (27) 132 (35) 431 (32) 4968 (42) 5598 (41)
Missing 51 (2.8) 5(2.2) 9(3.2) 37 (2.8) 196 (1.6) 247 (1.8)
Diet
Unhealthy 310 (15) 47 (15) 63 (15) 200 (15) 1906 (16) 2216 (16)
Reasonably healthy 1301 (64) 159 (62) 253 (65) 889 (64) 7874 (64) 9175 (64)
Healthy 342 (15) 38 (13) 68 (16) 236 (15) 2069 (17) 2411 (16)
Missing 89 (5.1) 18 (9.3) 12 (3.2) 59 (4.9) 409 (3.4) 498 (3.6)
Alcohol intake
Low-risk 1489 (72) 184 (70) 293 (73) 1012 (72) 9231 (75) 10720 (75)
consumption
High-risk 443 (22) 62 (21) 81 (19) 300 (22) 2588 (21) 3031 (21)
consumption
Missing 110 (6.7) 16 (8.7) 22 (7.6) 72 (6.0) 439 (3.5) 549 (4.0)
Participation in
regular leisure time
physical activity
No 1128 (54) 82 (65) 214 (52) 739 (52) 6265 (50) 7393 (51)
Yes 874 (44) 175 (32) 171 (45) 621 (46) 5791 (48) 6665 (48)
Missing 40 (2.2) 5(2.6) 11 (2.7) 24 (2.0 202 (1.6) 242 (1.7)

Percentages are weighted. Never use: persons who never redeemed a prescription for a systemic glucocorticoid before completing the
questionnaire. Ever use: at least one redemption of a prescription for a systemic glucocorticoid before completing the questionnaire. Current
use: redemption of a prescription for a systemic glucocorticoid <90 days before completing the questionnaire. Recent use: redemption of a
prescription for a systemic glucocorticoid 91-365 days before completing the questionnaire. Former use: redemption of a prescription for a

systemic glucocorticoid >365 days before completing the questionnaire.

using observational studies, in which control of such
confounders is important. However, many data sources
used for surveillance lack data on lifestyle. This has been
acknowledged as a limitation in prior studies.’ **

To quantify the amount of potential uncontrolled
confounding by lifestyle factors in observational studies
of systemic glucocorticoids, we used data from a popula-
tion-based health survey and conducted a cross-sectional
study to examine prevalence of lifestyle factors according
to glucocorticoid use.

METHODS

Setting

Denmark provides tax-supported health services to all
residents with access to primary and secondary care free
of charge. A unique central personal registration number
is assigned to all Danish residents at birth or immigration,
permitting accurate and unambiguous linkage of relevant
registries at the individual level.* Denmark is administra-
tively divided into five regions. We conducted this study
in the Central Denmark Region, with a population of
1.2 million inhabitants.

Study population

The study population was identified through responses
to the survey, ‘Hvordan har du det?” (How Are You?),
a questionnaire-based public health study conducted
by DEFACTUM (formerly Centre for Public Health and
Quality Improvement).”* The main incentive of the
survey was to map health and health behaviours among
citizens in order to promote better health through
targeted prevention and intervention by Danish health
authorities. Yet, data are available for research also.
Between February and May 2010, a random sample of
52400 people (7026 in the 16-24year age group and
45373 in the >25year age group) living in the Central
Denmark Region was invited to participate in the study.
The current study only included adults (=25 years of
age) who completed the study’s detailed questionnaire
(30245 persons, 67% of those invited). The question-
naire was sent by post and had to be returned by mail
in reply enveloped (postage was prepaid). Up to three
reminders were sent if people did not answer. The first
1000 people answering the questionnaire were promised
two tickets for the cinema. In addition, participants were
able to win lottery gifts.
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Lifestyle data

Lifestyle-related items included in the questionnaire were
body mass index (BMI), participation in regular leisure-
time physical activities, diet, smoking status and alcohol
intake. BMI was calculated as self-reported weight in kilo-
grams divided by self-reported height in metres, squared.
BMI was categorised according to WHO criteria, as
underweight (BMI <18.5), normal weight (BMI 18.5-24),
overweight (BMI 25-29) and obese (BMI >30).” Ques-
tionnaire items on physical activity focused on participa-
tion in leisure sports or other regular exercise (yes/no).
To assess diet, the health survey used a scoring system
developed by the Research Centre for Prevention and
Health, Capital Region of Denmark. Thirty different
questions were included on intake of fruit, vegetables,
fish and fat. The scoring system was used to summarise
responses into categories of ‘healthy’ (high amount of
fruit, vegetables, fish and low amounts of saturated fat),
‘reasonably healthy’ (median high intake of fruit, vegeta-
bles, fish and saturated fat), or ‘unhealthy’ (low amount of
fruit, vegetables, and fish, and high amount of saturated
fat). Smoking status was categorised as never, former or
current (daily or occasional). We categorised alcohol use
according to the Danish Health and Medicine Authority's
recommendations, that is, high-risk consumption (>7/14
(women/men) drinks weekly) or low-risk consumption
(<7/14 drinks weekly).

Data on medication use

Use of systemic glucocorticoids was identified through
the Danish National Health Service Prescription Data-
base (DNHSPD). The DNHSPD contains information on
prescriptions reimbursed by the National Health System
since 2004.%° Use of systemic glucocorticoids was defined
as never use (persons who never redeemed a prescrip-
tion for a systemic glucocorticoid before completing the
questionnaire) and ever use of systemic glucocorticoids.
Ever use was categorised further according to timing
of exposure and cumulative dose expressed in dose of
prednisolone equivalents. Timing of exposure was clas-
sified as current use (redemption of a prescription for a
systemic glucocorticoid <90 days before completing the
questionnaire), current new use (first-ever redemption
of a prescription <90 days before completing the ques-
tionnaire), current continuing use (first-ever prescription
redemption more than 90 days before completing the
questionnaire, but most recent prescription <90 days),
recent use (redemption of a prescription for a systemic
glucocorticoid 91-365 days before completing the ques-
tionnaire) and former use (redemption of a prescription
for a systemic glucocorticoid >365 days before completing
the questionnaire). The cumulative dose expressed
in prednisolone equivalents was divided in <100mg,
100-499mg, 500-999mg, 1000-1999mg, 2000-4999 mg
and =25000mg. (See online supplementary table 1 for
codes used in the Anatomical Therapeutic Chemical clas-
sification system of WHO and online supplementary table
2 for calculation of prednisolone equivalent doses.)

Statistical analyses
First, prevalence of lifestyle factors was computed
according to glucocorticoid use.

Second, adjusted prevalence ratios (aPRs) and 95% Cls
were estimated using a Poisson regression model. All cate-
gories of systemic glucocorticoid use (ever use, current
use, current new use, current continuing use, recent use
and former use as well as categories of cumulative dose
of prednisolone equivalents) were compared with the
reference of never use. The prevalence ratios (PRs) were
adjusted for age (10year age groups). All analyses were
stratified by sex.

In supplementary analyses, PRs were estimated strati-
fied by age group (25—44, 45-64, 265 years of age) and by
potential COPD (yes/no). Based on history of medication
use, potential COPD was defined as at least two redeemed
prescriptions after age 40 (and none before) for a long-
acting beta2 agonist (LABA), a long-acting muscarinic
receptor antagonist (LAMA) or an inhaled corticosteroid
(or combinations thereof).

In estimating prevalence and PRs, postsurvey weights
computed at Statistic Denmark were used to account for
survey design and non-response.27

All statistical analyses were conducted using Stata soft-
ware (Release V.12, StataCorp LP).

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for design or implementation of the
study. No patients were asked to advise on interpretation
or writing up of results. There are no plans to dissemi-
nate the results of the research to study participants or
the relevant patient community.

RESULTS

In total, 30245 persons completed the study question-
naire (53% women), and median age was 53 years. Of
these, 563 (1.9%) were current users of glucocorticoids,
885 (2.9%) were recent users, 3054 (10%) were former
users and 25743 (85%) were never users. The prevalence
of demographics and lifestyle factors according to gluco-
corticoid use is presented in table 1 and in the online
supplementary table 3.

Body mass index

In women, ever users of glucocorticoids were slightly
more obese than never users (18% vs 14%; aPR 1.4 (95%
CI 1.2 to 1.5); see table 1 and figure 1) with the highest
prevalence in current continuing users (21%) and recent
users (22%; see table 1, online supplementary table 3 and
table 4). Also, male ever users were slightly more obese
than never users (17% vs 15%; aPR 1.2 (95% CI 1.1 to
1.4); see table 1 and figure 2). In addition, prevalence of
obesity increased with greater cumulative glucocorticoid
dose in both sexes (figures 3 and 4).
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Category

Obesity

Ever use

Current use
Recent use
Former use

Smoking
Ever use

Current use
Recent use
Former use

High risk alcohol consumption
Ever use

Current use

Recent use

Former use

Unhealthy diet
Ever use
Current use
Recent use
Former use

No leisure time physical activity
Ever use

Current use

Recent use

Former use

aPR (95% Cl)

1.4 (1.2,15)
1.4(1.1,1.9)
1.7 (1.4, 2.0)
1.3(1.1,15)

e

1.1(1.0,1.1
12(1.1,13
12(1.1,13
1.0 (

Tt

1.0, 1.1

~— N ~—

Figure 1

| |
5 1 15

Age-adjusted prevalence ratios (@PRs) and 95% Cls for lifestyle factors comparing glucocorticoid users to never

users in women. Never use: persons who never redeemed a prescription for a systemic glucocorticoid before completing
the questionnaire. Ever use: at least one redemption of a prescription for a systemic glucocorticoid before completing the
questionnaire. Current use: redemption of a prescription for a systemic glucocorticoid <90 days before completing the
questionnaire. Recent use: redemption of a prescription for a systemic glucocorticoid 91-365 days before completing the
questionnaire. Former use: redemption of a prescription for a systemic glucocorticoid >365 days before completing the

questionnaire.

Smoking

Glucocorticoid ever users had a similar prevalence of
smoking as never users of glucocorticoids in both women
(aPR 1.1 (95% CI 1.0 to 1.1)) and men (aPR 1.1 (95%
CI 1.1 to 1.1); figures 1 and 2). These findings were
consistent across all categories of glucocorticoid users
(figures 1-4) and when stratifying on potential COPD
(online supplementary table 5).

Alcohol intake

In women, the prevalence of high-risk alcohol consump-
tion was somewhat lower in ever users of glucocorticoids
than never users (17% vs 20%; aPR=0.8 (95% CI 0.7 to
1.0); see table 1 and figure 1). For men, there was no

difference (aPR 1.0 (95% CI 0.9 to 1.1); see table 1 and
figure 2).

Physical activity
Physical activity did not differ substantially according to
use of glucocorticoids in either women (aPR 1.1 (95%
CI 1.0 to 1.1)) or men (aPR 1.0 (95% CI 1.0 to 1.0); see
figures 1 and 2) although greater cumulative dose of
glucocorticoid use was slightly associated with less phys-
ical activity (figures 3 and 4).

The PRs did not differ substantially by age group
(online supplementary table 6 and online supplementary
table 7).
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Category aPR (95% CI)
Obesity
Ever use —-— 1.2(1.1,1.4)
Current use —— 1.3(1.0,1.7)
Recent use —_ 1.0 (0.8, 1.3)
Former use —-— 1.2(1.1,1.4)
Smoking
Ever use . 1.1 (1.1,1.1)
Current use —— 1.1(1.0,1.2)
Recent use —— 1.1(1.0,1.2)
Former use B 1.1 (1.0, 1.1)
High risk alcohol consumption
Ever use - 1.0 (0.9, 1.1)
Current use —_—— 1.0 (0.8, 1.4)
Recent use —_ 1.0 (0.8, 1.2)
Former use - 1.1(0.9,1.2)
Unhealthy diet
Ever use - 1.0 (0.9, 1.1)
Current use —_— 1.0 (0.8, 1.4)
Recent use 1.0(0.7,1.3)
Former use —_ 1.0 (0.8, 1.2)
No leisure time physical activity
Ever use + 1.0 (1.0, 1.0)
Current use —— 1.1(1.0, 1.3)
Recent use -+— 1.0 (0.9, 1.2)
Former use -+ 1.0 (0.9, 1.1)
T T
5 1 1.5

Figure 2 Age-adjusted prevalence ratios (aPRs) and 95% Cls for lifestyle factors comparing glucocorticoid users to never
users in men. Never use: persons who never redeemed a prescription for a systemic glucocorticoid before completing

the questionnaire. Ever use: at least one redemption of a prescription for a systemic glucocorticoid before completing the
questionnaire. Current use: redemption of a prescription for a systemic glucocorticoid <90 days before completing the
questionnaire. Recent use: redemption of a prescription for a systemic glucocorticoid 91-365 days before completing the
questionnaire. Former use: redemption of a prescription for a systemic glucocorticoid >365 days before completing the

questionnaire.

DISCUSSION

This population-based study found that users of systemic
glucocorticoids had a slightly higher prevalence of obesity
than never users. In women, the prevalence of obesity was
1.4-old higher and in men 1.2-fold higher. In women, the
prevalence of high-risk alcohol consumption was 0.8-fold
lower in users of glucocorticoids than never users. This
finding did not apply for men. Smoking habits, diet and
physical activity did not differ substantially according to
use of systemic glucocorticoids.

Data on lifestyle among glucocorticoid users are sparse,
although truncal obesity is a well-known feature of gluco-
corticoid excess.” ** In addition, one study reported
higher prevalence of glucocorticoid use in obese versus

non-obese people® and one study found that overweight
and obesity were risk factors of self-reported arthritis."
In contrast, the prevalence of overweight and obesity
was lower in people with inflammatory bowel disease
than healthy controls.”” While arthritis and inflammatory
bowel disease are potential indications for glucocorticoid
treatment, these populations do not compare directly to
our study population. Due to the cross-sectional design
of our study, we were not able to investigate if glucocorti-
coid use predicted obesity or vice versa and the study did
not aim to investigate adverse effects of glucocorticoids.
Nevertheless, we found higher prevalence of obesity in
current continuing users of glucocorticoids compared
with current new users and increasing prevalence of
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Category

Obesity

<100 mg

100 mg — 499 mg
500 mg - 999 mg
1,000 mg — 1,999 mg
2,000 mg — 4,999 mg
> 5,000 mg

Smoking
<100 mg

100 mg — 499 mg
500 mg - 999 mg
1,000 mg — 1,999 myg
2,000 mg — 4,999 mg
> 5,000 mg

High risk alcohol consumption
<100 mg

100 mg — 499 mg

500 mg - 999 mg

1,000 mg — 1,999 mg

2,000 mg — 4,999 mg

> 5,000 mg

Unhealthy diet
<100 mg

100 mg — 499 mg
500 mg - 999 mg
1,000 mg — 1,999 mg
2,000 mg — 4,999 mg
>5,000 mg

No leisure time gh!sical activitz
<100 mg

100 mg — 499 mg
500 mg - 999 mg
1,000 mg — 1,999 mg
2,000 mg — 4,999 mg
>5,000 mg

aPR (95% Cl)

1.2 (0.9, 1.5)
1.3(1.1,15)
1.6 (1.3, 2.0)
1.4 (1.0,2.0)
1.6 (1.2,22)
1.9 (1.4, 2.5)

1.0 (0.9, 1.1)
1.0 (0.9, 1.1)
11 (1.0,1.3)
1.2(1.1, 1.4)
1.2(1.1,1.4)
1.1 (1.0,1.3)
0.9(0.7,1.1
0.8(0.7,09
0.9(0.7,12
0.9(0.6,13
0.7 (0.5,1.1
0.7 (0.5,1.1

ftlyey

)
)
)
)
)
)

1.1(08,16
1.1(08,1.4
1.4 (09,21
1.0(0.6,18
13(0.7,22
1.2(0.7,2.0

)
)
)
)
)
)

0.9(08,1.1)
1.0 (0.9,1.1)
1.1(1.0,1.2)
1.3(1.1,1.5)
1.2(1.1,1.4)
1.3 (1.2, 1.5)

L —o—
——
———
G
——
————
b=
b=
Lo—
-
-
Lo—
Lo
Lo—
——
————
——
-
Lo~
——
-
-
|

I
5 1 15

Figure 3 Age-adjusted prevalence ratios (@PRs) and 95% Cls for lifestyle factors comparing cumulative glucocorticoid dose (in

grams of prednisolone equivalents) to never users in women.

obesity with increasing cumulative glucocorticoid dose.
These results may indicate that glucocorticoid use
precedes obesity. Physical activity has been reported to be
low in some patient groups ordinarily treated with gluco-
corticoids; one study found that more than 60% of adults
with arthritis do not comply with physical activity recom-
mendations.”’ The reasons why the majority of persons
with arthritis did not meet physical activity recommen-
dations were not investigated, but authors discussed
if it may be related to arthritis-specific barriers to phys-
ical activity such as fear of making their arthritis worse,
fatigue or pain.”! In our study, we found no major differ-
ence in physical activity according to glucocorticoid use,
although greater cumulative dose of glucocorticoid was
slightly associated with less physical activity.

While we conducted a large population-based cohort
study with detailed information on lifestyle factors, its
limitations must be considered. First, the response rate

to the questionnaire was 67%. We cannot be sure if
persons who completed the health survey had a different
health profile than those who declined. To minimise such
bias, we used a weighting method developed by Statistic
Denmark for this particular survey.?” Second, persons
who completed the questionnaire might have answered
incorrectly. Third, redeemed prescriptions may be an
imperfect measure of actual drug intake and its timing.
Also, the prescription database only covers prescriptions
from 2004 on, which may have led to misclassification of
glucocorticoid use. We were not able to predict direction
of bias due to potential misclassification of glucocorti-
coid use or lifestyle factors. Fourth, we did not stratify on
socioeconomic status and were not able to identify treat-
ment indication. The algorithm used to define people as
having potential COPD may be imperfect. In particular,
certain persons identified as having COPD actually have
asthma. To address this issue, redeemed prescriptions for

Laugesen K, et al. BMJ Open 2019;9:e030780. doi:10.1136/bmjopen-2019-030780
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Category

Obesity
<100 mg

100 mg — 499 mg
500 mg - 999 mg
1,000 mg — 1,999 mg
2,000 mg — 4,999 mg
>5,000 mg

Smoking
<100 mg

100 mg — 499 mg
500 mg - 999 mg
1,000 mg — 1,999 mg
2,000 mg — 4,999 mg
>5,000 mg

High risk alcohol consumption
<100 mg

100 mg — 499 mg

500 mg - 999 mg

1,000 mg — 1,999 mg

2,000 mg — 4,999 mg

>5,000 mg

Unhealthy diet
<100 mg

100 mg — 499 mg
500 mg - 999 mg
1,000 mg — 1,999 mg
2,000 mg — 4,999 mg
>5,000 mg

No leisure time physical activity
<100 mg

100 mg — 499 mg

500 mg - 999 mg

1,000 mg — 1,999 mg

2,000 mg — 4,999 mg

> 5,000 mg

aPR (95% Cl)

1.2(0.9,1.5)
12(1.0,14)
12(1.0,1.6)
15(1.0,2.3)
1.4(0.9, 2.1)
15 (0.9, 2.4)

11(1.0,12)
11(1.0,1.1)
11(1.0,1.3)
12(1.1,13)
12(1.0,13)
11(09,1.2)

1.0(0.8,1.2)
1.0 (0.9,1.2)
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Figure 4 Age-adjusted prevalence ratios (aPRs) and 95% Cls for lifestyle factors comparing cumulative glucocorticoid dose (in

grams of prednisolone equivalents) to never users in men.

LABA or LAMA before age 40 were an exclusion crite-
rion, as asthma onset most often occurs in childhood or
adolescence, whereas COPD onset is later in life. Last, as
this study had a cross-sectional design, it was unable to
evaluate whether lifestyle predicts glucocorticoid use or
vice versa. Still, the study did not aim or was designed to
evaluate adverse effects of glucocorticoids.

Our study has important implications for quantifying
the amount of potential uncontrolled confounding by
lifestyle factors in observational studies of systemic gluco-
corticoids. Results from this study may guide assessment
of the association between lifestyle and glucocorticoid use
and can, for example, be used in a bias analysis when data
on lifestyle factors are not available.®”* Yet, it must be
acknowledged that any assessment should not be based
solely on associations found in this study. Directed acyclic
graphs could be applied to ensure that recorded lifestyle
factors are not mediators or colliders.”

In conclusion, glucocorticoid users had a slightly higher
prevalence of obesity and female glucocorticoid users had
a slightly lower prevalence of high-risk alcohol consump-
tion compared with never users. Smoking habits, diet and
physical activity did not differ substantially according to
use of glucocorticoids. Our study provides a framework
for quantifying potential uncontrolled confounding by
lifestyle factors in studies of systemic glucocorticoids.
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