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Abstract

Aims/hypothesis Type 2 diabetes is an established risk factor for heart failure, but age-specific data are sparse. We aimed to
determine excess risk of heart failure, based on age, glycaemic control and kidney function in comparison with age- and sex-
matched control individuals from the general population.

Methods Individuals with type 2 diabetes registered in the Swedish National Diabetes Registry 1998-2012 (n =266,305) were
compared with age-, sex- and county-matched control individuals without diabetes (n = 1,323,504), and followed over a median
of 5.6 years until 31 December 2013.

Results We identified 266,305 individuals with type 2 diabetes (mean age 62.0 years, 45.3% women) and 1,323,504 control
individuals. Of the individuals with type 2 diabetes and control individuals, 18,715 (7.0%) and 50,157 (3.8%) were hospitalised
with a diagnosis of heart failure, respectively. Comparing individuals with diabetes with those in the control group, men and
women with type 2 diabetes who were younger than 55 years of age had HRs for hospitalisation for heart failure 0of2.07 (95% CI
1.73, 2.48) and 4.59 (95% CI 3.50, 6.02), respectively, using analyses adjusted for socioeconomic variables and associated
conditions. Younger age, poorer glycaemic control and deteriorating renal function were all associated with increased excess risk
of heart failure in those with type 2 diabetes compared with the control group. However, people with diabetes who were >75 years
and without albuminuria or with good glycaemic control (HbA . <52 mmol/mol [<6.9%]) had a similar risk of hospitalisation for
heart failure as control individuals in the same age group.

Conclusions/interpretation Men and women aged <55 years with type 2 diabetes are at markedly elevated excess risk of heart
failure. The excess risk declined with age, but persisted even with good glycaemic control. However, among those who were
75 years and older, diabetic individuals with well controlled glucose levels or without albuminuria had a risk of heart failure that
was on a par with individuals without diabetes.
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What is already known about this subject?

e Inindividuals with type 2 diabetes, poor glycaemic control and declining kidney function are associated with an

increased risk of heart failure

What is the key question?

o  Whatis the excess risk of incident heart failure overall, and in subgroups of individuals with type 2 diabetes, compared

with that of the general population without diabetes?

What are the new findings?

e Menand women aged <55 years with type 2 diabetes were at markedly elevated excess risk of hospitalisation for

heart failure, with excess risk declining with age

e  Weidentified a markedly elevated excess risk of hospitalisation for heart failure in individuals aged <55 years with
poor glycaemic control and/or poor renal function, while older individuals (>75 years) with HbA:c at target levels or

without albuminuria displayed no significant excess risk

How might this impact on clinical practice in the foreseeable future?

e These findings may help to determine which individuals should be targeted in order to prevent heart failure in type 2

diabetes

Abbreviations
CKD Chronic kidney disease
NDR Swedish National Diabetes Registry

Introduction

The study of the role of type 2 diabetes in the development of
heart failure is somewhat neglected [1] but it is increasingly
being recognised [1, 2]. Heart failure has been shown to be
among the most common initial manifestations of cardiovas-
cular disease in type 2 diabetes [3, 4]; there is a strong corre-
lation between poor glycaemic control among individuals
with type 2 diabetes and risk of heart failure [4, 5]. This is
clinically important because, if shown to be causal, improved
glycaemic control could decrease the risk of developing heart
failure among people with diabetes, although it is becoming
increasingly clear that the mode of glucose reduction is also
critical to heart-failure risk [6].

Incidence and prevalence of heart failure and type 2 dia-
betes both increase with age. Accordingly, most of what we
know about type 2 diabetes as a risk factor for heart failure,
and about predictors of heart failure in the population with
diabetes, is based on studies in people of middle age and older.
Prior studies, using data collected until 1996, have identified
diabetes as a strong predictor of heart failure, particularly in
younger individuals [7, 8]. However, these studies have been
limited in size and, furthermore, prognosis with respect to car-
diovascular outcomes in type 2 diabetes has considerably im-
proved in recent years [9]. Hence, there is a need for updated
information with respect to age-specific risk of heart failure in

type 2 diabetes and predictors of heart failure in this population.
To this end, we created a large dataset by combining detailed
clinical information on adults (men and women) with type 2
diabetes from the Swedish National Diabetes Register (NDR),
with data from age-, sex- and county-matched individuals with-
out diabetes (control group) from the population registry.
Outcome data on hospitalisation for heart failure was available
from the hospital registry. The aims of the study were to esti-
mate age-specific excess risk in people with and without type 2
diabetes and to identify predictors of excess risk of
hospitalisation for heart failure within the diabetic population.

Methods

Study population Individuals with at least one registration in
the NDR from 1 January 1998 until 31 December 2012 were
eligible for inclusion in the study. For each individual, five
control individuals, matched for age (by birth year), sex and
county, were randomly selected from the general population in
Sweden [10]. The cohort consisted of 457,473 individuals with
type 2 diabetes and 2,287,365 matched control individuals. The
study was approved by the ethics review board at the University
of Gothenburg and informed consent was obtained from each
individual registered in the NDR. All personal identifiers were
removed from the combined dataset before analysis.

A flow chart of the selection procedure is presented in
electronic supplementary material [ESM] Fig. 1 (this selection
procedure was used to generate data in Tables 1-2, Figs 1-3,
ESM Tables 2-7 and ESM Figs 2—6). We excluded control
individuals with inconsistent vital data, individuals (both with
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and without diabetes) with previous heart failure (either as a
primary [principal] diagnosis or a contributory diagnosis; see
ESM Table 1 for ICD-9 [www.icd9data.com/2007/Volumel |
and ICD-10 [http://apps.who.int/classifications/icd10/browse/
2016/en] codes; 428 [ICD-9] and 150 [ICD-10] were used to
determine hospitalisation for heart failure for the purposes of
exclusion) and individuals with diabetes where information on
diabetes duration was missing. In the NDR, diabetes duration
was recorded as the time from being diagnosed until first
registration in the NDR and, accordingly, some individuals
may have had type 2 diabetes for several years before
registration, without treatment. In order to obtain a cohort
representative of current management of type 2 diabetes, we
therefore excluded 55,842 individuals with diabetes with a
duration of diabetes >10 years, and their matched controls.
We imputed missing data for HbA ., albuminuria and eGFR.
Imputation was done using first value carried backward
because of the high within-patient correlation for these vari-
ables. We restricted the imputation to values occurring within
365 days of the index date, provided that the individual had
not experienced heart failure or any intervening event (coro-
nary heart disease, stroke, myocardial infarction, atrial fibril-
lation, renal dialysis or transplantation) during that period.
HbA . was missing for 49,103 individuals with diabetes be-
fore imputation; after imputation and applied exclusion
criteria, 9963 had missing HbA . and were excluded along
with their matched controls. Finally, 266,305 individuals with
type 2 diabetes and 1,323,504 matched control individuals
were included in the analysis. From Statistics Sweden, we
retrieved information on income, education (categorised as <
years, 10 to 12 years, or college/university degree) and coun-
try of birth (categorised as Sweden or other) for individuals
with diabetes and controls.

HbA,. is given as mmol/mol according to the International
Federation of Clinical Chemistry and converted into per cent
according to the Diabetes Control and Complications Trial.
Microalbuminuria was defined as two positive results for three
urine samples obtained within 1 year of the first registration,
with positivity defined as an albumin/creatinine ratio of 3—
30 mg/mmol (approximately 30-300 mg/g) or a urinary albu-
min clearance of 20-200 pg/min (20-300 mg/l).
Macroalbuminuria was defined as an albumin/creatinine ratio
of more than 30 mg/mmol (approximately >300 mg/g) or a
urinary albumin clearance of >200 pg/min (>300 mg/1). The
eGFR was calculated by means of the Modification of Diet in
Renal Disease equation [11]. Stage 5 chronic kidney disease
(CKD) was defined as the need for renal dialysis or renal trans-
plantation or as an eGFR of less than 15 ml min ' [1.73 m] 2.

Coexisting conditions and outcomes Information on
coexisting conditions and outcomes was obtained by linkage
to the nationwide Swedish Inpatient and Cause-Specific
Mortality registries for individuals with diabetes and controls.

@ Springer

ICD-9 and -10 codes have been used to define acute myocar-
dial infarction, coronary heart disease, hospitalisation for heart
failure, atrial fibrillation, stroke, renal dialysis or transplanta-
tion (ESM Table 1). Major cardiovascular diagnoses in the
Swedish Hospital Register, including heart failure, have been
validated and found to have high positive predictive values for
these diagnoses [12, 13].

Individuals with type 2 diabetes and control individuals
were followed until first hospitalisation with heart failure as
a primary or contributory diagnosis, until death, or until 31
December 2013. We compared the age- and sex-specific risk
of hospitalisation for heart failure among individuals with type
2 diabetes with the risk in matched control individuals, ac-
cording to HbA,, levels, albuminuria (categorised as
normoalbuminuria, microalbuminuria, macroalbuminuria or
stage 5 CKD) and eGFR levels (categorised as >90 ml min
[1.73 m] 2 >60-90 ml min' [1.73 m] 2, >45-60 ml min '
[1.73 m] 2 >30-45 ml min "' [1.73 m] 2 15-30 ml min "'
[1.73 m] 2, or stage 5 CKD [includes renal dialysis or trans-
plantation or eGFR <15 ml min"' [1.73 m] ~]).

Statistical methods Crude mortality rates are described as
events per 1000 person-years, with 95% exact Poisson Cls.
Survival analyses were performed using Cox regression. To
study the association between HbA . and risk of heart failure,
participants were analysed in three separate age categories
(<55 years, 55-74 years and >75 years; baseline data for the
respective age group are presented in ESM Table 2). We also
analysed the association between albuminuria, e€GFR and heart
failure by age group. Model 1 was adjusted for age, sex and
duration of diabetes. Model 2 was additionally adjusted for
income, education, immigration status and status at baseline
with regard to a history of coexisting conditions (acute myo-
cardial infarction, coronary heart disease, atrial fibrillation,
stroke, and renal dialysis or transplantation). We performed a
subgroup analysis restricted to individuals with diabetes (and
matched control individuals) with normoalbuminuria. Since
we excluded 96,127 individuals with diabetes because of
missing information on diabetes duration or because duration
of diabetes was >10 years, we performed sensitivity analyses,
where we examined participants without excluding diabetic
individuals (and control individuals) because of diabetes dura-
tion (see ESM Fig. 7 for a flow chart of the selection procedure
used to generate data for ESM Figs 8—11).

In the analyses examining the relationship between renal
variables and heart failure, we did not adjust for presence of
renal dialysis or transplantation at baseline. Individuals in the
control group were assigned to a diabetes duration of 0 years
to omit the effect of duration on the hazard estimates for con-
trol individuals, while still allowing for correct modelling of
the association between duration and outcomes among indi-
viduals with diabetes. For individuals with type 2 diabetes,
main Cox models were stratified on diabetes duration, which
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ranged from 0 to 10 years. In models including individuals
with >10 years’ duration of diabetes (and controls), duration
was centred around the population grand mean instead; thus,
the HRs represent the adjusted risks at the mean duration of
diabetes (~5.1 years).

Throughout, only 1-5% of observations were omitted
from the models because of missing data on covariates.
All the analyses were performed with R (R Foundation
for Statistical Programming, www.r-project.org) version
3.2.1.

Results
Participant characteristics

By design, age and sex were equal among the diabetic and
control groups (mean 62 years, 45% women; see Table 1 and

university degree (17.2% vs 26.0%) and fewer were born in
Sweden (81.6% vs 87.4%). Among individuals with diabetes,
mean duration of diabetes was 2.8 years (SD 3.0 years). Those
with high HbA . values were younger, more frequently
smokers, had a greater degree of albuminuria, but higher
eGFR, and lower rates of statin and antihypertensive treatment.

Incidence rates and HRs by sex, age, glycaemic control and
renal function Over a median follow-up of 5.6 years, 18,715/
266,305 (7.0%) of individuals with diabetes and 50,157/
1,323,504 (3.8%) of control individuals were hospitalised
with any diagnosis of heart failure, either as a primary/
principal or contributory diagnosis. Incidence rates of heart
failure hospitalisations were 11.9 and 6.2 per 1000 person-
years for diabetic individuals and control individuals, respec-
tively (Table 2). If only heart failure as a main, or as the first
contributory (secondary) diagnosis was considered, the corre-
sponding rates were 5.9 and 2.7 per 1000 person-years, re-

the flow chart for the final cohort in ESM Fig. 1). A lower
proportion of individuals with diabetes had a college/

spectively. Baseline characteristics for risk factors by age
group are presented in ESM Table 2.

Table 2 Hospitalisation for heart failure
Group Heart failure events Event rate per 1000 Heart failure events Event rate per 1000
(any diagnosis), n person-years (95% CI) (primary or secondary person-years (95% CI)
diagnosis®), n
Overall
Controls 50,157 6.2 (6.2,6.3) 22,259 2.7(2.7,2.8)
T2D 18,715 11.9 (11.8, 12.1) 9326 5.9 (5.7, 6.0)
Individuals with T2D by HbA . [mmol/mol (%)]
<52 (<6.9) 9860 10.8 (10.6, 11.0) 4784 5.2(5.0,5.3)
53-62 (7.0-7.8) 4395 13.4 (13.0, 13.8) 2204 6.6 (6.3, 6.9)
63-72 (7.9-8.7) 2336 13.8 (13.2,14.3) 1208 7.0 (6.6, 7.4)
73-82 (8.8-9.7) 1169 14.5(13.7,15.4) 599 7.3(6.7,7.9)
>83 (29.7) 955 12.5(11.8, 13.4) 531 6.9 (6.3,7.5)
Individuals with T2D by albuminuria and stage 5 CKDP
No albuminuria 9691 9.9 (9.7, 10.1) 4769 4.8 (4.7,5.0)
Microalbuminuria 2386 16.4 (15.7,17.0) 1269 8.5(8.1,9.0)
Macroalbuminuria 1566 25.4(24.1,26.7) 821 12.9 (12.1, 13.9)
Stage 5 CKD 70 31.9 (24.9, 40.3) 28 12.3 (8.2,17.8)
Individuals with T2D by eGFR (ml min ' [1.73 m] ) and stage 5 CKD"
>90 2511 6.3 (6.1, 6.6) 1173 2.9 (2.8,3.1)
60-90 6428 10.1 (9.9, 10.3) 3169 49 4.7,5.1)
45-60 2604 21.1(20.3,21.9) 1294 10.2 (9.7, 10.8)
30-45 989 41.4 (38.9, 44.1) 513 20.6 (18.8,22.4)
15-30 219 65.9 (57.5,75.2) 123 35.2(29.2,42.0)
Stage 5 CKD 70 31.9 (24.9, 40.3) 28 12.3 (8.2,17.8)

95% CI were estimated by exact Poisson confidence limits
# Primary or first contributory (secondary) diagnosis

® Individuals with diabetes who had missing data on albuminuria or ¢GFR were excluded in the respective analyses. Numbers missing; 7 = 5002 for
albuminuria and Stage 5 CKD, n = 5894 for eGFR and Stage 5 CKD

T2D, type 2 diabetes
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Fig. 1 HR (95% CI) for the risk of
hospitalisation for heart failure
among individuals with type 2

Age groups (years) by sex

Model 1 Model 2

Events  HR(95%Cl)  HR (95% Cl)

diabetes by sex and age group,
compared with age- and sex-
matched control individuals from
the general population. Model 1
shows HRs adjusted for age and
duration of diabetes. Model 2
shows HRs adjusted for age,
duration of diabetes, income,
education, marital status,
immigration status, stroke, acute
myocardial infarction, coronary
heart disease, atrial fibrillation and
renal dialysis or transplantation.
The x-axis is plotted on a log,
scale. Events are presented as
numbers (). Black boxes indicate
HRs using Model 2, while error
bars indicate 95% Cls. Plots for

Women

Age <55

Age 275 HiH

Men

Age <55

Age 55-74 HiH

Age 275

Age 55-74 HiH

—a— 798

5.69 (4.38, 7.40) 4.59 (3.50, 6.02)

4120  2.06 (1.90, 2.23) 1.74 (1.60, 1.88)

4172 1.23(1.13,1.33) 1.11 (1.02, 1.21)

2.63 (2.20, 3.14) 2.07 (1.73, 2.48)

6208  1.71(1.60, 1.82) 1.44 (1.35, 1.53)

3083  1.23(1.12,1.35) 1.11(1.01, 1.22)

Model 1 are not shown 9

Absolute age-specific risks for heart failure (as a primary or
any contributory diagnosis) were higher in men with diabetes
than in women with diabetes, increasing from 3.2 per 1000
person-years in men <55 years to 43.7 per 1000 person-years
in men >75 years, and 2.1 per 1000 person-years in women
<55 years to 34.3 per 1000 person-years in women >75 years
(ESM Table 3).

As compared with control individuals, HRs for the risk of
hospitalisation for heart failure after adjustment for age, sex,
duration of diabetes, income, education, marital status, immigra-
tion status, stroke, acute myocardial infarction, coronary heart
disease, atrial fibrillation and renal dialysis or transplantation for

Fig.2 HR (95% CI) for the risk of

women and men aged less than 55 years were 4.59 (95% CI
3.50, 6.02) and 2.07 (95% CI 1.73, 2.48), respectively (Fig. 1).
The excess risk was attenuated with increasing age.
Hospitalisations for heart failure rose with increasing
HbA,,, irrespective of whether the heart failure diagnosis
was as a primary or contributory condition (ESM Table 4,
ESM Fig. 2). The excess risk for heart failure was consider-
ably higher among younger individuals with diabetes with a
monotonic risk increase with higher HbA . in all age groups.
After adjustment for age, sex, duration of diabetes, income,
education, marital status, immigration status, stroke, acute
myocardial infarction, coronary heart discase, atrial

Model 1 Model 2

hospitalisation for heart failure HbA,, mmol/mol (%) by age group (years) Events HR (95% Cl)  HR (95% Cl)
among individuals with type 2
diabetes by HbA in mmol/mol Age <55
(%) by age group, compared with <52 (<6.9) —a— 422 2.43 (2.06,2.86) 1.98 (1.68, 2.34)
age- and sex-matched control 53-62 (7.0-7.8) e 244 3.26 (2.70, 3.93) 2.52 (2.08, 3.06)
individuals from the general 63-72 (7.9-8.7) s 184  3.62(2.95, 4.43) 2.78 (2.27, 3.42)
population. Model 1 shows HRs 73-82 (8.8-9.7) —_—— 135  4.79 (3.84,5.97) 3.73 (2.98, 4.66)
adjusted for age, sex and duration 283 (29.7) —.— 147 5.87 (4.79,7.19) 4.64 (3.77,5.71)
of diabetes. Model 2 shows HRs Age 55-74
at'ijusted ff” age, sex, dur,ation of <52 (<6.9) —— 5222 1.58(1.49,1.66) 1.35 (1.28, 1.43)
dlapetes, 1ncome, e@ucapon, 53-62 (7.0-7.8) —— 2380  1.90(1.78,2.02) 1.61(1.51,1.72)
Isltlrifil zits;ri?gﬁ?;m status, 63-72 (7.9-8.7) —.— 1373 2.28 (2.12,2.45) 1.91 (1.77,2.05)
infarction, coronary heart disease, 73-82 (8.8-9.7) —— 736 2.92(2.67,3.18) 2.45 (2.24, 2.67)
atrial fibrillation and renal dialysis >83 (29.7) —— 617  3.16(2.89, 3.46) 2.64 (2.41,2.90)
or transplantation. The x-axis is Age 275
plotted on a log, scale. Events are <52 (<6.9) He— 4216 1.14(1.07,1.21) 1.03(0.97, 1.10)
presented as numbers (n). Black 53-62 (7.0-7.8) —a— 1771 1.37 (1.27, 1.48) 1.24 (1.15, 1.34)
boxes indicate HRs using Model 2, 63-72 (7.9-8.7) —a— 779 1.44(1.31,1.58) 1.28 (1.16, 1.40)
while error bars indicate 95% Cls. 73-82 (8.8-9.7) —— 208 1.54 (1.35, 1.75) 1.37 (1.20, 1.56)
Plots for Model 1 are not shown >83 (29.7) — 191 1.52(1.31,1.76) 1.35(1.16, 1.58)
T T T 1
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Fig. 3 HR (95% CI) for the risk
of hospitalisation for heart failure
among individuals with type 2
diabetes by albuminuria and stage
5 CKD by age group, compared
with age- and sex-matched
control individuals from the
general population. Model 1
shows HRs adjusted for age, sex
and duration of diabetes. Model 2
shows HRs adjusted for age, sex,
duration of diabetes, income,
education, marital status,
immigration status, stroke, acute
myocardial infarction, coronary
heart disease and atrial
fibrillation. The x-axis is plotted
on a log, scale. Events are
presented as numbers (n). Black
boxes indicate HRs using Model
2, while error bars indicate 95%
ClIs. Plots for Model 1 are not
shown. 5002 events are missing
because of missing data on
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Model 1 Model 2
Albuminuria and stage 5 CKD by age group (years) Events HR (Cl 95%) HR (Cl 95%)
Age <55

No albuminuria
Microalbuminuria
Macroalbuminuria
Stage 5 CKD
Age 55-74
No albuminuria
Microalbuminuria
Macroalbuminuria
Stage 5 CKD
Age 275
No albuminuria
Microalbuminuria

Macroalbuminuria

albuminuria and stage 5 CKD
Stage 5 CKD

—a— 625 276 (2.32,3.28) 2.17 (1.82,2.59)
—a— 158 4.78 (3.82,5.98) 3.60 (2.86, 4.52)
—a— 94 7.04 (5.44,9.12) 5.34 (4.1, 6.94)

— 6 12.6 (5.55, 28.4) 9.38 (4.14,21.3)

5468  1.55(1.45,1.64) 1.34 (1.26, 1.42)
1411 2.45(2.26,2.64) 2.01 (1.86,2.17)
. 884 355 (3.25, 3.87) 2.70 (2.47, 2.95)

—a— 49 6.56 (4.93, 8.73) 4.39 (3.29, 5.86)

3598 1.08(0.99, 1.16) 0.99 (0.91, 1.07)
817 1.40(1.27,1.55) 1.25(1.13,1.39)

588 1.70(1.52,1.89) 1.50 (1.34, 1.68)

—_—— 15 3.18 (1.91,5.31) 2.66 (1.56, 4.51)

fibrillation and renal dialysis or transplantation, the youngest
individuals with diabetes had a 2.0—4.6-fold higher risk,
whereas the oldest diabetic individuals with HbA,. below
the target level of <52 mmol/mol (6.9%) displayed no signif-
icant excess risk of hospitalisation for heart failure (Fig. 2).
Overall HRs are presented in ESM Fig. 2.

Deteriorating renal function, whether defined as micro- or
macroalbuminuria (ESM Fig. 3) or as decreasing eGFR (ESM
Fig. 4), was associated with excess risk of hospitalisation for
heart failure; this association was less pronounced with in-
creasing age (Fig. 3 and ESM Fig. 5). The relationship be-
tween eGFR and hospitalisation for heart failure was, howev-
er, slightly J-shaped with eGFR >60-90 ml min ' [1.73 m] >
displaying the lowest excess risk (ESM Fig. 4). Incidence
rates by age and indicators of renal function are shown in
ESM Tables 5 and 6.

In a further step, we restricted our analysis of the associa-
tion between glycaemic control and heart failure to diabetic
individuals without albuminuria (n=159,089). In the fully
adjusted model, individuals with diabetes who were younger
than 75 years with HbA . within target still had a higher ex-
cess risk compared with control individuals (ESM Fig. 6).
Among participants aged <55 years, adjusted HRs increased
from 1.70 (95% CI 1.36, 2.12) to 4.05 (95% CI 3.03, 5.40),
from those with the best to the poorest glycaemic control.

In ESM Table 7, the characteristics for the individuals with
diabetes with missing HbA | data, presented in the flow chart
(ESM Fig. 1), are displayed alongside the characteristics of the
overall cohort included in the study.

HR

A sensitivity analysis (second flow-chart for sensitivity
analyses in ESM Fig. 7), which included individuals with
missing information on diabetes duration at baseline and those
with diabetes duration >10 years (ESM Figs 8-11), displayed
largely the same associations as with our original cohort, but
with slightly higher relative risk estimates.

Discussion

In this nationwide study of 266,305 individuals with type 2
diabetes and population-based age- and sex-matched control
individuals, excess risk of hospitalisation for heart failure
among people with diabetes varied from mildly elevated to
markedly high excess risk, particularly in younger individuals,
especially younger women, and in those with poor glycaemic
control, and/or impaired renal function.

Young people (<55 years) with good glycaemic control
experienced a twofold excess risk, whereas those with poor
glycaemic control experienced a 4.6-fold excess risk of
hospitalisation for heart failure compared with control individ-
uals. There was a successive attenuation of risk with increas-
ing age, such that older diabetic individuals (>75 years) with
good glycaemic control experienced no (or only a slight) ex-
cess risk, and no excess risk at all in the absence of albumin-
uria. Similarly, there was a steady increase in excess risk with
declining kidney function, whether measured as decreasing
eGFR or micro- or macroalbuminuria. Here, too, the excess
risk was attenuated with increasing age.
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Young women with diabetes experienced an almost fivefold
increased risk of hospitalisation for heart failure, while there
was a twofold excess risk among young men: a greater excess
risk than that seen for cardiovascular disease mortality [7]. This
was due to the overall low absolute risk in women below
55 years in the general population, but the absolute rates in
women with diabetes of this age group were also lower than
in men with diabetes. Absolute risk was higher in men at any
age, in diabetic individuals as well as control individuals. Sex
differences in both absolute and relative risks decreased with
age. Both diabetes and male sex are known to be associated
with increased risk of heart failure [2, 14, 15]. Our findings are
in accordance with cohort studies that have demonstrated that
diabetes increases the risk of heart failure more in women than
in men [16]. We are not aware of any study, however, that has
quantified age-specific relative risks for heart failure associated
with diabetes in men and women. Further work is needed to
explain the higher relative risk for heart failure in women com-
pared with men with diabetes. Of interest, in order to develop
diabetes, women have to put on more weight than do men, and
obesity is also a risk factor for heart failure [17].

In a previous study, we found that the excess risk of death
and cardiovascular death did not persist among older individ-
uals with type 2 diabetes after adjusting for confounders,
which in part implies that preventive strategies may have
succeeded to halt premature death in a large proportion of
the diabetic population [10]; but, even so, diabetes appears
to be a much more toxic condition in the young. However,
when considering older individuals with diabetes, survival
bias must be kept in mind, where people with a very long
duration of diabetes might not survive to advanced age. Still,
because we restricted our sample to individuals with a diabe-
tes duration of <10 years, this effect would have been less-
ened. Our current study, however, shows that diabetes confers
a near-ubiquitous but varying excess risk of heart failure in all
age groups and at all levels of glycaemic control; however, not
in older people in the absence of albuminuria, or whose blood
glucose is well controlled. This adds important knowledge to
the increasing body of evidence suggesting that heart failure is
a diabetes-related complication, and adds information to prior
findings of high rates of heart failure in cohorts with type 2
diabetes in the UK and the USA [3, 18].

In the group with diabetes, those with good glycaemic con-
trol were less often smokers and more frequently treated with
antihypertensives, but had lower eGFR. Judging from the char-
acteristics of the groups, we did not find any obvious con-
founders that might invalidate the excess risk of hospitalisation
for heart failure associated with poor glycaemic control. As a
group, control individuals should have had lower levels of risk
factors, meaning that the independent effect of diabetes might
have been overestimated. In a previous study including only
people with type 2 diabetes, we showed that glycaemic control
was an independent predictor of developing heart failure, even
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after adjusting for an array of covariates [4]. We have also
demonstrated the same association between blood glucose
and risk of hospitalisation for heart failure among people with
type 1 diabetes [19], who, as a group, do not display the same
obesity-related disorders as people with type 2 diabetes.

Heart failure is a common consequence of type 2 diabetes
[2]. The association is caused by the role of diabetes as a risk
factor for coronary heart disease, as well as by the often-
coexisting hypertension and obesity that might accelerate heart
failure, and the potential direct effects of diabetes on the myo-
cardium. This apparent ‘diabetic cardiomyopathy’ may arise
from multiple causes, including disease of the interstitium (e.g.
fibrosis), as well as direct myocardial effects, including distur-
bances of glucose and fatty acid metabolism [1].

Given that heart failure is common and is associated with
poor prognosis among individuals with diabetes [20], effec-
tive therapies are much needed. However, in a meta-analysis,
no benefit on heart failure was observed with intensive vs
relaxed glucose control (although these studies used older
glucose-lowering drugs [21]), and neither has any glucose-
lowering medication proven effective in preventing develop-
ment of heart failure. However, the Empagliflozin,
Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients (EMPA-REG OUTCOME) study reported
that empagliflozin, which promotes excretion of glucose
(and sodium) by inhibiting sodium—glucose cotransporter 2
(SGLT-2) in the kidneys, brought about a 34% reduction in
the risk of hospitalisation for heart-failure [6].

The strength of the present study, in addition to having age-
and sex-matched control individuals from the general popula-
tion, lies in the longitudinal design, large size and national
coverage of the study population, near-complete ascertainment
for heart-failure hospitalisations and the presence of important
covariates. To avoid possible bias in the estimation of excess
risks from older management strategies and to provide data
applicable to the current treatment of diabetes, we excluded
individuals with diabetes duration >10 years before registration
in the NDR, still generating a uniquely large sample of individ-
uals with type 2 diabetes. However, there are also a few limita-
tions to this study; we only assessed hospital admissions for
heart failure, which means that milder cases managed in an
outpatient setting were not included. However, heart-failure
hospitalisation represents a well-validated and specific outcome
[12, 13], and potential misclassification of heart-failure diagno-
ses would likely not vary by diabetes status or glycaemic con-
trol. Moreover, we did not have data on several important risk
factors for the control individuals, such as blood pressure and
body weight; these would have been desirable since both high
BMI and hypertension lie on the causal pathway to heart failure.

In conclusion, we found that younger men and women with
type 2 diabetes are at markedly high excess risk of
hospitalisation for heart failure compared with age- and sex-
matched control individuals. The excess risk declines with age,
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but persists in all age groups; however, it does not apply to the
fairly large subgroup of individuals aged 75 and older with
HbA, at target level or without albuminuria. In all other indi-
viduals, the risk increases markedly with poor glycaemic control
and impaired renal function. In Sweden, the prevalence of dia-
betes is still low at about 6% in adults [22], but given the steep
rise in type 2 diabetes worldwide, diabetes could contribute
increasingly to the global burden of early-onset heart failure.
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