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OBJECTIVEdTo investigate the potential relationship between overweight, obesity, and se-
vere obesity and the risk of hospitalization for heart failure (HF) in patients with type 1 diabetes.

RESEARCH DESIGN AND METHODSdWe studied patients with type 1 diabetes in-
cluded in the Swedish National Diabetes Registry during 1998–2003, and they were followed up
until hospitalization for HF, death, or 31 December 2009. Cox regression was used to estimate
relative risks.

RESULTSdIn a sample of 20,985 type 1 diabetic patients (mean age, 38.6 years; mean BMI,
25.0 kg/m2), 635 patients were hospitalized with HF as a primary or secondary diagnosis
during a median follow-up of 9.1 years. Cox regression adjusting for age, sex, diabetes duration,
smoking, HbA1c, systolic and diastolic blood pressures, and baseline and intercurrent comor-
bidities (including myocardial infarction) showed a significant relationship between BMI and
hospitalization for HF (P, 0.0001). In reference to patients in the BMI 20–25 kg/m2 category,
hazard ratios (HRs) were as follows: HR 1.22 (95% CI, 0.83–1.78) for BMI,20 kg/m2; HR 0.94
(95% CI, 0.78–1.12) for BMI 25–30 kg/m2; HR 1.55 (95% CI, 1.20–1.99) for BMI 30–35 kg/m2;
and HR 2.90 (95% CI, 1.92–4.37) for BMI $35 kg/m2.

CONCLUSIONSdObesity, particularly severe obesity, is strongly associated with hospital-
ization for HF in patients with type 1 diabetes, whereas no similar relation was present in over-
weight and low body weight.

Diabetes Care 36:2857–2861, 2013

Heart failure (HF) is a growing public
health issue, and it was recently
estimated that nearly 6 million

Americans older than age 20 had a clinical
diagnosis of HF (1). By 2030, an addi-
tional 3 million people in the United
States are predicted to have HF, a 25%
increase in prevalence from 2010 (1).
HF also is associated with poor prognosis,
with an age-adjusted 5-year mortality rate
of 50% after onset (2,3) even in the setting
of modern treatment (4). Patients with

symptomatic HF have a significant impact
on health care spending in industrialized
countries (5,6). Consequently, identifying
risk factors and striving to prevent clinical
HF through treatment should be a high
priority, as should early identification of
preclinical HF in high-risk populations,
such as patients with diabetes.

Patients with type 1 diabetes have
been shown to be at particularly high risk
for HF. Recent work from our group
demonstrated that not only poor diabetes

control but also BMI was independently
associated with increased risk of HF, but
the nature of the association between BMI
and hospitalization for HF was not ex-
plored (7).

Obesity also has been shown to be an
important risk factor for HF in the general
population (8), and in several studies obe-
sity has shown a graded increase in risk
across BMI categories (9,10). In this
study, we examined whether an associa-
tion exists between overweight or modest
obesity and major increases in risk of HF,
or if these risks primarily are limited to
more severe stages of obesity.

RESEARCH DESIGN AND
METHODSdData were obtained from
the Swedish National Diabetes Registry
(NDR), a nationwide quality-assurance
instrument in diabetes care that is linked
with outcomes data from the Swedish
Hospital Discharge Registries (7). We
identified a cohort of all patients included
within the NDR during 1998–2003 aged
18 or older who had type 1 diabetes and
no known HF according to the hospital
discharge register (registrations since
1987). Patients were followed-up until
hospitalization for HF, death, or until
31 December 2009. Risk factors tracked
in the NDR include blood pressure,
HbA1c, blood lipids, weight, height, dia-
betes complications (e.g., microalbumi-
nuria and retinopathy), and treatment
regimens.

Type 1 diabetes is defined in the NDR
as receiving treatment with insulin only
and onset at age 30 years or younger.
These characteristics previously have
been validated as accurate in 97% of cases
(11). The study was approved by the re-
gional Ethics Review Board at the Univer-
sity of Gothenburg (Gothenburg, Sweden),
and all participants provided verbal in-
formed consent for inclusion in the
NDR.

Variables assessed were age, sex, dura-
tion of diabetes, BMI, systolic and diastolic
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blood pressures, LDL cholesterol, HDL
cholesterol, HbA1c, and smoking status.
Blood pressure was registered using the
standard method in Sweden as the mean
value of two supine readings (Korotkoff
1–5) with an appropriately sized cuff and
after at least 5 min of rest. Antihyperten-
sive medications also were recorded in
the NDR. BMI was calculated as body
weight (kg) divided by height (m2).

In Sweden, it is mandatory to register
principal and contributory discharge di-
agnoses for all patients in the hospital
discharge register. Diagnosis at discharge
is coded according to the ICD-10 after
1996 (ICD-10 1st and 2nd editions). For
this study, data from the national hospital
discharge and cause-specific death regis-
ters were linked through personal identi-
fication numbers, which are unique to
each Swedish citizen. The diagnosis of HF
in the Swedish Hospital Discharge Registry
has been validated, showing 95% accuracy
for primary diagnoses and 82% irrespective
of diagnosis position (12).

Patients were followed-up from their
first inclusion in the NDR in 1998–2003
until hospital admissionwith a primary or
secondary discharge diagnosis for HF,
death, or 31 December 2009. Analyses
also were performed using only a primary
diagnosis of HF as an end point. The ICD-
10 code used for hospitalization for HF
was I50. Besides HF, we retrieved diagno-
ses of atrial fibrillation (I48), valve disease
(I05–I09 and I34–I36), and myocardial
infarction (I21) from the hospital dis-
charge register.

Hospitalization for HF was studied in
relation to categories of BMI, adjusting for
other risk factors as well as for cardiovas-
cular comorbidities and antihypertensive
medication.

Statistical analysis
Statistical modeling and analyses were
performed using methods consistent with
previous studies (7,13).

Incidence rates categorized by BMI
We calculated unadjusted incidence rates
of HF by dividing the number of patients
with HF by the number of patient-years of
follow-up in a particular BMI category
and reported these as events per 1,000
years of follow-up. Studied categories
were estimated by updated mean BMI and
classified as ,20.0 kg/m2, 20–25 kg/m2,
25–30 kg/m2, 30–35 kg/m2, and $35
kg/m2. The updated mean BMI was de-
fined as the mean value that was updated
each time a new BMI measurement was

made (e.g., when the third measurement
from baseline was performed, the updated
mean BMI was the mean of the first three
values). The updated mean BMI variable
takes into account all BMI values during
the exposure period (14). Incidence rates
were adjusted for age, sex, and diabetes
duration, estimated using Poisson regres-
sion, and reported as 1,000 patient-years
of follow-up.

Risk estimates
A Cox proportional hazards model was
constructed to study potential relation-
ships between patient characteristics and
HF. Updated means of BMI and systolic
and diastolic blood pressure were in-
cluded as time-dependent covariates.
Age, sex, and diabetes duration were
used as baseline variables. Atrial fibrilla-
tion, valve disease, and myocardial in-
farction were included as 0/1 binary
variables from year 1987 (myocardial in-
farction) or 1997 (atrial fibrillation, valve
disease) in the following way: those who
had experienced an event before study
entry had an event indicator equal to 1
throughout their follow-up time, and
those who experienced the event dur-
ing follow up received an indicator
value equal to 1 from that time and on-
ward. Smoking was included as a time-
dependent variable with three possible
categories (smoker, nonsmoker, no in-
formation) at each registration during
follow-up. Similarly, the information re-
garding blood pressure medications at
each registration (yes, no, no information)
was included as a time-dependent variable.

RESULTS

Patient characteristics
We identified 20,985 patients from the
NDR with type 1 diabetes (45% women
and 55% men). The patients were di-
vided into five categories according to
BMI (,20, 20–25, 25–30, 30–35, and
$35 kg/m2). Baseline characteristics
for the entire cohort and by category of
BMI are shown in Table 1. There were no
major differences in age between the
groups at inclusion, but 71% of patients
with BMI.35 kg/m2 were women com-
pared with 45% of women in the overall
cohort.

There were no major differences in
glycemic control in the various BMI
groups, whereas systolic and diastolic
blood pressures showed an increasing
trend with higher BMI. Smoking was
most common in patients with low BMI

(,20 kg/m2), with a prevalence of 31.3%
compared with ;20% for other BMI
groups. A history of myocardial infarction
was more common in patients with BMI
25–30 kg/m2 and 30–35 kg/m2 than in
the other BMI categories.

Incidence of HF
Among all patients, 635 (3%) were ad-
mitted for a primary or secondary diag-
nosis of HF during a median follow-up of
9 years, with an incidence of 3.38 events
per 1,000 patient-years (95% CI, 3.12–
3.65). Unadjusted rates of HF by category
of BMI are presented in Table 2. The re-
lation between BMI and HF was slightly
J-formed, with the unadjusted incidence
of HF lowest for patients with BMI 20–25
kg/m2 being 2.83 (95% CI, 2.51–3.20)
events per 1,000 patient-years. HF in-
creased with higher BMI. The incidence
of HF was 7.87 (95% CI, 5.36–11.6)
events per 1,000 patient-years in patients
with BMI .35 kg/m2.

Fig. 1 displays the incidence of HF for
patients 41–50 years old and 51–60 years
old by category of updatedmean BMI and
according to diabetes onset at ages 11–20
years and older than 20 years. Men 61
years or older with BMI $35 kg/m2

who had diabetes onset at ages 0–10 years
experienced the highest rates of HF
events, 108 (95% CI, 70–168) per
1,000 patient-years. The rate in women
corresponding to the same categories was
88 (95% CI, 57–134) events per 1,000
patient-years.

The estimated mean incidence rates
for those with age at onset of 10 years or
younger are consistently higher, but with
wider CIs because of fewer numbers and
events, as compared with those with older
age at onset in the age groups shown in
Fig. 1.

Relative risks of HF
Table 3 shows that patients with BMI
,20 kg/m2 or BMI 25–30 kg/m2 did
not have significantly increased risks of
HF compared with patients with a BMI
of 25–30 kg/m2. Significantly increased
risks for HF were noted among patients
with BMI 30–35 and BMI $35 kg/m2,
with hazard ratio (HR) of 2.09 (95%
CI, 1.63–2.68) and HR of 3.77 (95%
CI, 2.51–5.66), respectively, after ad-
justment for age, sex, and duration of
diabetes. Further adjustment for smoking,
HbA1c, and systolic and diastolic blood
pressures slightly reduced these estimates
(Table 3). In a final model, additionally
adjusting for cardiovascular comorbidities
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and antihypertensive medications, BMI 30–
35 was associated with HR of 1.55 (95%
CI, 1.20–1.99) and BMI $35 kg/m2 was
associated with HR of 2.90 (95% CI,
1.92–4.37; Table 3). Restricting the anal-
ysis in the fully adjusted model to the
288 patients with a principal diagnosis
of HF yielded similar results; no in-
creased risks for hospitalization for HF
were found at BMI ,20 kg/m2 or BMI
25–30 kg/m2 (Table 3). The relative
risk increase of hospitalization for HF
for the two upper categories of BMI
were numerically higher than when ana-
lyzing primary and secondary diagnoses
as a composite end point but CIs were
wide (Table 3).

CONCLUSIONSdIn this study of
20,985 type 1 diabetic patients followed-
up over 9 years, we found obesity (de-
fined as BMI.30 kg/m2) to be associated
with a markedly increased risk of hospi-
talization for HF. However, overweight,
defined as BMI 25–30 kg/m2, was not as-
sociated with any increased risk of hospi-
talization for HF. The incidence of HF
was high, especially in patients with obe-
sity and severe obesity ($35 kg/m2),
demonstrating that BMI has a large clinical
impact on the need for hospitalization for
HF in this population. Similar results were
found when analyzing HF as a primary di-
agnosis and as a composite end point of
primary and secondary diagnoses of HF.

Although not a predefined study objective,
it is noteworthy that .70% of type 1 pa-
tients with diabetes with BMI .35 kg/m2

were women compared with 45% in the
total cohort.

To our knowledge, there are no pre-
vious studies investigating the level of
BMI associated with the lowest risk for HF
in patients with type 1 diabetes or the
risks that exist for HF at various BMI
levels in this patient group. The increase
in risk of hospitalization for HF in pa-
tients with BMI $35 kg/m2 in this study
was almost three-times that for patients
with normal weight. In patients with
BMI 30–35 kg/m2, there was also a
marked increase in risk of 55%, with the
lower bound of the CI at 20%. For over-
weight patients, no significant increase in
risk was found in contrast to studies based
on general population samples in which
graded associations in some studies have
been present (9,10,15,16), although a
higher BMI cut-off for defining over-
weight was used in one of these studies.

In contrast to type 2 diabetes, obesity
is not implicated as a causal factor in type
1 diabetes and maintaining normal
weight is accordingly less of a focus in
clinical practice of patients with type 1
diabetes. Because most patients with type

Table 1dCharacteristics of 20,985 type 1 diabetic patients by categories of BMI at first inclusion in the register in 1998–2003

BMI categories at baseline

All ,20 20–25 25–30 30–35 $35

N 20,985 1,049 10,700 7,358 1,540 338
BMI, kg/m2, mean (SD) 25.0 (3.7) 19.0 (0.9) 22.9 (1.3) 27.0 (1.4) 31.8 (1.4) 37.9 (3.9)
Men 11,522 (54.9) 456 (43.5) 5,837 (54.6) 4,394 (59.7) 738 (47.9) 97 (28.7)
Women 9,463 (45.1) 593 (56.5) 4,863 (45.4) 2,964 (40.3) 802 (52.1) 241 (71.3)
Age, years, mean (SD) 38.6 (13.2) 37.7 (14.7) 38.0 (13.4) 39.5 (12.9) 39.7 (13.0) 38.4 (12.3)
Duration, years, mean (SD) 23.1 (13.7) 22.0 (15.3) 22.8 (13.8) 23.9 (13.3) 23.2 (13.0) 20.1 (13.5)
Age at onset, years, mean (SD) 15.5 (7.7) 15.7 (7.6) 15.2 (7.6) 15.6 (7.8) 16.5 (8.0) 18.3 (7.6)
HbA1c, %, mean (SD) 8.18 (1.34) 8.4 (1.6) 8.1 (1.4) 8.2 (1.2) 8.4 (1.3) 8.4 (1.5)
Systolic BP, mmHg, mean (SD) 129.0 (17.3) 125.0 (18.4) 127.3 (16.9) 130.8 (17.0) 134.2 (18.2) 133.3 (17.8)
Diastolic BP, mmHg, mean (SD) 74.4 (8.9) 72.8 (9.2) 73.5 (8.7) 75.3 (8.8) 77.0 (8.9) 78.0 (9.7)
Smoking registered at baseline

or on any subsequent occasion
Not registered 688 (3.3) 40 (3.8) 345 (3.2) 224 (3.0) 67 (4.4) 12 (3.6)
None registered 15,770 (75.2) 681 (64.9) 7,931 (74.1) 5,734 (77.9) 1,168 (75.8) 256 (75.7)
$1 registration 4,527 (21.6) 328 (31.3) 2,424 (22.6) 1,400 (19.0) 305 (19.8) 70 (20.7)

Cardiovascular disease/medication
registered at baseline or on
any subsequent occasion

Myocardial infarction 1,145 (5.5) 46 (4.4) 505 (4.7) 463 (6.3) 116 (7.5) 15 (4.4)
Atrial fibrillation 230 (1.1) 5 (0.5) 106 (1.0) 94 (1.3) 22 (1.4) 3 (0.9)
Valve disease 95 (0.5) 4 (0.4) 42 (0.4) 42 (0.6) 6 (0.4) 1 (0.3)
BP medication 10,230 (48.8) 419 (39.9) 4,695 (43.9) 3,934 (53.5) 960 (62.3) 222 (65.7)

Data presented as n (%) unless otherwise stated. BP, blood pressure.

Table 2dFirst hospitalizations for HF per 1,000 patient-years with 95% CIs by updated BMI
categories estimated using Poisson regression

Updated mean BMI categories

All ,20 20–25 25–30 30–35 $35

Patient-years 187,894 7,802 92,870 69,417 14,501 3,305
Cases, N 635 30 263 232 84 26
Cases per 1,000
patient-years, N 3.85 2.83 3.34 5.79 7.87

95% CI 2.69–5.50 2.51–3.20 2.94–3.80 4.68–7.17 5.36–11.6
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2 diabetes are overweight or obese and
glucose levels can normalize in some
patients after weight reduction, this is
usually an important part of integrated
diabetes care. Our findings indicate that
given the substantial risk of cardiovascu-
lar disease in type 1 diabetic patients, it is
crucial for clinicians to also address
weight issues in type 1 diabetes. Because
many patients are normal weight when
diabetes is diagnosed, careful monitoring
of weight with a view tomaintaining normal
weight is probably more essential than pre-
viously thought. Although overweight was
not associated with an increased risk of
HF, higher BMI levels probably increase
the risk of future obesity. Our finding that

71% of patients with BMI .35 kg/m2

were women is potentially important, al-
though this should be tested in other
populations given that it could be a ran-
dom finding. If not random, especially
because the proportion was much higher
than in the entire cohort (45%), then itmay
indicate that severe obesity is a greater
problem in women than in men with
type 1 diabetes.

There are some limitations to our
study. First, because only hospitalizations
for HF were studied, it is likely that earlier
stages of HF were underestimated. Second,
although we found a strong association
between obesity and hospitalization for
HF, we do not know if higher risk is

reversible with weight loss. Strengths of
the study are the large sample size and
population basis and information regard-
ing cardiovascular comorbidities and risk
factors for diabetes complications, which
we were able to control for in our statis-
tical models.

In conclusion, obesity, particularly
severe obesity, is a strong risk factor for
hospitalization for HF in patients with
type 1 diabetes, whereas overweight and
low body weight shows no similar re-
lation. A greater clinical focus on reducing
body weight in obese patients with type 1
diabetes may be essential to reduce the
increased risk of cardiovascular disease in
this population, as well as to potentially

Figure 1dIncidence rates with 95% CIs for HF by updated mean BMI category in patients with type 1 diabetes diagnosed at 11–20 years of age or
after 20 years of age and belonging to two different age groups. Incidence estimations were made using a Poisson regression model including age, age
at onset, sex, and updated mean BMI as explanatory variables.

Table 3dAdjusted HRs for the development of HF and 95% CI for updated BMI categories examined using Cox regression

Model 1 Model 2 Model 3 Primary diagnoses model 3

BMI HR 95% CI HR 95% CI HR 95% CI Cases HR 95% CI

,20 1.12 0.76–1.63 1.06 0.73–1.56 1.22 0.83–1.78 9 0.87 0.44–1.73
20–25 (reference) 1.00 1.00 1.00 115 1.00
25–30 1.16 0.97–1.39 1.09 0.91–1.30 0.94 0.78–1.12 106 0.95 0.73–1.24
30–35 2.09 1.63–2.68 1.86 1.45–2.38 1.55 1.20–1.99 41 1.79 1.24–2.57
$35 3.77 2.51–5.66 3.42 2.27–5.14 2.90 1.92–4.37 17 4.50 2.67–7.60

Model 1 is adjusted for age, sex, diabetes duration. Model 2 is additionally adjusted for smoking, HbA1c, systolic BP, and diastolic BP. Model 3 is as model 2, ad-
ditionally adjusted for baseline intercurrent comorbidities and blood pressure medication. Primary diagnosesmodel 3 includes adjustedHRs as inmodel 3, but here in
a subgroup analysis of primary HF diagnoses including 20,638 patients and 288 cases.
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improve the effects of intensive glycemic
control by reducing insulin resistance.
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