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OBJECTIVE

To evaluate the effect of lipid-lowering therapy (LLT) in primary prevention
on cardiovascular disease (CVD) and death in type 1 diabetes.

RESEARCH DESIGN AND METHODS

We used the Swedish National Diabetes Register to perform a propensity score–
based study. Propensity scores for treatment with LLT were calculated from 32
baseline clinical and socioeconomic variables. The propensity score was used to
estimate the effect of LLT in the overall cohort (by stratification). We estimated
risk of acutemyocardial infarction, stroke, coronary heart disease, and cardiovascular
and all-cause mortality in individuals with and without LLT using Cox regression.
A total of 24,230 individuals included in 2006–2008 with type 1 diabetes without a
history of CVD were followed until 31 December 2012; 18,843 were untreated and
5,387 treated with LLT (97% statins). The mean follow-up was 6.0 years.

RESULTS

The propensity score allowed balancing of all 32 covariates, with no differences
between treated and untreated after accounting for propensity score. Hazard
ratios (HRs) for treated versus untreated were as follows: cardiovascular death
0.60 (95% CI 0.50–0.72), all-cause death 0.56 (0.48–0.64), fatal/nonfatal stroke
0.56 (0.46–0.70), fatal/nonfatal acute myocardial infarction 0.78 (0.66–0.92),
fatal/nonfatal coronary heart disease 0.85 (0.74–0.97), and fatal/nonfatal CVD
0.77 (0.69–0.87).

CONCLUSIONS

This observational study shows that LLT is associated with 22–44% reduction in
the risk of CVD and cardiovascular death among individuals with type 1 diabetes
without history of CVD and underlines the importance of primary prevention with
LLT to reduce cardiovascular risk in type 1 diabetes.

People with type 1 diabetes have a documented shorter life expectancy than the
general population without diabetes (1). Cardiovascular disease (CVD) is the main
cause of the excess morbidity and mortality, and despite advances in management
and therapy, individuals with type 1 diabetes have a markedly elevated risk of
cardiovascular events and death compared with the general population (2).
Lipid-lowering treatment with hydroxymethylglutaryl-CoA reductase inhibitors

(statins) prevents major cardiovascular events and death in a broad spectrum of
patients (3,4). The Cholesterol Treatment Trialists’ Collaborators (CTT) meta-analysis
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of statins in 18,686 subjectswith diabetes
(type 1 and 2) demonstrated 21% reduc-
tion in major cardiovascular events for
each 1.0 mmol/L (38.7 mg/dL) reduction
in LDL cholesterol (5). The efficacy and
safety of statins have shaped guidelines
to advocate liberal prescribing and low
thresholds for instituting therapy. The
2013 American College of Cardiology/
American Heart Association cholesterol
guidelines recommend moderate statin
therapy for primary prevention of athero-
sclerotic CVD in individuals with type 1
diabetes aged 40–75 years with LDL
cholesterol 70–189 mg/dL. They recom-
mended use of an estimated 10-year
risk score for atherosclerotic CVD
$7.5% to help in the decision to con-
sider high-intensity statin therapy (6).
National Institute for Health and Care

Excellence guidelines on lipidmodification
in primary prevention of CVD, updated
July 2014, suggest statin treatment be
considered in all adults with type 1 di-
abetes and offered to all who are older
than 40 years or who have had diabetes
for .10 years (7).
The recommendations for patients

with type 1 diabetes are principally
based on subgroup analyses and extrap-
olations of the effects demonstrated in
other populations. The CTT study was a
meta-analysis including 1,466 patients
with type 1 diabetes; mean age was 55
years, and 56% had a history of stroke,
myocardial infarction, or peripheral artery
disease. This is not representative for the
patient population with type 1 diabetes
that could be eligible for primary pre-
vention with statins (5). Furthermore,
the trial data are now up to 20 years
old and diabetes management has
changed considerably since. No study
has thus far examined the effect of
lipid-lowering medication in primary pre-
vention in type 1 diabetes.
We hypothesized that primary pre-

vention with lipid-lowering therapy
(LLT) can reduce the incidence of cardio-
vascular morbidity and mortality in indi-
viduals with type 1 diabetes. The aim of
the study was to examine this in a nation-
wide longitudinal cohort study of patients
with no history of CVD.

RESEARCH DESIGN AND METHODS

Study Design and Setting
The Swedish National Diabetes Register
(NDR) was initiated in 1996 as a tool for
local quality assurance and as a feedback

tool in diabetes care. Roughly 95% of all
individuals age 18 years and older with
type 1 diabetes in Sweden are included.
Data are provided by nurses and physi-
cians trained in register procedures and
obtained at visits in outpatient clinics
of hospitals nationwide. The study was
approved by the regional ethics review
board at the University of Gothenburg,
Gothenburg, Sweden. All patients give
informed consent before inclusion in
the NDR.

Study Cohort
We identified 27,133 individuals with
type 1 diabetes who had at least one
listing in the NDR between 1 January
2006, and 31 December 2008. Type 1
diabetes was defined on the basis of
epidemiologic data: treatment with insu-
lin alone and a diagnosis at the age of
30 years or younger. We excluded 2,186
individuals with a history of CVD and
another 717 individuals owing to miss-
ing data regarding use of statins on the
index observation. The remaining
24,230 individuals were included. In
the overall cohort, there were 18,843
untreated and 5,387 treated with lipid-
lowering medication. We also included
a one-to-one matched cohort with 4,025
untreated and 4,025 treated with
lipid-lowering medication. A flow-
chart of the study design is presented
in Supplementary Fig. 1.

Examinations at Baseline
Index date for each patient was the date
at inclusion, at which time use of lipid-
lowering medication and all other base-
line characteristics were assessed. Earlier
studies from the NDR have shown that
.97% of the patients given lipid-lowering
medication are treated with statins (8).
Thirty-two baseline variables were used
to estimate the propensity score. Age,
sex, duration of diabetes, and age at on-
set of diabetes were assessed. Data on
income in Swedish kronor (latest annual
income, not adjusted for inflation), high-
est educational level, country of birth,
and marital status were retrieved from
the Longitudinal Integration Database
for Health Insurance and Labor Market
Studies, which is an official database
administered by Statistics Sweden.
Education was stratified into lower
(#9 years), intermediate (10–12 years),
and higher (college/university). Immigrant
status was defined as Swedish native or
immigrant, depending on country of birth.

Marital categories were single (defined
as never married and not cohabiting),
married/cohabiting, divorced, orwidowed.

Glycemic control was measured as
HbA1c. Analyses were quality assured
nationwide by regular calibration with
the high-performance liquid chromatogra-
phy Mono-S method and then converted
to millimoles per mole (International
Federation of Clinical Chemistry) (9).
Triglycerides and LDL, HDL, and total
cholesterol were measured in millimoles
per liter. LDL cholesterol values were
calculated using Friedewald formula:
LDL cholesterol = total cholesterol –
HDL cholesterol – (0.453 triglycerides),
if triglycerides ,4.0 mmol/L (10). Mi-
croalbuminuria was defined as two posi-
tive tests out of three samples taken
within a year, with albumin-to-creatinine
ratio 3–30 mg/mmol or urinary albu-
min 20–200 mg/min or 20–300 mg/L,
and macroalbuminuria was defined as
albumin-to-creatinine ratio.30mg/mmol
or urinary albumin .200 mg/min or
.300 mg/L. Glomerular filtration rate
(eGFR) was estimated with the MDRD
equation (11). Systolic and diastolic blood
pressure (BP) were calculated as the
means of two supine readings (Korotkoff
1–5) with a cuff of appropriate size and
after at least 5minof rest. Anthropometric
measures assessed were waist circum-
ference (cm), weight (kg), and height
(m). BMI was calculated as weight in kilo-
grams divided by the square of height in
meters. Method of insulin delivery was
defined as either multiple daily injections
or use of continuous subcutaneous insulin
infusion. Use of lipid-lowering medica-
tions, antihypertension medications, and
aspirin was dichotomized. Smoking was
coded as present if the patient was a cur-
rent smoker. Physical activity was graded
from 1 to 5; never (level 1), less than 1
time per week (level 2), 1–2 times per
week (level 3), regular 3–5 times per
week (level 4), or daily (level 5), where
“time” denotes periods of at least 30min.

Comorbidities and events were col-
lected before baseline examination and
during follow-up by linking data from
theNDR to the Swedish Inpatient Registry
(IPR) and the Causes of Death Registry.
The IPR was initiated in the 1960s and
has nationwide coverage since 1987.
It includes mandatory information on
all principal and secondary hospital dis-
charge diagnoses. The ICD system is
used to classify diagnoses in the IPR.
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Sensitivity and specificity for diagnoses
of acute myocardial infarction (AMI),
coronary heart disease (CHD), hospital-
ization for heart failure, atrial fibrillation,
and stroke have been validated (12,13).
The following comorbidities were as-
sessed: heart failure (ICD-10 code I50,
ICD-9 code 428), atrial fibrillation (ICD-10
code I48, ICD-9 code 427D), any cancer
(ICD-10 codes C00–C97, ICD-9 codes
140–208), liver disease (ICD-10 codes
K70–74), and mental disorders (ICD-10
codes F20–29 and F30–39); for renal di-
alysis and transplantation, the following
codes were used: V42A, V45B, V56A,
and V56 W (ICD-9) and Z94.0, Z49, and
Z99.2 (ICD-10). Stage 5 chronic kidney dis-
ease was defined as the need for renal
dialysis or renal transplantation or as
an eGFR of,15 mL/min. Previous ampu-
tations were assessed via the NDR and
the IPR.

Follow-up and End Points
Nonfatal CHD was defined as nonfatal
myocardial infarction (ICD-10 code I21),
unstable angina (ICD-10 code I20.0),
percutaneous coronary intervention,
and/or coronary artery bypass grafting.
Fatal CHD was defined as ICD-10 codes
I20–I25. Stroke was defined as nonfatal
or fatal cerebral infarction, intracerebral
hemorrhage, or unspecified stroke (ICD-
10 codes I61–I64). CVD was defined as
the composite of CHD or strokedwhich-
ever came first. Cardiovascular mortality
was defined as I00–I99. All individuals
were followed from the baseline exami-
nation until a first incident event or death
or, otherwise, until censordate 31Decem-
ber 2012. Mean (SD) follow-up was 6.0
(1.0) years, with 146,553 person-years
of follow-up.

Statistical Methods
A propensity score for treatment with
lipid-lowering medication was estimated
with logistic regression using all 32 base-
line variables. The propensity score is the
conditional probability of being treated,
given the baseline characteristics. It is
used to balance the covariates in the two
groups in order to allow for causal infer-
ence (14). All continuous variables were
modeled using restricted cubic splines
with 3 df. Missing data were handled by
means of multiple imputation; we used
the multiple imputation by chained equa-
tions algorithm to impute 10 complete
data sets and then calculated a propensity
score in each complete data set (15). The

average of the 10 propensity scores was
used in the analysis.

We used the propensity score to
perform a stratified analysis in the over-
all cohort and to perform a matched
analysis. The matched procedure pro-
vides estimates of the mean treatment
effect on the treated individuals (i.e.,
the mean effect of LLT on subjects who
received LLT), while the analysis in the
overall cohort provides estimates of the
mean treatment effect (i.e., the mean
effect of moving the entire population
with type 1 diabetes from untreated to
treated with lipid-lowering medication).
We emphasize the stratified analysis,
since it explores our main research
question, namely, the benefit of pre-
scribing LLT to individuals with type 1
diabetes not on such treatment.

Matching was done without replace-
ment using a caliper width of 0.01. This
caliper yielded the greatest overlap
between the two groups in the distribu-
tion of propensity score (Supplementary
Fig. 2). The matching procedure ex-
cluded 1,362 treated patients, leaving
4,025 treated individuals, who were
matched to 1 control subject (not treat-
ed with lipid-loweringmedication) each.
Using a wider caliper (we tested calipers
from 0.5 to 0.01) did not substantially
reduce the number of excluded individ-
uals but affected covariate balance, as
judged by distribution of the propensity
score. As evident from Supplementary
Fig. 2, the distributions of propensity
scores among treated and untreated in
thematched cohort are perfectly aligned.

The ability of the propensity score to
balance baseline characteristics was
assessed by standardized differences,
which is the difference in percentage
between the means for the groups
divided by themutual SD. Standard differ-
ences of,10% (in absolute values) were
considered nonsignificant (16). Standard-
ized mean differences are additionally
presented for a one-to-one matched co-
hort (with replacement) without a caliper
defined. As a measure of balance, we
have calculated a variance ratio, which is
the mean ratio of the variance of a vari-
able in treated subjects to the variance of
the variable in the untreated subjects.
The variance ratio should equal 1.0 if
there is a perfect balance. Survival analy-
ses were performed by Cox regression.

Crude event rates per 1,000 person-
years, with exact Poisson CIs of 95%,

were calculated for eachoutcome. Kaplan-
Meier plots for all outcomeswere obtained
in the matched cohort. Cox regression was
also performed in the overall cohort (n =
24,230) by stratifying on the propensity
score, using eight strata.

RESULTS

Patient Characteristics at Baseline
Table 1 gives baseline characteristics
for the overall cohort and the matched
cohort. In the overall cohort, 18,843 did
not have LLT, while 5,387 were treated
with such medication. People with LLT
were older, had longer diabetes dura-
tion, more often used antihypertension
medication, and had a slightly higher
HbA1c. There were crude differences
between the groups at baseline, but
the propensity score allowed for satis-
factory balancing of all 32 covariates,
and there were no differences between
treated and untreated in the matched
cohort.

Absolute Risk of Events
The absolute risks of events in the over-
all and the matched cohort are given in
Table 2. In the overall cohort, people on
LLT had roughly four times higher crude
event rates than the untreated patients.
In the matched cohort, there were 17.3
and 18.2 fatal/nonfatal CVD events per
1,000 person-years among untreated
and treated patients, respectively. For
all-cause death, there were 13.2 and
9.9 deaths per 1,000 person-years
among untreated and treated, respec-
tively. These differences were reflected
in the Kaplan-Meier curves (Fig. 1 and
Supplementary Figs. 3–7).

Hazard Ratios for Events
Hazard ratios (HRs) for treated versus
not treatedwith lipid-loweringmedication
in the overall and in the matched cohort
with type 1 diabetes are given in Fig. 2.
HRs in the overall cohort (lipid-lowering
medication vs. no lipid lowering medi-
cation) were significant for all outcomes:
for cardiovascular death, 0.60 (95% CI
0.50–0.72); for all-cause death, 0.56
(0.48–0.64); for fatal/nonfatal stroke,
0.56 (0.46–0.70); for fatal/nonfatal AMI,
0.78 (0.66–0.92); and for fatal/nonfatal
CHD 0.85 (0.74–0.97).

HRs in the matched cohort (lipid-
lowering medication vs. no lipid lowering
medication) were significant only for
all-cause death 0.74 (95% CI 0.62–0.88)
(Fig. 2).
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CONCLUSIONS

This nationwide observational study of
patients with type 1 diabetes in Swedish
clinical practice with a mean follow-up
of 6 years shows that treatment with
lipid-lowering medication in primary
prevention reduces the incidence of
cardiovascular death, all-cause death,
CVD, stroke, CHD, and AMI among indi-
viduals with type 1 diabetes. To our
knowledge, this is the first study to ex-
plore the effect of lipid-lowering medi-
cation among persons with type 1
diabetes with no previous CVD. We re-
port that the risk of all-cause death and
stroke in the overall cohort was almost
halved for persons on LLT. The risk of
cardiovascular death was reduced by
40%, while the reduction for AMI and
CHD was 22% and 15%, respectively.

From theNDR, we can retrieve informa-
tion on whether the individuals included
in the study are treatedwith lipid-lowering
medication but we cannot differentiate
what kind of medication, although a pre-
vious study from the NDR has shown that
.97% of lipid-lowering medication con-
sists of statins (8).

We have estimated the effect of LLT in
the overall cohort as well as in a one-
to-one matched cohort. We think both
analyses add valuable information;
however, the analysis in the overall
cohort addresses the more difficult clin-
ical question of whether individuals who
today are not treated with LLT would
benefit from treatment. The results
from the overall cohort describe the effect
for the whole population if everyone had
been allocated to LLT and clearly shows
that such treatment markedly reduces
the risk for all outcomes.

We observed these findings among
rather young persons with type 1 diabetes
(overall mean age 39.4 years). The analysis
in the overall cohort indicates that treating
such a population with diabetes with LLT
could substantially reduce cardiovascular
morbidity and mortality. This is notewor-
thy, since current guidelines recommend
prescribing LLT to patients aged 40 years
or older. However, our analyses did not
specifically examinepatients aged40years
or younger due to the relatively fewevents
in that age range (there were 92 deaths
among patients aged 40 years or below).

Results from the matched cohort, on
the other hand, show the effect of lipid-
lowering medication among those who
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actually received treatment compared
with untreated control subjects. The
protective effect of LLT was much less
evident in the matched cohort. We be-
lieve this is due to exclusion of treated
patients who were at the highest risk of
events and would thus have had greatest
benefit from treatment. Hence, the
matched cohort constitutes subgroups
of the original groups, since the matching
procedure excluded a substantial propor-
tion of individuals in both the treated and

untreated populations. This explanation
is confirmed by Supplementary Fig. 8,
which shows that those who were ex-
cluded from the matched analysis had
very high propensity scores. Nevertheless,
this analysis showed a 26% reduction in
risk of all-cause death for persons with
type 1 diabetes on primary prevention
with LLT. Treated and untreated patients
had similar LDL cholesterol levels at
baseline, but the fact that patients on
LLT have presumably been exposed to

higher LDL cholesterol levels prior to in-
clusion in the study could explain the
findings that LLT was not associated
with a reduced risk of cardiovascular
outcomes in all analyses.

There are studies, both interventional
and observational, proving that hyperlip-
idemia has a crucial role in the process of
atherosclerosis and development of CVD
(17,18). There is convincing support for
LLT with statins in reducing the incidence
of cardiovascular events in the general
population and in people with type 2
diabetes, with a history of CVD, but
also in primary prevention (19–21). An
updated Cochrane review from 2013
including 18 randomized control trials
of statin treatment in primary prevention
showed statistically significant reductions
in all-cause mortality, CVD, and stroke.
It concludes that statins, even in the
primary prevention setting, are likely
to be cost-effective with the potential
to improve patient quality of life (4).
Current guidelines for LLT in type 1 di-
abetes are based on extrapolations
from randomized controlled trials in
individuals with type 2 diabetes, some-
times including a small cohort of patients
with type 1 diabetes, or the general pop-
ulation, and often not representative in
other aspects such as age and concurrent
diseases (4,5).

Since trial-based data on the effect of
LLT for primary prevention of CVD and
cardiovascular death in individuals with
type 1 diabetes are scarce, we believe
that this observational study adds im-
portant information. Our study shows
convincing effects of LLT in preventing
all cardiovascular end points, even if
the effect on reducing cardiovascularFigure 1—Kaplan-Meier curves for all-cause death in the matched cohort.

Table 2—Incidence rates of all outcomes in the overall and matched cohort

Fatal/nonfatal
CVD

Fatal/nonfatal
CHD

Fatal/nonfatal
AMI

Fatal/nonfatal
stroke CV death Total death

n*
Rate

(95% CI)† n
Rate

(95% CI) n
Rate

(95% CI) n
Rate

(95% CI) n
Rate

(95% CI) n
Rate

(95% CI)

Overall cohort
Untreated 645 5.72

(5.29, 6.18)
477 4.23

(3.86, 4.63)
315 2.8

(2.5, 3.12)
206 1.83

(1.59, 2.1)
253 2.25

(1.98, 2.54)
493 4.38

(4.0, 4.78)
Treated 707 22.98

(21.32, 24.74)
568 18.46

(16.98, 20.05)
374 12.16

(10.96, 13.45)
188 6.11

(5.27, 7.05)
276 8.97

(7.94, 10.09)
412 13.39

(12.13, 14.75)

Matched cohort
Untreated 405 17.31

(15.67, 19.08)
307 13.12

(11.69, 14.67)
202 8.63

(7.48, 9.91)
124 5.30

(4.41, 6.32)
178 7.61

(6.53, 8.81)
310 13.25

(11.82, 14.81)
Treated 428 18.25

(16.56, 20.06)
339 14.45

(12.96, 16.08)
209 8.91

(7.74, 10.2)
117 4.99

(4.13, 5.98)
149 6.35

(5.37, 7.46)
232 9.89

(8.66, 11.25)

*Number of events. †Rate denotes incidence rate per 1,000 patient-years; exact Poisson CIs of 95% were used.
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morbidity, except for stroke, was lesser
than the effect on cardiovascular death
and all-cause death. The mean age of
the individuals with treatment in the
overall cohort and the matched cohort
was 50 and 48 years and diabetes dura-
tion 34 and 32 years, respectively, and

perhaps we need to start to take pre-
ventive measures earlier to be able
to prevent cardiovascular morbidity.
Could it be that we are mitigating the
fatal effects of CVD but that we are too
late in protecting against the effects of
early development of atherosclerosis in

our patients with type 1 diabetes? Stud-
ies examining benefit of statins in youn-
ger patients with type 1 diabetes are
lacking, and we need more research in
this area. Meanwhile, an emphasis on
good risk factor control also in young
patients seems warranted.

Figure 2—Effect of LLT in the overall cohort (n = 24,230) and in the matched cohort (n = 8,050). CV, cardiovascular. (A high-quality color
representation of this figure is available in the online issue.)
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The strength of this study is the large
sample size of patientswith type 1 diabetes
in clinical practice studied in a real-life set-
ting and with a prospective approach, with
detailed information on clinical character-
istics as well as socioeconomic factors and
laboratory measures. Obvious limitations
are its nature as an observational study
and the possibility of unknown confoun-
ders that we have not controlled for. There
is always a risk for residual confounding;
however, we have adjusted for most
of the established CVD risk factors in our
model and also balanced the cohort ac-
cording to socioeconomic status. Also, we
didnot in this studyexamine thestatindoses
or degrees of LDL cholesterol lowering.

Summary
This observational study shows that LLT
is associated with 22–44% reduction in
the risk of CVD and cardiovascular death
among individuals with type 1 diabetes
without history of CVD. This is the first
large observational study underlining
the importance of intervention with
LLT in primary prevention to reduce car-
diovascular risk in type 1 diabetes.
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