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Summary
Background Historically, the incidence of cardiovascular disease and mortality in persons with Type 1 diabetes
(T1D) has been increased compared to the general population. Contemporary studies on time trends of mortality
and cardiovascular disease are sparse.

Methods In this observational study, T1D persons were identified in the Swedish National Diabetes Registry
(n=45,575) and compared with matched controls from the general population (n=220,141). Incidence rates from
2002 to 2019 were estimated with respect to mortality and cardiovascular disease in persons with T1D overall and
when stratified for prevalent cardiovascular and renal disease relative to controls.

Findings Mean age in persons with T1D was 32.4 years and 44.9% (20,446/45,575) were women. Age- and sex-
adjusted mortality rates declined over time in both groups but remained significantly higher in those with T1D com-
pared to controls during 2017−2019, 7.62 (95% CI 7.16; 8¢08) vs. 2.23 (95% CI 2.13; 2.33) deaths per 1,000 person
years. Myocardial infarction, heart failure and stroke decreased over time in both groups, with persistent excess risks
in the range of 3.4−5.0 times from 2017 to 2019 in those with T1D. T1D persons ≥45 years without previous renal
or cardiovascular complications had standardized mortality rates similar or even lower than controls 5.55 (4.51; 6.60)
vs.7.08 (6.75; 7.40) respectively in the last time period.

Interpretation Excess mortality persisted over time in persons with T1D, largely in patients with cardiorenal compli-
cations. Improved secondary prevention with a focus on individualized treatment is needed to close the gap in mor-
tality for individuals with T1D.
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Introduction
Cardiovascular disease (CVD) is the major reason for
shortened life expectancy in persons with Type 1 diabe-
tes (T1D).1,2 Hyperglycemia, hypertension, smoking,
renal dysfunction, and hyperlipidemia accelerate the
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Research in context

Evidence before this study

We searched PubMed and Google Scholar for articles
published until December 20, 2021 with the search
terms “Type 1 diabetes” and “mortality” in the title or
the abstract. We found no recent studies evaluating
mortality rates in persons with Type 1 diabetes. We
found a few earlier studies stratifying persons with Type
1 diabetes on diabetes complications evaluating prog-
nosis over time.

Added value of this study

� Excess risk of mortality, myocardial infarction, heart
failure and stroke remain for persons with Type 1
diabetes and rates are 3.4−5.8 times higher when
evaluated over 20 years until December 31, 2019.

� Type 1 diabetes is a cardiovascular equivalent with
respect to future risk of myocardial infarction.

� Contemporary mortality rates in persons ≥45 years
are lower in people with Type 1 diabetes free from
cardiorenal complications than for controls without
diabetes at the same age and sex.

� Type 1 diabetes persons free from cardiorenal com-
plications but with hyperglycemia have excess risk
of myocardial infarction, but the risk attenuates for
patients with mean Hba1c≤58 mmol/mol (7.5%)
over time and converges to incidence rates in con-
trols.

Implications of all the available evidence

Excess mortality remains in people with Type 1 diabetes,
but prognosis needs to be individualized and diversified
since large groups without cardiorenal complications show
low mortality rates and cardiovascular incidences. To
reduce the overall gap in mortality for persons with Type 1
diabetes, improved secondary prevention in patients with
cardiorenal complications is urgently needed.
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atherosclerotic process in persons with T1D and
increase the risk of cardiovascular events and mortality.3

Accordingly, goals in the care of persons with diabetes
include maintaining a low risk factor burden and reach-
ing life expectancy similar to persons without diabetes.4

Despite more aggressive treatment guidelines, mortality
trends for persons with T1D have not converged to those
found in the general population.

Although multiple studies have described temporal
changes in risk factor burden and prognosis in patients
with T1D, contemporary analyses are sparse.2,5−10 A
recent evaluation in Sweden lasted only until 2013.2

With more aggressive cardiovascular preventive strate-
gies in place over longer time periods and the recent
introduction of more efficient tools for glycemic control
(e.g., continuous glucose-monitoring systems and mod-
ern insulin delivery systems), glycemic control has
improved.11−14 Updated information on complications
and mortality is needed, particularly in light of findings
of a marked reduction in amputations in recent years.14

Cohort studies have shown that persons with T1D
without renal complications or not having overt hyper-
glycaemia have mortality rates similar to the general
population.15,16 Less recent analyses of patients without
renal complications found similar or only slightly ele-
vated mortality rates for persons with T1D.17,18 Despite
the impact of these risk factors as well as cardiovascular
disease most investigations of whether prognosis
improve over time generally treat T1D patients as a
homogenous group.

The aim of this study was to estimate mortality and
the incidence of cardiovascular disease over time in the
past two decades in persons with T1D and controls over-
all and stratified by prevalent cardiovascular and renal
disease.
Methods

Setting and participants
This was a population-based study, of persons with T1D
in the Swedish National Diabetes Registry (NDR) and
controls identified in the Swedish population registry
matched by age, gender, and county. Data were linked
using the unique personal identification number of
each citizen to the Swedish National Patient Registry
(NPR), the Swedish Cause of Death Registry, and the
Longitudinal Integration Database for Health Insurance
and Labor Market Studies as described previously.1 All
patients in the NDR provided informed consent. In the
data set used for this study personal identifiers were
removed and replaced by codes. All procedures were
approved by the Swedish Ethical Review Authority.

The NDR includes near-complete coverage of all per-
sons with T1D in Sweden and information about cardio-
vascular risk factors, diabetes complications, and
treatments1,19 collected during routine hospital visits to
outpatient wards or primary care clinics. The epidemio-
logical definition of T1D (diagnosis before age 30 and
treatment with insulin) was applied to select persons
from the NDR, which has been estimated to be correct
in about 97%.19

The study cohort included all patients ≥18 years of
age with at least one registration in the NDR between
January 1, 2000 and December 31, 2018. Each person
with T1D was matched with up to five controls, ran-
domly selected from the general population and
matched by age, sex, and county, and censored if diag-
nosed with T1D. Patients and controls were followed
from study start until the first event of each outcome,
death, or study end (December 31, 2019). Baseline data
were collected at the start of the study period or when
www.thelancet.com Vol 21 Month , 2022
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the person was first registered in the NDR. Diabetes dura-
tion, smoking status, HbA1c, systolic and diastolic blood
pressure (SBP and DBP), LDL and HDL cholesterol, Body
Mass Index (BMI), albuminuria, and creatinine level were
retrieved from the NDR. Microalbuminuria was defined as
at least two positive results obtained within 1 year and
defined as albumin-to-creatinine ratio of 3−30 mg/mmol
(»30−300 mg/g) or urinary albumin clearance of 20
−200 µg/min (»20−300 mg/L). Macroalbuminuria was
defined as an albumin-to-creatinine ratio >30 mg/mmol
(»300 mg/g or greater) or urinary albumin clearance
>200 µg/min (>300 mg/L). Creatinine-based eGFR val-
ues were calculated using the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation.20

Education and country of birth were retrieved from
the Longitudinal Integration Database for Health
Insurance and Labor Market Studies and stratified into
three educational groups: 1) low (up to 9 years), 2)
intermediate (10−12 years), and 3) high (university or
college).

Outcomes
Mortality and incidence rates of acute myocardial infarc-
tion (AMI), heart failure (HF), and stroke were analyzed
for persons with T1D and controls for the following
time periods: 2002−2004, 2005−2007, 2008−2010,
2011−2013, 2014−2016, 2017−2019. ICD-9 and ICD-
10 codes in the cause of death and Swedish national
inpatient registries were used to determine these out-
comes (Supplementary Methods).

Stratification by cardiovascular disease, renal
complications and risk factors
We first analyzed mortality and incidence rates over
time in all persons with T1D compared with all controls.
Thereafter, since CVD is relatively rare among younger
adults, we further stratified persons ≥45 years with T1D
versus controls according to cardiovascular and/or renal
disease and/or risk factors (stratification was updated at
the start of each time period).

In the second analysis, persons with T1D and con-
trols were stratified according to the presence or
absence of CVD (defined as in-hospital diagnosis of
AMI, HF, stroke, or atrial fibrillation during the previ-
ous 10 years).

In a third analysis, patients with T1D were stratified
according to the presence or absence of CVD and/or
current renal complications. Two different definitions
of renal complications were explored: 1) eGFR<60 ml/
min/1.73 m2 and/or micro- or macroalbuminuria; 2)
eGFR<60 ml/min/1.73 m2 and/or macroalbuminuria.

In a fourth analysis, we used risk factors (mean lev-
els of available measurements before each time period)
to stratify patients with diabetes into “high risk” (pres-
ence of cardiovascular and/or renal complications and/
or presence of a risk factor) and “low risk”, respectively.
The following risk factors were analysed one at a time:
www.thelancet.com Vol 21 Month , 2022
HbA1c, SBP, LDL, BMI and current smoking status.
Different cut-offs for risk factor levels were explored.

A post-hoc analysis was performed to evaluate the
cumulative outcome in the following age-groups: 18 ≤
35 years, 35 ≤ 50 years, 50 ≤ 65 years and ≥65 years.
Incidence rates were age adjusted to the first time
period for each age group.

Statistical analysis
Baseline characteristics are described as mean with
standard deviation or median with interquartile range
for continuous variables and number with percentage
for categorical variables. Crude mortality rates and inci-
dences of CVD were estimated as events per 1000 per-
son-years and with Poisson 95% confidence intervals
(CI). Mortality and incidence rates for AMI, HF, and
stroke in persons with T1D and controls were then age
and sex-standardized to the first time period and esti-
mated per 1000 person-years with 95% Poisson CI for
each time period.

Role of the funding source
The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the
manuscript.
Results

Study population
Baseline characteristics for 45,575 persons with T1D and
220,141 matched controls are shown in Table 1. Mean
follow up for persons with T1D was 11.8 (SD 6.1) years
and for controls 12.2 (SD 6.0) years. For persons with
T1D, mean diabetes duration was 18.2 (SD 14.8) years
and mean HbA1c was 65.8 (SD 17.0) mmol/mol (8.18
(SD 1.65)%) (Table 1). The proportion of persons with
AMI, coronary heart disease, HF, stroke, and cancer at
baseline was greater in persons with diabetes compared
to controls. During follow-up 5339 (11.7%) persons with
T1D and 10,369 (4.7%) controls died (Supplementary
Table 1). 73.3% of all deaths among persons with T1D
occurred in patients ≥45 years. The number of T1D
patients ≥65 years increased from 947 to 3958 persons
from the first to the last time period.

Mortality and cardiovascular disease in persons with
T1D and controls
Standardized all-cause mortality rates decreased from
the first to the last time period in both persons with T1D
and controls, with a persistent gap between groups
(Figure 1a). Mortality rates for T1D patients at the begin-
ning and end of follow up were 9.59 (95% CI 8.73
−10.44) and 7.62 (95% CI 7.16−8.08) deaths per 1000
person years, respectively. The corresponding mortality
rates among controls were 4.11 (95% CI 3.85−4.36) and
2.23 (95% CI 2.13−2.33) deaths per 1000 person years
(Supplementary Table 2).
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Variable Persons with T1D
(n = 45,575)

Controls
(n = 220,141)

Sex

Women n (%) 20,466 (44.9) 99,776 (45.3)

Age (years) Mean (SD) 32.4 (14.7) 31.6 (14.0)

Median (IQR) 28 (20; 42) 27 (19; 41)

n 45,575 220,141

Follow-up time (years) Mean (SD) 11.8 (6.1) 12.2 (6.0)

Median (IQR) 12.6 (6.7; 17.6) 13.4 (7.3; 17.9)

n 45,477 219,854

Age categories

18-<35 years n (%) 28,922 (63.5) 143,614 (65.2)

35-<50 years n (%) 9363 (20.5) 45,660 (20.7)

50-<65 years n (%) 5736 (12.6) 25,642 (11.6)

>=65 years n (%) 1554 (3.4) 5225 (2.4)

Born in Sweden n (%) 40,225 (88.3) 187,379 (85.1)

Education category

Low n (%) 12,882 (36.7) 62,549 (36.1)

Mid n (%) 14,712 (42.0) 71,368 (41.2)

High n (%) 7463 (21.3) 39,505 (22.8)

Diabetes duration (years) Mean (SD) 18.2 (14.8)

Median (IQR) 15 (7; 28)

n 45,575

Smoker n (%) 5789 (14.3)

BMI (kg/m2) Mean (SD) 25.2 (6.4)

Median (IQR) 24.5 (22.3; 27.2)

n 37,053

HbA1c (mmol/mol) Mean (SD) 65.8 (17.0)

Median (IQR) 64 (54; 75)

n 42,938

HbA1c (%) Mean (SD) 8.18 (1.56)

Median (IQR) 8.0 (7.1; 9.0)

n 42,938

eGFR (CKD-EPI) Mean (SD) 107.8 (26.0)

Median (IQR) 113.1 (93.8; 127.1)

n 24,379

Albuminuria categories

No albuminuria n (%) 27,483 (82.8%)

Microalbuminuria n (%) 3315 (10.0%)

Macroalbuminuria n (%) 2389 (7.2%)

LDL (mmol/L) Mean (SD) 2.62 (0.85)

Median (IQR) 2.52 (2.03; 3.1)

n 20,269

HDL (mmol/L) Mean (SD) 1.51 (0.46)

Median (Q1, Q3) 1.4 (1.2; 1.8)

n 20,488

Systolic BP (mmHg) Mean (SD) 125.4 (16.4)

Median (Q1, Q3) 120 (115; 135)

n 40,689

Diastolic BP (mmHg) Mean (SD) 73.1 (9.1)

Median (Q1, Q3) 72 (69; 80)

n 40,565

Amputation n (%) 378 (0.8) 91 (0.0)

CHD n (%) 2065 (4.5) 2200 (1.0)

Table 1 (Continued)
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Variable Persons with T1D
(n = 45,575)

Controls
(n = 220,141)

Valve disease n (%) 140 (0.3) 358 (0.2)

Heart failure n (%) 670 (1.5) 642 (0.3)

Atrial fibrillation n (%) 324 (0.7) 1062 (0.5)

AMI n (%) 1053 (2.3) 1117 (0.5)

Stroke n (%) 725 (1.6) 958 (0.4)

Cancer n (%) 937 (2.1) 3314 (1.5)

Table 1: Baseline characteristics for 45,575 persons with Type 1 diabetes and 220,141 controls matched on age, sex and county.
Categorical variables are presented as n (%). Continuous variables are presented as mean (SD) and median (IQR).
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Cardiovascular mortality showed a similar pattern
with rates decreasing over time for persons with T1D
and controls, with excess cardiovascular mortality in
persons with T1D that persisted over time (Figure 1b,
Supplementary Table 2). The standardized cardiovas-
cular mortality rates for persons with T1D decreased
from 3.16 (95% CI 2.67−3.65) to 1.56 (95% CI 1.36
−1.77) deaths per 1000 person years, and the corre-
sponding rates for controls were 0.80 (95% CI 0.69
−0.91) and 0.27 (95% CI 0.23−0.30). All-cause and
cardiovascular mortality rates were generally higher in
men than women for persons with T1D (Supplemen-
tary Table 2).

Similar patterns were observed for AMI as well as for
HF, and stroke, with improved prognosis for persons
with T1D over time but, a gap remained compared with
controls (Figure 1 c, Supplementary Figure 1). Standard-
ized incidence rates at the first and last time periods for
persons with T1D for AMI were 5.82 (95% CI 5.14
−6.50) vs. 3.30 (95% CI 2.98−3.61), HF 4.86 (95% CI
4.24−5.47) vs. 3.75 (95% CI 3.42−4.08), and stroke
4.24 (95% CI 3.66−4.81) vs. 2.46 (95% CI 2.18−2.73)
events per 1000 person years (Supplementary Table 2).
The corresponding rates for controls were: AMI 0.98
(95% CI 0.86−1.11) vs. 0.66 (95% CI 0.60−0.72), HF
1.04 (95% CI 0.91−1.17) vs. 0.87 (0.81−0.94), and
stroke 1.16 (95% CI 1.02−1.30) vs. 0.72 (95% CI 0.66
−0.79) events per 1000 person years (Supplementary
Table 2).

Mortality and cardiovascular disease in persons with
T1D with and without CVD
When patients with T1D and controls were stratified
according to the presence or absence of CVD, only
persons ≥45 years were included. In this population,
the proportion of T1D patients with prevalent CVD
increased from 20.7% at the beginning of the first
time period to 22.2% at the beginning of the last
time period (Supplementary Table 3). Over time,
standardized mortality rates were highest in T1D
patients with established CVD, followed by controls
with CVD, T1D patients without CVD and controls
free from CVD, and the same trend was observed for
www.thelancet.com Vol 21 Month , 2022
cardiovascular mortality (Left panel Figure 2a, 2b).
However, for AMI a different pattern was observed
such that T1D patients without established CVD had
similar risk for AMI over time as controls with estab-
lished CVD (i.e., T1D was a cardiovascular risk equiv-
alent for AMI (Left panel Figure 2c). The
standardized incidence rates of stroke and HF in
each time period are presented in Supplementary
Table 4 for persons with T1D and controls according
to the presence or absence of CVD.

In persons with T1D age 35 ≤ 50 years and with car-
diovascular complications, incidence rates for cardiovas-
cular mortality, AMI, HF and stroke were similar or
higher than for T1D persons age ≥65 years without car-
diovascular complications (Supplementary Table 5).
This suggests that the presence of cardiovascular com-
plications rather than age is the main driver for risk in
persons with T1D.

Mortality and cardiovascular disease in persons with
T1D with and without cardiorenal disease
Among persons with T1D ≥45 years, 40.9%
had established CVD and/or renal complications
(eGFR<60 ml/min, micro- or macroalbuminuria) at
the beginning of the first time period compared with
59¢3% at the beginning of the last time period (Sup-
plementary Table 3). The proportion of persons in
this group with only renal complications increased
over time (Figure 3).

Standardized mortality rates in T1D patients free
from cardiorenal disease were similar over time as well
as in all controls ≥45 years, with even slightly lower
mortality in T1D persons during the last time period
(5.55 (95% CI 4.51−6.60) vs. 7.08 (95% CI 6.75−7.40))
deaths per 1000 person years (Right panel Figure 2a,
Supplementary Table 6).

HF showed a similar pattern as for mortality, with
similar event rates among persons with T1D free from
cardiorenal disease and all controls (Right panel, Sup-
plementary Figure 2a). In contrast, incidences of AMI
were consistently higher for persons with T1D free from
cardiorenal complications compared with all controls
≥45 years (Middle panel Figure 2c).
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Figure 1. (a, b, c) Standardized incidence rates with 95% CI (shadowed area) in persons with T1D and controls over time for (a) mor-
tality, (b) cardiovascular mortality and (c) AMI. See supplementary Table 2 for exact numbers for estimates.
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Figure 2. Standardized incidence rates for mortality (a), cardiovascular mortality (b), and myocardial infarction (c) with 95% CI (shadowed
area) in controls ≥45 years, in controls ≥45 years with and without cardiovascular complications (left panel) and in T1D persons ≥45 years
with and without cardiovascular or cardiorenal complications (right panel) and in (c) in T1D persons ≥45 years with and without cardiovas-
cular or cardiorenal complications or elevated HbA1c (right panel). See Supplementary Tables 4 and 6 for exact numbers of estimates.
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Figure 3. Persons with T1D ≥45 years with cardiorenal complications categorized in; persons with only cardiovascular complica-
tions, in persons with only renal complications and in proportion of persons with both complications.
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In further analysis performed to compare the impact
of renal complications in persons with T1D ≥45 years,
another definition of renal disease was applied. Persons
with T1D ≥45 years were characterized as having renal
disease if decreased eGFR or macroalbuminuria was
present. With this definition of renal disease, incidence
rates of all outcomes were greater in persons with T1D
without cardiorenal disease compared to controls (Sup-
plementary Table 7).
HbA1c, blood pressure, BMI, and smoking
Since T1D patients free from cardiorenal complications
had an excess risk of AMI over time, we evaluated
www.thelancet.com Vol 21 Month , 2022
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whether certain cut-offs for traditional risk factors influ-
enced the excess risk (Supplementary Figure 3). Levels
of HbA1c, blood pressure, LDL cholesterol, BMI, and
the proportion of smoking in T1D patients over time are
shown in Table 2. When high risk was defined as cardi-
orenal disease and/or mean SBP over time >130, >135
and >140 mmHg, no clear converging trend for low
risk patients was found for AMI. In separate analyses,
when high risk was defined as cardiorenal disease and/
or mean LDL cholesterol >2.0, >2.5, and >3.0 mmol/l,
BMI >27.5 kg/m2 and >30 kg/m2 and smoking, no or
only small effects were found (Supplementary Figure
3). In contrast, a monotonic pattern was found with con-
verging trends when high risk was defined as patients
with cardiorenal disease and/or high HbA1c levels (65,
62, and 58 mmol/mol), and for patients with mean
HbA1c <7.5% (58 mmol/mol) free from cardiorenal
complications, no excess risk of AMI was found (Right
panel Figure 2c and Supplementary Figure 3 a).
Discussion
In this population-based study of persons with T1D over
two decades, mortality rates and incidences of AMI, HF,
Risk factor Persons

Systolic blood pressure (mmHg) All T1D

T1D ≥45 years with cardiorenal diseas

LDL (mmol/l) All T1D

T1D ≥45 years with cardiorenal diseas

HbA1c (mmol/mol) All T1D

T1D ≥45 years with cardiorenal diseas

Age (years) All T1D

T1D ≥45 years with cardiorenal diseas

BMI (kg/m2) All T1D

T1D ≥45 years with cardiorenal diseas

Smoking (%) All T1D

T1D ≥45 years with cardiorenal diseas

Diabetes Duration (years) All T1D

T1D ≥45 years with cardiorenal diseas

Table 2: Risk factors over time in all persons with T1D and in persons w
period.
Categorical variables are presented as n (%). Continuous variables are presented a
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and stroke decreased over time. However, the gap
between T1D persons and controls did not converge due
to improvements in prognosis in the general popula-
tion. By contrast, people with T1D ≥45 years of age with-
out previous cardiovascular or renal complications
(constituting approximately 50% of this group over
time) had mortality rates similar to persons ≥45 years
without diabetes, as well as low risks of AMI, HF, and
stroke.

Previous studies have evaluated excess risks of mor-
tality and CVD over time for persons with diabetes in
different geographic regions showing excess risks on a
group level but only a few studies have distinguished
patients by cardiorenal complications or other risk fac-
tors.15−18,21−23 Whether diabetes is a cardiovascular risk
equivalent has been debated, i.e., whether persons with
diabetes free from coronary artery disease have similar
risk of myocardial infarction as persons in the general
population with established coronary disease.24 This
has primarily been evaluated in persons with type 2 dia-
betes (T2D) and has been an important basis for
whether they should receive more aggressive primary
preventive treatment. We found T1D to be a cardiovas-
cular risk equivalent with respect to AMI highlighting
2002−2004 2008−2010 2017−2019

128.8 (15.7)

n = 19,081

125.9 (13.5)

n = 27,815

125.6 (12.6)

n = 37,155

e 139.9 (16.2)

n = 2492

134.9 (13.9)

n = 5330

133.2 (12.5)

n = 7939

2.7 (0.8)

n = 15,451

2.7 (0.7)

n = 24,266

2.5 (0.8)

n = 35,195

e 2.7 (0.8)

n = 2145

2.5 (0.7)

n = 4865

2.2 (0.8)

n = 7622

65.0 (13.6)

n = 19,177

64.8 (13.5)

n = 28,035

61.3 (13.5),

n = 37,690

e 66.4 (12.5)

n = 2503

64.6 (12.0)

n = 5382

62.3 (11.8)

n = 8044

39.0 (13.8)

n = 20,864

39.5 (15.1)

n = 30,446

39.9 (16.3)

n = 41,438

e 56.8 (8.4)

n = 2828

58.1 (9.0)

n = 6058

59.9 (9.9)

n = 9158

25.3 (3.8)

n = 18,370

25.7 (4.3)

n = 26,515

26.2 (4.7)

n = 33,053

e 25.8 (4.1)

n = 2400

26.2 (4.5)

n = 5110

26.8 (4.9)

n = 7084

15.8% 15.5% 13.9%

e 16.3% 15.0% 11.9%

24.1 (14.0)

n = 20,308

24.8 (14.9)

n = 29,537

25.6 (16.0)

n = 39,817

e 40.5 (10.6)

n = 2828

41.7 (11.0)

n = 6058

43.7 (11.8)

n = 9158

ith T1D ≥45 years with cardiorenal disease in the first and last time

s mean (SD). For risk factors in all periods see Supplementary Table 8.
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the need for aggressive CVD prevention in this patient
group. For HF, the impact of renal complications was
even stronger than when AMI was evaluated.

Renal complications
Renal complications are a marker of past elevated glucose
levels and a key explanatory variable for excess mortality in
persons with T1D.1,15−18 The gap in mortality between per-
sons with T1D and the general population would likely con-
verge if mortality and cardiovascular risk could be reduced
in patients with renal complications. In the current study,
renal complications had a marked impact on mortality,
implying that aggressive prevention is needed at early
stages of renal complications.

Lower blood pressure and treatment with RAAS-
inhibitors are recommended for patients with renal
complications to reduce further renal progression.
Moreover, persons at high risk of AMI, stroke, and HF
likely benefit from very strict blood pressure control,
although this has been debated among people with
T2D.25 Lower blood lipid targets than the overall targets
of LDL 2.5 mmol/l (97 mg/dl) may be warranted for
individuals with T1D and renal complications who are
not yet on dialysis.

SGLT2-inhibitors have shown a preventive effect
regarding advanced renal complications, HF, and cardio-
vascular mortality not only in patients with T2D but also
in people without diabetes.26−30 Similar preventive
effects, not acting via the glucose-lowering effect, but
among other mechanisms via reduction of intraglomeru-
lar pressure are likewise beneficial for patients with
T1D.31 Future studies are needed to evaluate the effect of
SGLT-2 inhibitors in T1D persons with cardiovascular
and cardiorenal disease. As in T2D guidelines, clinicians
ought to characterize T1D patients as at high- or low-risk
to a greater extent.32 Moreover, other cardiorenal preven-
tive treatments need further investigation, including
finerenone which has shown beneficial effects in persons
with T2D and renal complications.33,34

Risk factors and cardiorenal complications
Persons with T1D free from cardiovascular and renal
complications showed slightly increased risk of AMI
compared with persons without diabetes. Hence, some
patients seem to convert from low-risk to high-risk via
AMI. When exploring traditional risk factors the stron-
gest association existed with glucose control. Patients
with historical mean HbA1c ≤7.5% (58 mmol/mol)
without cardiorenal complications had no excess risk of
AMI. The strong association between AMI and HbA1c
may be explained by other risk factors (hypertension
and LDL cholesterol levels) that were well-treated overall
whereas HbA1c 60−65 mmol/mol were nearly double
compared to levels in the general population in Sweden
with mean HbA1c 34 mmol/mol.35

The importance of glucose control to prevent a
patient from converting to a high-risk profile is
supported by the fact that hyperglycemia is a prerequi-
site for diabetic nephropathy.3 Continuous glucose
monitoring (CGM) and advanced insulin pumps con-
necting CGM with an insulin pump for adjusting insu-
lin delivery may reduce cardiorenal complications by
improving glucose control. In a recent study including
patients from four countries, renal complications were
still common in patients with diabetes onset over the
last 20 years, and the majority of patients had glucose
levels above target.36 Hence, improved prevention in
people with T1D and cardiorenal complications should
be the focus of attention in clinical practice and research
to reduce the gap in mortality over time.

Strengths and limitations
A strength of the current study is the population-based
design comprising nearly all persons with T1D in Swe-
den over 2 decades including information on diabetes
complications and risk factors. This study has several
limitations. First, due to the registry-based study design,
it is inevitable that some data are missing, for example
information on renal complications was less compre-
hensive during the first 3 years of follow-up. Moreover,
coverage of the NDR in the first time periods was lower
but improved over time to include almost all persons
with T1D during the last decade. It should also be
acknowledged that the NDR does not contain data
regarding race and ethnicity, so these variables were not
accounted for in the analyses. Second, information on
CVD in age- and sex-matched controls was available but
levels of blood pressure, blood lipids, BMI, and smoking
were not. Third, information about renal complications
was not available in controls, although renal complica-
tions are known to be relatively rare in persons without
diabetes. Fourth, information on use of medication to
prevent and treat renal complications and hyperlipid-
emia were not considered in the analysis. This may be
of interest in future analyses, especially in high risk
patients. Finally, in real-life evaluations as the current,
data registration depends on when examinations are
performed in clinical practice and not evaluated at spe-
cific predefined time points.
Conclusions
Mortality and cardiovascular disease prognosis is
improving in persons with T1D but clear excess risks
remain overall compared with individuals without dia-
betes. With respect to mortality, the prognosis of per-
sons with T1D and without cardiorenal complications is
similar to persons without diabetes. Increased focus on
prevention in patients with renal complications, and
improved glucose control in the T1D population overall,
are likely key factors to reducing the overall gap in mor-
tality for persons with T1D compared with the general
population. Accordingly, a differentiated treatment
focus is needed in future care of T1D patients.
www.thelancet.com Vol 21 Month , 2022
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