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Cardiovascular and Renal Disease
Burden in Type 1 Compared With
Type 2 Diabetes: A Two-Country
Nationwide Observational Study

Diabetes Care 2021;44:1211-1218 | https.//doi.org/10.2337/dc20-2839

OBJECTIVE

Type 1 diabetes (T1D) and type 2 diabetes (T2D) increase risks of cardiovascular
and renal disease (CVRD) compared with diabetes-free populations. Direct com-
parisons between T1D and T2D are scarce. We examined this by pooling full-pop-
ulation cohorts in Sweden and Norway.

RESEARCH DESIGN AND METHODS

A total of 59,331 patients with T1D and 484,241 patients with T2D, aged 18-84
years, were followed over a mean period of 2.6 years from 31 December 2013.
Patients were identified in nationwide prescribed drug and hospital registries in
Norway and Sweden. Prevalence and event rates of myocardial infarction (M),
heart failure (HF), stroke, chronic kidney disease (CKD), all-cause death, and car-
diovascular (CV) death were assessed following age stratification in 5-year inter-
vals. Cox regression analyses were used to estimate risk.

RESULTS

The prevalence of CV disease was similar in TID and T2D across age strata,
whereas CKD was more common in T1D. Age-adjusted event rates comparing T1D
versus T2D showed that HF risk was increased between ages 65 and 79 years, Ml
between 55 and 79 years, and stroke between 40 and 54 years (1.3-1.4-fold,
1.3-1.8-fold, and 1.4-1.7-fold, respectively). CKD risk was 1.4-3.0-fold higher in
T1D at all ages. The all-cause death risk was 1.2-1.5-fold higher in T1D at age >50
years, with a similar trend for CV death.

CONCLUSIONS

Adult patients with T1D compared with those with T2D had an overall greater
risk of cardiorenal disease (HF and CKD) across ages, Ml and all-cause death at
middle-older ages, and stroke at younger ages. The total age-adjusted CVRD bur-
den and risks were greater among patients with T1D compared with those with
T2D, highlighting their need for improved prevention strategies.

In 2019, an estimated 463 million people worldwide were living with diabetes, and
the global prevalence is projected to increase by ~50% by the year 2045 (1). The
majority have type 2 diabetes (T2D), while 5-10% of patients with diabetes suffer
from type 1 (T1D). The highest incidence rates of T1D can be found in the Scandi-
navian countries, with onset often at a young age and, hence, a long lifetime with
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the disease (2). Globally, cardiovascular
(CV) diseases remain the leading cause
of death (3), and it has been shown
that both T1D and T2D are associated
with markedly increased CV risk com-
pared with populations without diabe-
tes (4-7). In addition to disturbed
glucose metabolism, T2D is linked to the
metabolic syndrome, including obesity,
insulin resistance, hypertension, and
dyslipidemia. These factors are consid-
ered to contribute to the accelerated
atherosclerotic CV and renal disease
(CVRD) development and increased
rates that are seen in T2D (8), especially
represented by cardiorenal disease de-
fined by heart failure (HF) and/or chron-
ic kidney disease (CKD) (9). In contrast,
these risk factors are not as common in
patients with T1D, and their increased
CVRD risk has traditionally been ex-
plained by the degree and duration of
hyperglycemia per se and nephropathy
(10). However, there is a paucity of
studies directly comparing the frequen-
cy of CVRD between the two major
forms of diabetes, so it is not known
whether the risk differs significantly be-
tween these diabetes forms (11,12).

We aimed to directly compare the
prevalence and incidence of CVRD in
patients with T1D and T2D in large, full-
population registries in Sweden and
Norway. Furthermore, the presence of
CKD, besides being an important micro-
vascular diabetes complication, also in
itself is an important risk factor for CV
morbidity and mortality.

RESEARCH DESIGN AND METHODS

Data Sources

The present work is part of a large-scale
initiative to acquire an understanding of
diabetes and its treatment, and it is
based on the Diabetes Swedish Full
Population Study (DAISY) and Diabetes
Norwegian Full Population Study (DAPH-
NE) studies (13-16). Both Sweden and
Norway have comprehensive, nation-
wide public health care systems. All citi-
zens have a unique personal
identification number, which is manda-
tory for administrative purposes, includ-
ing any contact with the health care
system as well as prescribed drug dis-
pensaries, thus providing comprehen-
sive medical information about the
whole population. Individual patient-lev-
el data from the prescribed drug, cause

of death, and national patient registries
covering all hospitalizations and all out-
patient hospital visits, were linked using
the personal identification number but
in a pseudonymized manner. Database
management and study protocols are

described in the Supplementary
Material.
Study Population

All patients with diabetes in Sweden
and all patients >18 years of age in
Norway were identified by using the
prescribed drug and national patient
registries. Subjects between the ages of
18 and 84 years at the index date were
included in the study population. T1D
was defined as having received at least
one prescription of short-acting insulin
from treatment start or within 6
months after start of basal insulin treat-
ment and having a hospital diagnosis of
T1D. To validate our definition of T1D,
we compared our Swedish T1D cohort
with data from the Swedish National Di-
abetes Registry (NDR) (17) and from a
previous Swedish registry-based study
(18) regarding prevalence, incidence,
age distribution, and age at onset for
subjects with T1D. We found strong
agreements between our cohort and
previous data sets in this regard, thus
lending support for a valid classification
tool (see Supplementary Fig. 1A-D for
details).

T2D was defined as having any pre-
scribed blood glucose—lowering drug
dispensed by a pharmacy, except for
subjects defined as having T1D and
those diagnosed with gestational diabe-
tes mellitus or polycystic ovary syn-
drome according to their respective
diagnosis codes in the national patient
registries. Subjects were followed in the
national patient and cause of death reg-
istries until the end of the follow-up pe-
riod or death.

Baseline and Follow-up

The index date was 31 December 2013
for both countries, and the follow-up
period was 3 years for Sweden (until 31
December 2016) and 2 years for Nor-
way (until 31 December 31 2015). This
amounted to a mean follow-up of 2.6
years and 1.0 million person-years.
Baseline comorbidities were searched in
the national patient registries before
the index date, and baseline drug
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treatment was searched in the pre-
scribed drug registries 1 year before the
index date (presented in detail in
Supplementary Tables 2 and 3).

Age-stratified CV and CKD event rates
were calculated during the follow-up
period in each country separately, and
results were then pooled. Because the
effect of disease duration in T1D is
known to have a substantial impact on
the risk of complications (6), we calcu-
lated disease duration for Swedish pa-
tients with TiD and analyzed the
impact of duration on the various out-
comes. Because of registry structure
and limited follow-back time, complete
data on duration of T2D could not be
obtained.

Outcomes

Outcomes were retrieved from in- and
outpatient hospital records. In cases of
inpatient care, diagnoses at the end of
the hospital visit were obtained after
completion of clinical and laboratory in-
vestigations. Codes from the ICD-10
were used, and only the first position as
main diagnosis was considered (for ICD
codes of outcomes, see Supplementary
Table 4). As a sensitivity analysis, all reg-
istered diagnosis codes (i.e., also be-
yond the first position) were searched.
The following outcomes were assessed:
all-cause death, myocardial infarction
(M), HF, stroke, CKD, any CVRD, and CV
and all-cause death. MI was identified
according to the diagnosis code of MI.
Stroke included both ischemic and hem-
orrhagic stroke. HF included both hyper-
tensive and other HF. CKD was defined
by a first-position diagnosis of diabetic
nephropathy, CKD, or renal failure (hy-
pertensive, acute, chronic, or unspeci-
fied). CV death was defined as death as
a result of stroke or MI, and any CVRD
was defined as any of HF, MI, stroke,
CV death, and CKD. Cardiorenal disease
was defined as at least one of HF or
CKD because these often appear to-
gether or sequentially. For subgroup
analysis of patients with and without
previous CVRD at baseline (see below),
CKD was defined as described above,
and CV disease was defined as Ml, HF,
or stroke.

Statistical Analyses
Baseline characteristics were calculated
separately for each country and then
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pooled. Event rates of the outcomes
were calculated by dividing the number
of incident cases by the duration of fol-
low-up in person-years and expressed
as incident cases/1,000 person-years.

Duration of T1D was calculated by re-
trieving the age at first insulin prescrip-
tion or first diagnosis registration
(whichever came first) available in the
national patient and prescribed drug
registries and calculating the time differ-
ence to age at the index date. For T2D,
this was not possible since in most
cases, there is not a hospital diagnosis
but mainly in primary care where no na-
tional registry data are available.

Cox regression models were applied
to determine the hazard ratio (HR) and
95% Cl for each outcome according to
type of diabetes. The effect of age was
assessed by interaction analysis and
was found to have a significant interac-
tion effect on most outcomes (data not
shown). Thus, age-adjusted HRs were
calculated within each age category
separately. Additionally, we performed
analyses in patients who at baseline
were free from previous CVRD and in
patients who had a history of previous

Norway

CVRD. This was done to explore wheth-
er previous occurrence of a CV or renal
event would affect the risk in T1D ver-
sus T2D for new or recurring events,
respectively.

RESULTS

Baseline Data

A total of 59,331 patients with T1D and
484,241 patients with T2D were includ-
ed (Fig. 1). Data from both countries
were pooled because results for the
separate country cohorts were compa-
rable. Baseline data are presented in Ta-
ble 1. At baseline, 87.5% of patients
with T2D were on any glucose-lowering
drug, with the remaining patients hav-
ing previously filled at least one pre-
scription but stopped the treatment
before the baseline date. Patients with
T1D were younger than those with T2D
(mean age 45.8 vs. 64.1 years) and had
a lower overall prevalence of CV disease
(13.3% vs. 26.2%); a similar proportion
had CKD (4.3% vs. 3.3%) but more fre-
quent  microvascular  complications
(71.6% vs. 27.8%), mainly driven by an
increased occurrence of retinopathy
(58.6% vs. 13.9%) (Supplementary Table

Sweden

175,838
subjects identified
Type 1 diabetes: 18,418
Type 2 diabetes: 157,420

10,361 (5.9%)
excluded due to age
>84 years
Type 1 diabetes: 187
Type 2 diabetes: 10,174

165,477
subjects included
Type 1 diabetes: 18,231
Type 2 diabetes: 147,246

411,717
subjects identified
Type 1 diabetes: 47,424
Type 2 diabetes: 364,293

33,622 (8.2%)
excluded due to age
<18 or >84 years
Type 1 diabetes: 6,324
Type 2 diabetes: 27,298

378,095
subjects included
Type 1 diabetes: 41,100
Type 2 diabetes: 336,995

543,572
Final cohort
Type 1 diabetes: 59,331
Type 2 diabetes: 484,241

Figure 1—Flowchart of patients included in the study at the index date 31 December 2013.
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2). A higher use of CV preventive drugs
was observed in T2D versus T1D, possi-
bly because of the higher average age.
Following age stratification at baseline,
the prevalence of CV disease was simi-
lar in both cohorts, with a clear increase
from age =40 years in both T1D and
T2D. For M, HF, and stroke, there were
no apparent differences in any
age-groups, as shown in Fig. 2. In con-
trast, the age-dependent increase in
prevalence of CKD appeared earlier in
T1D than in T2D, and it remained consis-
tently higher in T1D across all
age-groups. The prevalence of all CV dis-
eases combined was slightly higher in
T1D compared with T2D (Supplementary
Fig. 2).

Event Rates During Follow-up

Results are presented in Fig. 3. Event
rates were low in age-groups <40
years, where comparisons between T1D
and T2D could not be performed. For
HF, event rates were significantly higher
in the patients with T1D aged 65-79
years (HR 1.31-1.39), and for M, there
were similar findings in ages 55-79
years (HR 1.30-1.79). Rates of stroke,
on the other hand, were significantly
higher in T1D only among younger pa-
tients aged 40-54 years (HR 1.35-1.72).
The incidence of CKD was greater for
T1D versus T2D at all ages, similar to
the baseline prevalence, although inter-
group differences generally decreased
with increasing age (HR 2.95 for 40-44
years to 1.53 for 80-84 years). The risk
for any CVRD event was significantly
higher among patients with T1D across
all age-groups (HR 1.20-1.60). CV mor-
tality rates were higher in T1D than T2D
at ages 55-64 years and 70-79 years
(HR 1.37-1.71) (Fig. 3) and so were total
CVD events at ages 55-79 years (HR
1.14-1.42) (Supplementary Fig. 3). Ex-
cept for the youngest ages of 40-49
years, all-cause mortality rates were
also generally higher in the T1D group.
As a further sensitivity analysis, we also
included all registered diagnosis codes
regardless of position (i.e., main as well
as additional diagnoses). The comparisons
between T1D and T2D were nearly identi-
cal to our main analyses (Supplementary
Fig. 4), albeit with the expected higher
overall event rates.
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Table 1—Baseline characteristics of patients with T1D and T2D in Sweden and
Norway in 2013

To our knowledge, this study is the
first to address CV disease in full-popu-
lation cohorts of both T1D and T2D in
modern health care systems (from 2013
to 2016). Some studies have reported

TiD (n = 59,331) T2D (n = 484,241)

Age (years), mean (SD) 45.8 (16.5) 64.1 (12.4)

<50 34,405 (58.0) 64,365 (13.3)

50-75 22,978 (38.7) 315,495 (65.2) risks of CV disease (19) and death (11),

>75 1,948 (3.3) 104,381 (21.6) but these have focused on only one
Female sex 24,911 (42.0) 208,361 (43.0) outcome or performed indirect compar-
CV disease 7,913 (13.3) 126,769 (26.2) isons through populations without

Mi 2,476 (4.2) 41,784 (8.6) diabetes.

HF 1,867 (3.1) 36,520 (7.5) Previously, Juutilainen et al. (11)

Atrial fibrillation 1,706 (2.9) 46,626 (9.6) showed in a small long-term cohort

Sm?ke : 2,570 (4.3) 45,074 (9.3) study of 134 patients with T1D and 834

Peripheral artery disease 2,987 (5.0) 28,415 (5.9) ith T2D that CV tality is similar i
CKD 2,530 (4.3) 15,985 (3.3) wi at CV mortality is similar in

- — both groups. Subjects in this study were
Microvascular complications 42,452 (71.6) 134,530 (27.8) L.

. of similar age (45-64 vyears), and the

Severe hypoglycemia 1762 (3.0) ) A age of onset was >30 years. This would
Cancer* 2,237 (3.8) 45,505 (9.4)

suggest that CV mortality risk is similar
in the two diabetes types when taking
age into account. Our study was much
larger and included nationwide, com-
plete T1D and T2D cohorts, which may
explain the finding of higher CV mortali-

CV disease risk treatment 31,961 (53.9)
11,530 (19.4)
23,782 (40.1)
24,604 (41.5)

59,331 (100.0)

397,795 (82.1)
172,529 (35.6)
281,159 (58.1)
348,975 (72.1)
423,747 (87.5)

Low-dose aspirin

Statins

Antihypertensives
Diabetes medication

Metformin 2,043 (3.4 344,651 (71.2 .

Sulfonylureas 57 (0(.1) ! 89,733 ((18.5)) ty in T1D over the age of 50 years.
DPP-4 inhibitors 224 (0.4) 34,722 (7.2) Recently, Fang et al. (12) examined
SGLT-2 inhibitors 30 (0.1) 2,021 (0.4) data from the U.S. National Health In-
GLP-1RAs 312 (0.5) 17,677 (3.7) terview Survey conducted in 2016 and
Insulin 59,331 (100.0) 134,350 (27.7) 2017 to compare the burden of compli-

cations in young-onset T1D and T2D,
defined as being diagnosed before age

Data are n (%) unless otherwise indicated. Microvascular complications include retinopathy,
peripheral angiopathy, diabetic foot disease, neuropathy, and nephropathy. DPP-4, dipeptidyl

peptidase 4; GLP-1RA, glucagon-like peptide 1 receptor agonist.
“Cancer diagnosis within 5 years before index date.

Subgroup Analyses

We performed subgroup analyses
among patients who were free of CVRD
at baseline and those with previous
CVRD (Supplementary Fig. 5A-H). In the
CVRD-free group, the only significant
differences between T1D and T2D were
increased rates of Ml for T1D in the age
span 70-79 years (HR 1.41-1.70) and
CV mortality at 75-79 years (HR 1.78).
There were no increased risks of CKD
and all-cause mortality among patients
with T1D in the CVRD-free cohort com-
pared with T2D. Among patients with
previous CVRD at baseline, results
showed similar patterns as the main re-
sults in the total cohort (Supplementary
Fig. 6A—H). We also examined the rela-
tive impact of disease duration in the
Swedish T1D cohort and found that it
was an important risk factor for CV
events and CKD, independent of age
per se (Supplementary Fig. 7). The effect
of disease duration was most marked
for CKD but remained substantial for all
types of CVRD events. Notably, the

effect of duration on all-cause mortality
was, however, much smaller.

CONCLUSIONS

Main Findings

In this observational, longitudinal, full-
population study of all patients with
T1D and T2D in Sweden and Norway in
2013, we present several important
findings on individuals aged 18-84
years. First, the age-adjusted incidence
of CV diseases were, in general, higher
for T1D than T2D, with a slightly greater
stroke risk at younger ages and a great-
er risk of Ml and HF at older ages. Also,
CV mortality was greater in T1D at ages
>55 vyears, except the age intervals
65—-69 and 80-84 years. Second, CKD
was more common in T1D than T2D at
all ages. Third, the risk for future CVRD
is modified by the presence or absence
of preexisting CVRD, with an almost
equal risk in T1D and T2D if CVRD free
at baseline, whereas risks for T1D were
increased for those with previous CVRD.

40 years. They found that there were
similar rates of CV disease between the
two groups, which is in agreement with
our results, but they also observed simi-
lar rates of renal disease, which is differ-
ent from our findings. This study was
purely interview based, including ~230
subjects with T1D and 1,200 subjects
with T2D, and the statistical power may
not have been sufficient to detect true
differences between the groups. It is,
however, also possible that young-onset
T2D represents an aggressive diabetes
phenotype with greater cardiorenal risk,
as previous studies have suggested
(20,21), and that this contributed to the
increased risk of kidney disease among
subjects with T2D in the study.

In South Korea, Lee et al. (22) fol-
lowed a population of 20.4 million indi-
viduals from 2009 to 2016, of whom
~1.9 million had T2D and 9,400 had
T1D. In agreement with our results,
they found a significantly higher risk of
MI, HF hospitalization, atrial fibrillation,
and mortality among the subjects with
T1D compared with those with T2D dur-
ing a mean follow-up of 4.6 years. Fur-
thermore, we show that individuals
with T1D who already have established
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CVRD are at a higher risk of further
CVRD events, which suggests that pa-
tients with T1D will benefit from a
more intensive strategy for both prima-
ry and, in particular, secondary preven-
tion of CVRD.

Possible Explanations for Higher
CVRD Risk in T1D

Several factors could explain the high
risk of CV disease in individuals with
T1D. Previous studies have established
the importance of albuminuria and CKD
in increasing the risk of mortality and
CV disease in T1D (23,24). We did not
have access to laboratory assessments
and, therefore, could not adjust for the
degree of renal impairment, but our re-
sults indicate that both prevalent and
incident CKD are more common in T1D
than in T2D, and this could contribute
to the higher rates of CV disease in
T1D found in several age-groups. We
did not have complete data on T2D
duration, but microvascular complica-
tions, including diabetic nephropathy,
often progressing to manifest CKD, are
known to be associated with disease

duration (25), and it is likely that the
earlier age of onset of T1D and,
hence, longer average duration, would
lead to a greater risk of microvascular
complications in later life. Hyperglyce-
mia is another risk factor, and higher
mean HbA;. levels and long-term gly-
cemic exposure are associated with in-
creased mortality (5) and greater risk
of macro- and microvascular complica-
tions (26,27). A study that was based
on Swedish NDR data explored the
prognostic significance of various risk
factors among subjects with T1D and
found HbA;. and albuminuria to be
the most important predictors for
mortality and CV disease (28). Howev-
er, other conventional risk factors
such as LDL cholesterol and systolic
blood pressure were also strongly as-
sociated with adverse CV outcomes.
Interestingly, there was an excess risk
in the CVRD-free T1D versus T2D co-
horts only of Ml and CV death in some
age strata but not of other CV events
and CKD. The reasons for this are not
readily apparent. It is possible that
these cohorts were more homogenous,

with relatively low risks overall. Howev-
er, it is worth noting that previous stud-
ies have shown that excess mortality in
T1D is largely accounted for by ne-
phropathy (24,29), which may explain
the finding of a relatively lower risk ele-
vation in T1D versus T2D in the CVRD-
free cohorts. In T1D, aggressive ne-
phropathy leading to advanced CKD typ-
ically has an early onset, and there is
seldom development of nephropathy
leading to end-stage renal disease after
15 years of T1D (24,30,31). Notably,
among patients with T2D, those with
onset at younger ages have a relatively
higher risk of serious nephropathy
(21,30). Taken together, these findings
are compatible with an increased CKD
risk in T1D across age strata. However,
a similar risk for CKD events in previous-
ly CVRD-free patients with T1D versus
T2D is somewhat surprising and war-
rants further detailed investigations.

CV Disease Preventive Treatment

In our cohort, established drugs to pre-
vent CV disease, such as statins and anti-
hypertensive and antiplatelet drugs, were
prescribed far less among patients with
T1D compared with those with T2D, albe-
it this is largely explained by their overall
younger age. This may have contributed
to the increased cardiorenal risk in T1D.
More aggressive intervention with CV dis-
ease preventive drugs should therefore
be considered at an earlier disease stage,
and thus at younger ages in patients with
T1D, than what is currently done in rou-
tine care. Furthermore, several CV out-
come trials have shown beneficial effects
of sodium—glucose cotransporter 2
(SGLT2) inhibitors to prevent progression
of HF and CKD in both medium- and high-
risk T2D populations (32—35). SGLT2 in-
hibitors might be further explored regard-
ing their risk/benefit profile in future
interventional outcome studies in pa-
tients with T1D, considering their high
cardiorenal risk. In patients with T2D with
low-medium CVRD risk, interventional
studies should also address initiation of
SGLT2 inhibitors at early disease stages.
Such studies are currently under way; for
example, in Sweden, the SGLT2 inhibitor
dapagliflozin and metformin are being
compared as first-line therapy in a large
randomized prospective trial (SGLT2 In-
hibitor or Metformin as Standard Treat-
ment of Early Stage Type 2 Diabetes
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Figure 3—Age-stratified incidence of any CVRD events (including Ml, stroke, HF, CKD, or CV death), cardiorenal disease (HF or CKD), HF, CKD, M,
stroke, all-cause death, and CV death.

[SMARTEST] trial, ClinicalTrials.gov identi- from modern health care covering es- study in European populations to direct-

fier NCT03982381). sentially all patients with T1D and T2D |y compare CV and renal complications
in two countries. The representative in T1D and T2D in nationwide full popu-
Strengths and Limitations populations constitute a real-world data lations. Importantly, we were also able

Strengths of the current study include set and include patients of a wide age to validate our definition of T1D and
the large population-based cohorts range. To our knowledge, this is the first T2D by comparing our T1D cohort
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(concerning prevalence and patient char-
acteristics) with that of the Swedish
NDR, showing an essentially complete
overlap.

However, our study also has a num-
ber of important limitations. First, be-
cause of the registry structures and
limited follow-back time, it was not pos-
sible to accurately determine diabetes
duration for all patients with T2D. Lon-
ger duration of T2D has been linked
with a greater risk of CV disease and
death (36,37), and since we did not
have complete information about T2D
duration, we could not adjust for this.
In 2013 (i.e., the time of our baseline
survey), the median duration in Swedish
patients with T2D was 8 years according
to the 2013 NDR annual report (38) and
as reported in a previous publication
(4). It is clear that diabetes duration
overall is longer in our T1D cohort, with
a median of 14 years (range 0 to >27
years) in the Swedish patients. This un-
doubtedly contributes to the high CVRD
risk in T1D, which for several event
types overrides that of T2D, despite its
metabolic components. In our cohort of
Swedish patients with T1D for whom
duration data were available, we found
a higher risk of adverse outcomes in
those with a longer age-adjusted T1D
duration, which is in agreement with
previous findings (39,40). Assuming sim-
ilar glycemic levels in T1D and T2D and
an ~10% increase in risk of CVRD for
every vyear of diabetes duration
(Supplementary Fig. 7), the longer aver-
age duration of T1D versus T2D at any
given age could account for the higher
risks we found. Our study did not in-
clude a control population. However,
previous results comparing T2D with
the general Swedish population (16) in-
dicated an ~1.7-fold increase in the risk
for MI and HF, and by extrapolation
from our T2D cohort, we estimate that
patients with T1D had an ~2.5-fold
greater risk of Ml and HF compared
with the background population.

Second, no data were available re-
garding several important risk factors
associated with increased rates of CVRD
in diabetes. These include HbA;., blood
lipids, blood pressure, and obesity (24).
Furthermore, no information was avail-
able regarding socioeconomic and life-
style risk factors, which are important
for outcomes in both T1D (41) and T2D

(42). Such confounding factors should
be addressed in future studies.

Third, hospital ICD codes were used,
and we had no access to primary care
data. This may have led to an underesti-
mation of events in patients with T2D
because the majority of them are seen
in primary care. However, the main
scope of the study was to address risk
of major clinical CV and renal events,
which almost invariably will lead to in-
or outpatient hospital care. For exam-
ple, early stages of CKD in T2D may be
underestimated because these patients
are typically found in primary care, but
the overall occurrence of end-stage re-
nal disease was clearly higher among
patients with T1D versus T2D
(Supplementary Table 2).

In  conclusion, the CVRD burden
among patients with T1D is at least as
heavy as in patients with T2D following
age stratification. For several CVRD
events like HF and MI and clearly for
CKD, T1D displays the highest risk. There
is a remaining need to reinforce and
evaluate additional preventive ap-
proaches, beyond glycemic control, also
in patients with T1D.
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