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EXTENDED REPORT

Pattern of risks of systemic lupus erythematosus
among statin users: a population-based cohort study

Hilda J 1 De Jong, "% Tjeerd P van Staa,>” Arief Lalmohamed,?* Frank de Vries,*®’
Rob J Vandebriel," Henk Van Loveren,"® Olaf H Klungel,? Jan Willem Cohen Tervaert*?

ABSTRACT

Objectives To examine the association between

the use of statins and the risk of systemic lupus
erythematosus (SLE) with focus on describing the
patterns of risks over time.

Setting A population-based cohort study using the UK
Clinical Practice Research Datalink.

Participants All patients aged 40 years or older who
had at least one prescription of statins during the period
1995-2009 were selected and matched by age, sex,
practice and date of first prescription to non-users.

The follow-up period of statin users was divided into
periods of current, recent and past exposure, with
patients moving among these three exposure categories
over time. Current statin users were also stratified into
<1year or >1year of use.

Main outcome measures Time-dependent Cox
models were used to calculate HRs of SLE, adjusted for
disease history and previous drug exposure.

Results We included 1039694 patients, of whom
519847 were statin users. Current statin users did

not have an increased risk of developing SLE among
patients aged =40 years (HRadiusted 0.75,95%Cl 0.53 to
1.07). Current statin users who continued the therapy
for >1year had a 38% lower risk of developing SLE
(HRadlusted 0.62, 95% C1 0.42 to 0.93). When more specific
definitions for SLE were used, this latter finding, however,
was not observed.

Conclusions Our findings showed no effect of statins
on the risk of developing SLE among patients aged =40
years. Further research is needed to study the long-term
effects of statins on SLE.

INTRODUCTION

Statins are effective in reducing the risk of cardio-
vascular morbidity and mortality in patients with
hyperlipidaemia, hypertension or diabetes.'”
Besides their cholesterol-lowering activity, several
studies have shown that statins have anti-inflam-
matory and immunomodulatory properties and
may suppress the expression of ongoing autoim-
mune responses. Specifically, several studies have
shown that statins decrease the proinflammatory
biomarkers and/or disease activity scores in patients
with SLE.*” Alternatively, we previously suggested
that statins may facilitate the development of
autoimmunity.** In these studies, however, we
used different study designs, study populations,
study outcomes and definitions of the exposure to
statins.* ' Four studies that included analyses of
reports of adverse drug reactions suggested that
statins could trigger the development of lupus-like

syndrome.'®"* The mean time from statin exposure
to the onset of SLE has been described as 12.8 £18
months (range 1month—6years).”> However, one
study showed that statin use was associated with a
decreased risk of connective tissue disease (CTD),
including SLE' To date, there is no robust evidence
of whether statins have an effect on the develop-
ment of SLE. We examined the association between
the use of statins and the risk of SLE with focus on
describing the pattern of risk of SLE over time.

METHODS

Data source

Data were derived from the Clinical Practice
Research Datalink (CPRD), an ongoing primary
care database of anonymous medical records from
general practitioners. CPRD contains the comput-
erised medical records of 625 general practices,
representing approximately 8% of the population
in the UK and has been described in detail else-
where."” The data recorded in the database include
demographic information, diagnoses, prescrip-
tion details, preventive care provided, referrals
to specialist care, hospital admissions and related
major outcomes.” Several independent validation
studies have shown that the CPRD database has
a high level of completeness and validity.'® The
current study was approved by the Independent
Scientific Advisory Committee for Medicines and
Healthcare Products Regulatory Agency Database
Research.

Study population

We conducted a matched cohort study with
prospectively collected data among patients who
had at least one prescription of statins during the
period 1995-2009. The date of the first prescrip-
tion of statins was defined as the index date. Statin
users were matched to a single control (non-users of
statins) randomly selected from patients of the same
age (=35 years) and sex at index date, with the index
date of the control being the same as that of the
statin user (ie, matching on calendar time). Statin
users and non-users were also matched on practice
as they had to be registered at the same general
practice as the statin user to control for differences
in prescribing regimens per practice.

Statin users and non-users had to have at least
lyear of data collection before the index date.
After this matching, statin users and non-users
who had ever been diagnosed with SLE, had
used disease-modifying anti-rheumatic  drugs
(DMARDs) and/or were younger than 40 years
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Three examples of time-dependent exposure to statins in patients A, B and C. During follow-up of the patients who initiated statin

therapy, time was divided into periods of current, recent and past exposure to statins, with patients moving between these three exposure categories
over time. We illustrated this pattern of statin exposure by three examples. Patient A: the follow-up of statin use of patient A was divided into periods
of current, recent and current exposure to statins. Patient B: the follow-up of statin use of patient B was divided into periods of current, recent and
past exposure to statins. Patient C: the follow-up of statin use of patient C was divided into periods of current, recent, past and current exposure

to statins. Black arrow: current exposure, time from the start date of a prescription until 3 months after its expected duration of use. The expected
duration of use was defined as 3 months (run-out period). When the consecutive prescription of statins was prescribed within these 3 months, the
exposure to statins was defined as current exposure. Dark grey arrow: recent exposure, time from 3 to 12 months after the end date of the most
recent prescription of statins. Light grey arrow: past exposure, time from 12 months or longer after the end date of the most recent prescription of

statins.

before or at the index date were excluded. Patients aged =40
years were considered more likely to receive a statin than
patients <40 years.

Exposure to statins

All prescriptions for statins were identified. Each prescription
length was calculated by dividing the number of prescribed
tablets by the prescribed daily dose. Since statin therapy
compliance declines substantially over time,'” the time of
follow-up was divided into periods of current, recent and
past exposure to statins, with patients moving between these
three exposure categories over time.'® Current exposure was
defined as the time from the date of a prescription until 3
months after its expected duration of use. The expected dura-
tion of statin use was defined as 3 months. When the consec-
utive prescription of statins was prescribed within these 3
months, patients continued to be ‘current users’. Since patients
can move between different categories of exposure to statins
over time, patients can be defined more than once as ‘current
users’. Current statin users were also classified as <1year
or >1year of use. Recent exposure was defined as the period
of time from 3 to 12 months after the end date of the most
recent prescription, and past exposure was the period of time
from 12 months or longer after the end date of the most recent
prescription of statins (figure 1).

Clinical outcome

Each patient was followed from the index date up to the date of
the first record, diagnosis, of SLE (identified from CPRD’s Read
coded data)” or the date when the patient left the general prac-
tice, died or the end date of data collection, whichever date came
first. When a patient was referred to a rheumatologist before
the date of the first SLE code, the date of the first referral was
defined as the event date.

Risk factors

Potential risk factors for SLE were derived from the litera-
ture, including studies investigating the effects of statins on
SLE, comorbidities in patients with early SLE and comedica-
tion with anti-inflammatory and immunomodulating effects
which may potentially result in SLE.?** The risk factors in the
year before the index date included body mass index (BMI),
smoking and alcohol status (currently smoking or drinking,
ex-smoker or ex-drinker, or never smoked or drank) and a
history of hypertension, diabetes mellitus, hyperlipidaemia,
cardiovascular disease, asthma, inflammatory bowel and thyroid
disease.” Diabetes mellitus was defined as having a diagnosis
of diabetes mellitus or using antidiabetic therapy. Patients were
classified as hypertensive if they received a prescription for
antihypertensive drugs or had a diagnosis of hypertension. Come-
dications with anti-inflammatory and immunomodulating prop-
erties within 6 months before the index date were non-steroidal
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anti-inflammatory drugs, aspirin, proton pump inhibitors (PPIs),
antibiotics, hormone replacement therapy, antidepressants, anti-

Table 1 Baseline characteristics of statin users and non-statin users

convulsants, antipsychotics, antiarrhythmic and other lipid-low- ) o Statin users Non-users

. 24 Baseline characteristics (n=519847) (n=519847)

ering agents.
Duration of follow-up (years)
Mean (SD) 45 (3.4) 4.1 (2.6)

Statistical analysis Sex, n (%)
The incidence rate was estimated by dividing the number of Female 250608 (48.2) 250608 (48.2)
patients with incident SLE by the total follow-up time. We Age (years)
estimated the HRs and 95% CIs for the risk of developing Mean (SD) 63.1 (12.1) 62.9(12.5)
SLE among statin users. A multivariate tlme—depeqdent Cox P A
proportional hazards model was used to assess the risk of SLE 4049 70047 (13.5) 74647 (14.4)
in current, recent 'flnd past users compar§d with non-users of FEE 148461 (286) 158441 (30.5)
statins. Potential risk factors were only included in the final

. . . 60-79 242331 (46.6) 221013 (42.5)
model if they independently changed the estimated effect
for statin use by at least 5%. Multiple imputation was used 80+ . 59008 (11.3) 65746 (12.6)
to address missing data for BMI (missing: 12.9%), smoking BMI (kg/m’)
(9.2%) and alcohol status (17.9%). Missing data were imputed Mean (D) 26.984) 21.0(11.8)
by the multiple imputation method using the fully conditional Unknown BMI 28284 (54) 105970 (20.4)
specification method.” All original exposure, outcome and Smoking status, n (%)
co-variables as presented in tables 1 and 2 were included in the Non-smoker 213123 (41.7) 234762 (45.1)
imputation model. Twenty imputations were created, analysed Ex-smoker 216786 (31.6) 111623 (21.5)
and pooled. Results from the complete and multiple imputa- Smoker 164492 (22.3) 100837 (19.4)
tion analyses were compared, and multiple imputation analyses Unknown smoking status 22935 (4.4) 72625 (14.0)
are presented. Drinking status, n (%)

Prespecified subgroup analyses of patients with cardiovas- Non-drinker 65250 (12.6) 54528 (10.5)
cular diseases or risk factors were performed. A previous study Ex-drinker 32799 (6.3) 20856 (4.0)
suggested different associations between statin use and the risk Dl 358004 (68.8) 321916 (61.9)
of developing SLE in patients with cardiovascular diseases, Unknown drinking status 63794 (12.3) 122547 (23.6)
hypertension or diabetes.”® Despite the increased lipid levels, Drug use within previous 6 months, n (%)
st.atins could .also have been prAescribed to patients with on.ly Antihypertensive agents 323170 (62.2) 124169 (23.9)
diabetes mellitus or a low socioeconomic status or a family Fibrates 8565 (1.6) 900 (0.2)

history of cardiovascular disease or a high-risk ethnicity, as has

. . R K Ezetimibe 1969 (0.4) 133 (0.03)
been described in the National Institute for Health and Care e
L. . L. . 27 Antidiabetic agents 122185 (23.5) 18603 (3.6)
Excellence clinical guideline lipid modification.”” A subgroup —
.. . . . . . Aspirin 145039 (27.9) 36945 (7.1)
analysis in patients with or without a medical history of hyper- : )
livi . . .. Antiarrhythmic agents 20625 (4.0) 11301 (2.2)
ipidaemia was conducted. In previous studies, it was found that
older women were more likely to experience an adverse effect NSAIDs . 202011 (38.9) 88625 (17.0)
of statins.?® 2’ Therefore, the analyses were also stratified by age Proton pump inhibitors 84995 (16.4) 48211 (93)
and sex. Data analyses were performed using SAS V.9.2 (SAS Horlmone replacement therapy or 162942 21005 (4.0
Institute, Cary, North Carolina, USA). oral contraceptives “.2) “.0
Oral corticosteroids 17673 (3.4) 15574 (3.0)
Antibiotics 47321 (9.1) 36493 (7.0)
Sensitivity analyses Anticonvulsants 10850 (2.1) 8126 (1.6)
Five sensitivity analyses were carried out of which the first three Antipsychotics 5444 (1.0) 6190 (1.2)
were evaluating the impact of potential case misclassification by Antidepressants 115564 (22.2) 95293 (18.3)
changing the definition of incident SLE into: History of disease ever before, n (%)
1. having at least two medical records of which the first record Hypertension* 323170 (62.2) 124169 (23.9)
was used as the event date; Hyperlipidaemia 153758 (29.6) 12734 (2.4)
2. the first.-time diagnosis of SLE wi.th.a referral to a rheu- Dkl 122515 (23.6) 18762 (3.6)
matOIlest or at least one prescription of the frequer.ltly Cardiovascular diseases 174982 (33.7) 47675 (9.2)
prelscrlbeq drugs forhSLE (azathlogrlne, cy.clo([i)hosllahamlde, Cerebrovascular disease 59891 (11.5) 17077 33)
cyclosporine or met Qtrexate) and/or received at least two Cancer 35099 (6.8) 40046 (7.7)
prescriptions of corticosteroids or (hydroxyl)chloroquine .
X . Psoriasis 20182 (3.9) 16544 (3.2)
after the first medical record for SLE; -
. .. .. S . Inflammatory bowel disease 5185 (1.0) 5155 (1.0)
3. the required minimum of two physicians’ claims for SLE
Ly . COPD 21113 (4.1) 20849 (4.0)
at least 2 months apart within a 2-year span, an algorithm 5
which has been proposed by Bernatsky and colleagues.” Ast ma. 61503 (11.8) 53183 (10.2)
4. Ttis likely that there is a lag time between the onset of symp- DI SUE LY S0 (2l
Depression 72446 (13.9) 49371 (9.5)

toms and the diagnosis of SLE, and therefore, we excluded
the 2years following initiation of statin treatment.”' *Diagnosis of hypertension or use of antihypertensive agents.

5. We considered the date of SLE exactly 2years before the Diagnosis of diabetes mellitus or use of antidiabetic therapy. i
: K R . . COPD, chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-
first-time diagnosis of SLE because of the potential late

. . . inflammatory drugs.
manifestation of the clinically apparent symptoms of SLE.*!
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Table 2 Risk of systemic lupus erythematosus in statin users
compared with non-statin users

Age- and sex-

SLE adjusted Fully adjusted

(n) IR* HR (95%Cl) HR (95%CI)t
No statin use 98 0.6 1.00 1.00
Past statin use 22 1.0 1.61 (1.01 to 2.56) 1.30(0.79 t0 2.13)
Recent statin use 20 1.1 1.67 (0.98 to 2.84) 1.31(0.75 t0 2.29)
Current statinuse 117 0.6 0.98(0.73t01.30)  0.75(0.53 to 1.07)
<1year 64 1.9 1.31(0.88t01.93)  1.01 (0.65 to 1.56)
>1year 53 0.3 0.83 (0.59 t0 1.16) 0.62 (0.42 t0 0.93)

*Incidence rate is calculated for each recency of statin use by dividing the number
of events by the person time within each given recency of use.

tAdjusted for age, sex, practice, smoking, cardiovascular diseases, hyperlipidaemia,
hypertension, diabetes and use of non-steroid anti-inflammatory drugs.

IR, incidence rate (per 10 000 person-years); SLE, systemic lupus erythematosus.

RESULTS

A total number of 1107 988 statin users and controls were iden-
tified in the CPRD: 40320 patients who were younger than 40
years, 3346 patients with a medical history of SLE and 24628
patients with a prescription of DMARD before the index date
were excluded. Of the remaining 1039694 patients, 519 847
were statin users and 519 847 were non-users (figure 2). Due to
matching, statin users and non-users had similar distributions of
age (statin users: mean age, 63.1 years and non-users: 62.9 years)
and sex (statin users and non-users: 48.2% women). Compared
with non-users, statin users were more frequently previous
smokers and diagnosed with cardiovascular disease, hyperlipi-
daemia, hypertension and diabetes. Statin users were more likely
to have a history of exposure to aspirin, antihypertensive, antidi-
abetic agents and PPIs compared with non-users (table 1).

In our study population, the incidence rate for SLE was 0.7
cases per 10000 person-years. Current statin users had a risk
of developing SLE among patients aged =40 years which was
comparable to that of non-users (HR e 0-755 95%CI 0.53
to 1.07) (table 2). Current statin users who continued the
therapy for >1year had a 38% decreased risk of developing SLE
(HR,‘\di“S[ed 0.62, 95%CI 0.42 to 0.93). Recent and past statin
users had no increased risk of developing SLE. The HR . for
recent and past statin users were 1.31 (95% CI 0.75 to 2.29) and
1.30 (95% CI 0.79 to 2.13), respectively.

Table 3 shows several potential factors that may have influ-
enced the risk of developing SLE after statin exposure. No clear
effect modifiers for the association among current, recent and
past statin exposures and the risk of developing SLE were found.
It seems that patients with a history of cardiovascular disease or
diabetes who currently used statins, irrespective of the duration
of use, had a decreased risk of developing SLE.

We observed also a tendency towards a decreased risk of
developing SLE in patients aged 61-80year and women who
currently continued statin therapy for >1year.

Table 4 shows the results of five different sensitivity analyses.
Since our definition of SLE'” was rather unspecific, we subse-
quently used three more specific definitions. These analyses
showed similar results. The decreased risk of SLE for current
users who continued therapy for >1year, however, was not
found anymore. In addition, the sensitivity analysis where we
excluded the first 2years after initiation of statin treatment
showed that current statin use, irrespective of the duration of
the therapy, was associated with a decreased risk of SLE.

DISCUSSION
Our study demonstrated no association between current statin
use and the risk of developing SLE among patients aged =40

=5 million active patients in the
CPRD database in 1995-2009

/\

Statin users 1: :( Non-users
N=553,994 Matched on age, sex, N=553,994
practice and date of the first

el

prescription of statins
(index date)

~

CPRD, Clinical Practice Research Datalink: SLE, systemic lupus erythematosus:

N ~
Statin users :,::;:_l:'::{‘ 40 vears Non-users
N=533.834 (N=40.320) % N=533.834
J J
L 2 L 4
~
fe g E: Exclude: [ " i
5}‘“'" users Patients with a diagnosis u i\_""‘""‘“
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G i N=3.346) 4} e
L 2
(- B xclude: A (
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DMARD, disease modifying anti-rheumatic drug

Figure 2 Flow diagram showing the selection of the study population from the Clinical Practice Research Datalink.
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Table 3  Confounding and modifying effects of systemic lupus erythematosus risk in statin users versus non-statin users

Adjusted HR (95% Cl)*

Recent statin use

Current statin use

Current statin
use<1year

Current statin
use>1year

SLE (n) IRt Past statin use
By age, years
40-60 109 0.7 1.44 (0.65 0 3.18)
61-80 137 0.7 1.12 (0.58 t0 2.16)
>80 1" 0.3 2.37 (0.22 t0 24.73)
By sex
Women 202 1.0 1.36(0.79 t0 2.33)
Men 55 0.3 1.01 (0.28 t0 3.62)
By any previous history of
disease
No previous cardiovascular 191 0.7 1.62 (0.93 to 3.32)
disease
Previous cardiovascular 66 0.6 0.45 (0.16 to 1.27)
disease
No previous cardiovascular 102 0.6 1.69 (0.77 t0 3.74)
risk factorf
Previous cardiovascular risk 155 0.7 1.49 (0.76 to 2.94)
factor
No previous hyperlipidaemia 189 0.6 0.93 (0.47 t0 1.82)
Previous hyperlipidaemia 68 0.8 5.33 (0.69 to 41.14)
No previous hypertension 139 0.7 1.61 (0.86 to 3.01)
Previous hypertension 18 0.7 1.01 (0.43 to 2.36)
No previous diabetes 218 0.6 1.21 (0.69 t0 2.12)
Previous diabetes 39 0.7 1.10 (0.33 t0 3.70)

2.23(0.98 t0 5.03)
0.69 (0.29 to 1.60)
4.22 (0.56 to 31.80)

1.52 (0.82 t0 2.82)
0.73(0.19 to 2.86)

1.75 (0.92 t0 3.32)

0.39(0.13to 1.21)

0.60 (0.14 to 2.62)

1.87(0.93 t0 3.76)

1.47 (0.75 to 2.85)
2.73(0.32 t0 23.14)
0.56 (0.19 to 1.68)
1.99 (0.93 to0 4.28)
1.42 (0.76 t0 2.61)
0.71(0.17 t0 2.99)

1.07 (0.61 to 1.88)
0.51 (0.31 t0 0.82)
1.46 (0.29 t0 7.53)

0.73(0.49 t0 1.10)
0.79 (0.37 t0 1.73)

0.96 (0.64 to 1.45)

0.27 (0.14 10 0.52)

0.63 (0.33 to 1.20)

0.95 (0.57 to 1.58)

0.73 (0.49 t0 1.10)
2.02 (0.27 to0 14.82)
0.71 (0.42 t0 1.18)
0.80 (0.45 to 1.41)
0.88 (0.60 to 1.28)
0.29(0.10 to 0.81)

1.35(0.68 to0 2.69)
0.75(0.41 to 1.38)
1.48 (0.23 10 9.31)

1.02 (0.62 to 1.68)
0.94 (0.37 to 2.37)

1.32(0.79 t0 2.21)

0.32(0.14 10 0.72)

0.71 (0.31 to 1.65)

1.37(0.74 10 2.53)

0.97 (0.58 to 1.61)
2.69 (0.35 to 20.89)
0.85 (0.45 to 1.61)
1.16 (0.58 t0 2.32)
1.26 (0.79 to0 2.03)
0.29 (0.09 to 0.97)

0.92 (0.49 t0 1.73)
0.40 (0.23 to 0.69)
1.46 (0.21 t0 9.99)

0.59 (0.38 t0 0.94)
0.71 (0.30 to 1.66)

0.77 (0.48 to 1.24)

0.24(0.12 to 0.50)

0.56 (0.24 to 1.29)

0.80 (0.46 to 1.37)

0.62 (0.38 to 1.00)
1.71 (0.23 t0 12.95)
0.61(0.33to 1.11)
0.66 (0.36 to 1.22)
0.68 (0.44 to 1.06)
0.29 (0.10 to 0.85)

*Adjusted for confounders as shown in table 2.

tIncidence rate is calculated for each recency of statin use by dividing the number of events by the person time within each given recency of use.

tCardiovascular risk factor included previous hyperlipidaemia, hypertension and diabetes.

IR, incidence rate (per 10000 person-years); SLE, systemic lupus erythematosus.

years. However, we did find a 38% decreased risk of developing
SLE in current users who continued their therapy for >1year,
although this finding of a decreased SLE risk disappeared in the
sensitivity analyses.

We were unable to find any previous studies examining the
association between statin use and the risk of developing SLE.
However, a propensity score matched cohort study of 6956 pairs
of statin users and non-users showed an association between statin
use and a lower risk of CTD (approximately 13% of the CTD
patients were patients with SLE) during a 1-year study period.'*
In the first year of statin exposure, we found no decrease in the
development of SLE which became only significant after 1year
of statin use. Differences between the study by Schmidt and
colleagues and our study may be partially explained by the inclu-
sion of other rheumatic diseases and defining statin exposure. In
our study, statin exposure was defined by the recency of use and
duration (<1year and >1year) within the current statin users,
whereas Schmidt and colleagues defined statin use as receiving at
least a 90-day supply during a 1-year study period."

Several clinical trials and open-label studies investigating the
effects of statins in patients with SLE have found beneficial effects
of statin therapy on lipid levels, proinflammatory biomarkers
and the endothelial markers.* ¢ 3> It has been hypothesised
that atherosclerosis often develops prematurely among patients
with SLE in the setting of chronic inflammation in conjugation
with the traditional cardiovascular risk factors.”® Recently, a US
population-based lupus cohort study demonstrated an increased
number of cardiovascular events in the 2years before the diag-
nosis of SLE, suggesting accelerated atherosclerosis before
the onset or diagnosis of SLE.*”” Consistent with our finding

of no association between current statin use and the risk of
developing SLE, several clinical trials and open-label studies
evaluating the effects of statins in patients with SLE found no
association between statin use and a change in disease activity
score as measured by the Systemic Lupus Erythematosus Disease
Activity Index.* ¢ 327¢

Our findings did not show an increased risk of SLE after statin
use. In a previous study conducted by our research group, it was
found that statin use was more often reported in patients with
lupus-like syndrome than in patients who experienced other
adverse drug events.'’ The findings of this study were consistent
with the results of a study that used the French PharmacoVigi-
lance database.'® Furthermore, two reviews, including studies of
case reports of adverse drug reactions, found an increased risk
of developing SLE in statin users."' '* A major limitation of these
studies was the use of data that were not population based but
based on pharmacovigilance databases with selective reporting
of adverse drug reactions.

The underlying mechanisms by which statins may interfere
the risk of developing rheumatic autoimmune diseases*™® are
unknown and could not be investigated in our study. Statins are
suggested to have anti-inflammatory and immunomodulating
properties beyond their lipid-lowering effects.”® ** Importantly,
statins may skew T cell differentiation toward regulatory T cells
(Treg) and away from proinflammatory T helper (Th) 17 cells
via geranylgeranylation of proteins, resulting in promoting Treg
differentiation in the periphery, while blocking Th17 cell differ-
entiation which may be protective against SLE.>* ** However, it
has been suggested that statins may promote a shift in Th1/Th2
balance'® ** or lead to unstable peripheral Tregs*' ** and thus
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Table 4 Several sensitivity analyses to test the robustness of our findings

Adjusted HR (95% Cl)*

Past statin use

Current statin use Current statin use Current statin use

Recent statin use

IRt

SLE (n)

Sensitivity analyses

>1year

<1year
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0.53(0.24 t0 1.16)

1.22 (0.58 to0 2.56)
1.54 (0.81 t0 2.93)

0.80 (0.42 t0 1.52)

1.83 (0.75 to 4.46)
1.74(0.76 to 4.01)

2.11(0.97 to 4.63)
2.37 (0.98 to 4.77)

0.2
03

83
121

1. Restrict to SLE patients with at least two medical records for SLE

1.02 (0.57 to 1.82)

1.19 (0.71 to0 2.01)

2. Restrict to SLE patients who were referred to a rheumatologist or received at last one
prescription of azathioprine, cyclophosphamide, cyclosporine or methotrexate and/or

received at least two prescriptions of corticosteroids or (hydroxy)chloroquine after the first-

time diagnosis of SLE

3.85(0.94 to 10.58) 2.72 (0.79 t0 9.42) 1.13(0.46 t0 2.78) 1.87 (0.66 to 5.34) 0.69 (0.23 to 2.08)

0.1

44

3. Restrict to SLE patients with a minimum of two medical records for diagnosis of SLE at

least 2 months apart but within a 2-year span.

0.43 (0.26 t0 0.72)
0.84 (0.51 t0 1.39)

0.38 (0.23 t0 0.63) 0.26 (0.13 t0 0.53)
0.58 (0.31 to 1.06)

0.74 (0.46 to0 1.20)

0.81(0.37 t0 1.82)
0.61(0.23 to 1.65)

0.90 (0.50 to 1.63)
1.07 (0.54 t0 2.13)

*Adjusted for age, sex, practice, smoking, cardiovascular diseases, hyperlipidaemia, hypertension, diabetes and use of non-steroid anti-inflammatory drugs.

tIncidence rate is calculated for each sensitivity analysis by dividing the number of events by the person time within each given recency of use.

IR, incidence rate (per 10000 person-years); SLE, systemic lupus erythematosus.

0.5

139
140

4. Exclude 2 years after initiation of statin treatment

0.4

5. Shift the event (SLE) date exactly 2 years before the date of the first-time diagnosis of SLE

may promote autoimmunity. Statins may not cause autoimmu-
nity by themselves, but they may promote a pre-existing auto-
immune-prone condition to progress toward a clinical manifest
disease.

Our study has several strengths including the large sample
size, representativeness of the population, completeness of
follow-up and information on matched non-users, and detailed
information on confounders (eg, smoking status) was available.
Furthermore, data are prospectively collected in the CPRD and
thus not subjected to recall bias.

Our study has also some drawbacks. We used prescription data
on statin exposure rather than on actual drug use, which could
have resulted in an overestimation of statin use. Furthermore,
we used a definition of incident SLE as has been previously used
by Somers and colleagues.'” Although this definition was previ-
ously used in the CPRD database, it is rather unspecific for the
diagnostic outcome (SLE). Therefore, we performed a series of
sensitivity analyses regarding different more specific definitions
of SLE. All analyses consistently showed no association between
current statin use and the risk of developing SLE. The association
between current statin use for >1year and the decreased risk of
developing SLE, however, disappeared when more specific defi-
nitions of SLE were used.

Since patients aged =40 years should be screened for cardio-
vascular risk,¥ we investigated the risk of SLE in patients
aged =40 years using statins. SLE is typically a disease of young
women, and we cannot conclude that there is no effect of statins
on the risk of developing SLE in young women (ie, <40 years).

We had no information on dietary intake, physical activity
and race/ethnicity. Since our study was performed in the UK
with a predominantly Caucasian population, knowledge of
race/ethnicity may be relevant in other studies as SLE occurs
more frequently in blacks.** Also, we had limited data on
lipid, blood pressure and glucose levels, and inflammatory
markers (eg, C reactive protein) which all could be poten-
tially confounders. Our subgroup analyses were limited
by limited number of patients and statistical power, and it
is likely that some patients with hyperlipidaemia, hypergly-
caemia or high blood pressure levels were misclassified. This
misclassification typically leads to an underestimate of the
treatment effect. Also, ascertainment bias may have occurred
as patients starting statin therapy may have had more visits
to the general practitioner and blood tests than non-users,
thereby increasing the likelihood of detecting more abnor-
malities (eg, SLE).* ** Nonetheless, our study did not show
an increased risk of developing SLE in current statin users
who continued the therapy for <1year. Another limitation
was that SLE may have been present and was not well docu-
mented before the start of statin use. We defined the onset
date of SLE by the first medical record for SLE, but the onset
date of symptoms is unknown in our study. The median time
between onset of symptoms to diagnosis of SLE of may be as
long as 2years.”! Our sensitivity analysis where we excluded
the 2 years following the initiation of statin treatment showed
similar results with regard to long-term statin use and the risk
of developing SLE.

In summary, this is the first observational study assessing the
risk of developing SLE with changes in statin exposure over
time. We found that current statin use is not associated with an
increased risk of developing SLE among patients aged =40 years.
We observed a decreased SLE risk among current statin users
who continued their therapy for >1year, but further research is
needed to substantiate this signal of a long-term effect of statin
on SLE risk.
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