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Abstract
Objective 

Systemic lupus erythematosus (SLE) patients are considered as a high-risk population for cardiovascular diseases 
(CVDs). To explore whether their risk is increased already in preclinical episodes of the disease, we have studied the 
usage of CVD drugs in incident SLE cases five years before diagnosis of SLE compared to the population controls.

Methods 
Adult SLE incident patients (age ≥18 years) from 2004 through 2014 were identified from a nationwide register. The date 
of granted reimbursement for SLE medication was defined as the date of diagnosis (index day). For each patient, three 
population controls were matched for age, sex and residence on the index day. The patients and controls were linked to 
the drug purchase register. All purchases of CVD drugs (Anatomical Therapeutic Chemical (ATC) - codes of C01-C04, 

C07-C09) and separately C10 were recorded in half-year periods over five years before the index day.

Results 
A total of 653 SLE patients (mean age 45.7±15.9 years, 83% females) and 1924 population controls were found. 

Over five years before the index day, the proportion of SLE patients with purchased CVD drugs (46.7%) was greater 
compared to the controls (28.5%) (p<0.001). The relative risk for purchases started to increase more steeply during the 

last half-year period before SLE diagnosis. There was no significant difference in lipid-modifying agents between groups.

Conclusion 
Our finding that among SLE patients the use of CVD drugs was more common compared to their control population 

suggests increased CVD risk already before the diagnosis of SLE. 
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Introduction
Systemic lupus erythematosus (SLE) 
is a heterogeneous autoimmune dis-
ease, in which the likelihood of future 
cardiovascular disease (CVD) is higher 
than in the general population (1). In 
addition to traditional risk factors for 
CVDs, the disease-related factors like 
antibodies against endothelium, inflam-
mation and robust atherosclerosis have 
central roles in the process (2). SLE and 
atherosclerosis also share similarities in 
their pathogenesis (3), which raises a 
question if atherosclerosis is a feature 
of disease itself rather than a distinct 
comorbidity.
It is well-documented that CVDs and 
CVD- related mortality in SLE are al-
ready seen in early disease course (4-
6). The early stages of the pathogenesis 
of SLE and atherosclerosis are under 
ongoing research which may offer po-
tential therapy targets later on (7-9). 
Earlier studies have confirmed that the 
disease process in autoimmune diseases 
like SLE starts years before diagnosis 
(10). Possibly the process of accelerat-
ed atherosclerosis is also turned on the 
years preceding diagnosis as the rate of 
cardiovascular events is increased soon 
after SLE diagnosis. 
Initially, we hypothesised that there is 
a relationship between prevalence of 
CVDs and the frequency of usage of 
CVD drugs. We have previously shown 
in the cohort of incident SLE patients 
from years 2000–2007 in Finland, that 
SLE patients used significantly more 
often drugs for CVDs within the first 
year after diagnosis (11). Now the ob-
jective of the study was to find out if the 
purchases of cardiovascular medicines 
differed from the population controls 
already before SLE diagnosis.

Material and methods
The study took advantage of the register 
of new special reimbursements for drug 
cost in SLE between the years 2004 and 
2014 and the drug purchase register, 
both maintained by the Social Insur-
ance Institution (SII) of Finland. The 
patient identification method and reim-
bursement protocol are explained in de-
tail in the earlier study (11). The study 
concentrated on adult patients (age ≥18 
years). For each incident SLE patient, 

three controls individually matched 
with regard to age, gender, and place of 
residence were randomly selected from 
the Population Register Centre. Twen-
ty-two of the controls were excluded 
due to concomitant rheumatoid arthritis 
diagnosis. The dates (month and year) 
when the decision regarding the special 
refund for anti-rheumatic drugs took 
effect was used as a proxy indicator of 
the date of SLE diagnosis, which is the 
index date in this study. 
For SLE patients and their controls, 
purchases of drugs of cardiovascular 
system were observed in half-year pe-
riods over five years before the index 
date. These drugs were selected from 
the drug purchase register by their Ana-
tomical Therapeutic Chemical (ATC) – 
classification system codes and the se-
lected categories were as follows: C01 
cardiac therapy, C02 antihypertensives, 
C03 diuretics, C04 peripheral vasodi-
lators, C07 beta-blocking agents, C08 
calcium channel blockers, C09 agents 
acting on the renin-angiotensin system 
and C10 lipid-modifying agents. Pur-
chase of the selected drug at least once 
was interpreted as a sign of pathology 
of a disease that needed to be treated. 
Whether the patient sustained on the 
purchased drug could not be confirmed. 
This study was performed in accord-
ance with the Regional Medical and 
Health Research Ethics regulations 
and as the study used only unidenti-
fiable, encrypted patient data, there 
was no need for ethical approval. The 
data permit was received from the SII 
(74/522/2013).

Statistical methods
Time-to-event analysis was based on 
the product limit estimate (Kaplan-
Meier) of the cumulative survival func-
tion. Relative risk (RR) and 95% con-
fidence intervals (CI) were calculated 
using generalised linear models with 
appropriate distribution and link func-
tion. Stata 15.1 (StataCorp LP; College 
Station, Texas, USA) statistical pack-
age was used for the analysis.

Results
A total of 653 adult SLE patients (540 
females) and 1924 population con-
trols were identified between the years 
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2004–2014 in Finland. Mean age at 
diagnosis was 45.3±15.7 years for fe-
males and 48.2±15.9 years for males. 
The proportion of SLE patients with 
purchased CVD drugs (46.7%) was 
greater compared to their population 
controls (28.5%) (p<0.001) (Table I). 
Among SLE patients, there was no sig-
nificant difference in purchases of drugs 
between genders. SLE patients had 
purchased higher proportions of CVD 
drugs almost in all selected ATC-code 
categories (C01-C03 and C07-C09) 
compared to controls. The highest RRs 
were in calcium channel blockers and 
agents acting on the renin-angiotensin 
system. There was no significant dif-
ference in purchases of lipid-modifying 
agents between the groups. Also, SLE 
patients did not have any purchases of 
peripheral vasodilators prior to diagno-
sis (ATC- code C04). 
Figure 1 illustrates the difference in pur-
chases of CVD drugs in SLE patients 
in half-year periods over five years be-
fore index day and in age-, gender- and 
residence-matched controls. The right 
image shows the RR for purchases of 
CVD drugs over 5 years before SLE 
diagnosis in SLE patients. The RR for 
purchases started to increase further 
half a year before SLE diagnosis.

Discussion
The key finding of this nationwide 
study is that among SLE patients the 
use of CVD drugs was more common 
compared to the population controls 
already 5 years before the SLE diagno-
sis. This finding suggests that SLE pa-
tients have an increased risk for CVDs 
already before the diagnosis of SLE is 

confirmed. Interestingly, the difference 
was not seen in the purchases of lipid-
lowering agents before diagnosis. 
When comparing the present results to 
the earlier data on CVDs in SLE with 
different study methods, many similari-
ties can be seen in the latest studies. A 
Canadian, population-based study ana-
lysed the hazard of CVDs in 4 863 early 
SLE patients compared to 49 316 popu-
lation controls in the years 1996–2010. 
Within the first year of diagnosis, the 
overall risk for myocardial infarction 
(MI), stroke and CVD was six times 
higher in SLE patients than in controls. 
Although the hazard for future CVD 
stayed high at least five years since di-
agnosis, it was the highest during the 

first year of the disease. In that study, 
the increased risk was not related to tra-
ditional risk factors (4). 
In the systemic lupus international col-
laborating clinics (SLICC) atheroscle-
rosis inception cohort study (2000–
2014) 1 848 patients were followed 
almost nine years since study entry. 
Altogether 31 patients experienced MI 
during follow-up. Seven of them had it 
in the two years after disease onset and 
16 subjects beforehand, approximately 
6 years preceding diagnosis. The occur-
rence of MI in the age group of 40 –49 
year-old patients was compared to self-
reported MIs of the study population in 
Canadian Community Health Survey 
in Ontario in the same age group. SLE 

Table I. The proportions of purchasers of CVD drugs and their relative risks among incident SLE patients (diagnosed 2004-2014) within 
whole five-year period prior to SLE diagnosis compared to age-, gender-, and residence-matched population controls in Finland.

Drug category ATC-code Controls Patients RR (CI 95%) p-value
  n=1924 (%) n=653 (%)  

Cardiac therapy C01 126  (6.5) 62  (9.5) 1.50  (1.09 to 2.06) 0.012
Anti-hypertensives C02 10  (0.5) 13  (2.0) 3.89  (1.70 to 8.91) 0.001
Diuretics C03 173  (9.0) 103  (15.8) 1.90  (1.46 to 2.46) <0.001
Peripheral vasodilators C04 4  (0.2) -   - 0.244
Beta-blocking agents C07 325  (16.9) 176  (27.0) 1.82  (1.47 to 2.24) <0.001
Calcium channel blockers C08 148  (7.7) 125  (19.1) 2.84  (2.20 to 3.67) <0.001
Agents acting on the renin-angiotensin system C09 261  (13.6) 160  (24.5) 2.07  (1.66 to 2.58) <0.001
Drugs for cardiovascular system C01-C09 549  (28.5) 306  (46.7) 2.21  (1.84 to 2.65) <0.001
Lipid-modifying agents C10 259  (13.5) 88  (13.5) 1.00  (0.77 to 1.30) 0.992

ATC: anatomic therapeutic chemical; SLE: systemic lupus erythematosus; CVD: cardiovascular disease; n: number; % percentage; RR: relative risk.

Fig. 1. Purchases of cardiovascular disease (CVD) drugs over 5 years before systemic lupus erythema-
tosus (SLE) diagnosis in SLE patients and in age-, gender- and residence-matched controls (left image) 
and relative risk for purchases of CVD drugs in SLE patients in half-year periods 5 years before SLE 
diagnosis (right image). Lipid-modifying agents are not included into CVD medication in this figure. 
Grey areas illustrate 95% confidence intervals.
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patients (4.8%) suffered from MI more 
often than controls (0.7%) The main 
things behind the excess risk for MI 
were smoking, hypercholesterolaemia, 
hypertension and age (12).
Likewise, Bartels et al. have shown in 
a retrospective population-based study 
from north-central Wisconsin that 70 
incident SLE patients from years 1991–
2008 got almost four times (odds ratio: 
3.8) more often CVD than 2 565 popu-
lation controls within 2 years prior to 
SLE diagnosis (6). All these previously 
mentioned studies confirm that in the 
early SLE patients – prior or soon after 
the diagnosis – the likelihood of future 
cardiovascular events is substantially 
elevated, possibly due to accelerated 
atherosclerosis (4, 6, 12). Although the 
present study approached the CVDs in-
directly through the evaluation of pur-
chased CVD drugs, the message is still 
the same. 
This raises a question on how to iden-
tify the individuals at a greater risk for 
CVDs. There is a growing body of evi-
dence that SLE patients have an early, 
accelerated, subclinical atherosclero-
sis (13, 14). It has been reported that 
vascular stiffness and endothelial dys-
function display asymptomatic athero-
sclerosis and these can be measured by 
imaging techniques like B or M- mode 
ultrasound by determining carotid inti-
ma-media thickness (IMT) and carotid 
plaques (15, 16). However, this is not 
possible at the population level. In the 
Finnish Current Care Guidelines for 
treating dyslipidaemia, the target levels 
for low density lipoprotein (LDL) cho-
lesterol differ according to the evaluat-
ed CVD risk (17). The higher risk could 
not be recognised in our future SLE 
patients. This may explain why lipid-
lowering agents were not prescribed 
more often. It is also known that LDL 
alone does not reflect the risk of ath-
erosclerosis in SLE that well (18, 19). 
There has been substantial research on 
the role of active disease and alterations 
of lipid levels and profile on acceler-
ated atherosclerosis (20-22). It has been 
demonstrated that early active disease 
is related to higher levels of triglycer-
ides and very low-density lipoprotein 
(VLDL) – cholesterol and lower levels 
of high-density lipoprotein (HDL) –

cholesterol (21). Also, HDL in SLE pa-
tients seems to have pro-inflammatory 
properties (22). 
Instead, high blood pressure and symp-
tomatic coronary artery disease are 
more easily to recognise. The broader 
use of CVD drugs was clearly seen in 
the present study in SLE patients versus 
controls during the whole five years of 
observation. The role of hypertension in 
atherosclerosis in SLE patients is two-
sided. High blood pressure is one of the 
most important traditional risk factors 
for CVDs and atherosclerosis partly 
due to endothelial damage it causes 
into vessels in various ways (23-25). In 
SLE, hypertension can also be related 
to lupus nephritis (24, 26). On the other 
hand, high mean blood pressure has 
been shown to be one of the best indi-
cators of arterial stiffness, which again 
reflects subclinical atherosclerosis (27). 
Hence, hypertension is a risk factor and 
a sign for atherosclerosis. 
In the present study, purchases of CVD 
drugs started to increase more rapidly 
half a year preceding the clinical diag-
nosis. One possible explanation is ex-
panding inflammation, which has been 
found to stimulate atherosclerosis and 
thereby exacerbate CVDs. Previous data 
have shown that SLE-related risk fac-
tors for CVDs influence especially on 
early phases of atherosclerosis (16, 28). 
Instead, traditional Framingham risk 
factors like high blood pressure, dyslipi-
daemia, diabetes and body mass index 
have a more prominent role in the long 
run (28). Hypertension, diabetes mel-
litus, lower levels of HDL and higher 
levels of LDL have been more frequent 
in SLE patients (29). A recent Swedish 
study reported a higher incidence of MI 
in those SLE patients who smoked at di-
agnosis and a higher incidence of both 
MI and cerebrovascular event in those 
patients who were hypertensive at the 
time of SLE diagnosis (30).  
In addition, early acceleration of CVDs 
is seen typically in those patients con-
tracting SLE at an older age (6, 31), 
which is not uncommon in Nordic coun-
tries (11, 32). In this study, the mean age 
at diagnosis of SLE was 46 years.
The strength of the present study is that 
it uses nationwide and reliable register 
data. The comparison to the general 

population is comprehensive as it in-
cludes all permanent residents in Fin-
land available for population controls. 
One limitation of this study is that we 
do not have data on what indications the 
CVD drugs were originally prescribed. 
The higher proportion of purchases of 
calcium channel blockers in SLE pa-
tients could be theoretically explained 
by the Raynaud’s phenomenon. Never-
theless, even higher proportions of SLE 
patients purchased beta-blockers than 
calcium channel blockers. Secondly, as 
the study is register-based, it lacks clin-
ical data. Thus, it was not possible to 
evaluate disease activity at baseline or 
delay to diagnosis. However, it is likely 
that immunological changes of disease 
were present years before diagnosis.
Based on results of the present study 
and previous reports, the risk of CVDs 
starts to increase already in early SLE 
disease. In future studies, it would be 
worthwhile to concentrate on the role 
of hypertension in atherosclerosis in 
early SLE patients in a prospective set-
ting. In clinics, the high likelihood for 
future CVDs in early SLE patients de-
serves more attention to prevention im-
mediately after the diagnosis of SLE is 
confirmed.
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