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CONGESTIVE HEART FAILURE

(CHF) is a major cause of
morbidity and mortality. The
age-adjusted mortality for pa-

tients with CHF is 4 to 8 times that of
the general population.1 The predomi-
nant causes of heart failure are hyper-
tension and coronary heart disease.
Other established risk factors for CHF
include left ventricular hypertrophy
(LVH), valvular heart disease, diabe-
tes, cigarette smoking, obesity, and dys-
lipidemia.1-4

Diabetes as a predictor of subsequent
CHF was first described in the Framing-
ham Heart Study 3 decades ago,5 and the
disease is frequently cited as a risk fac-
tor for CHF.1,2,6,7 Yet, more detailed char-
acterizations of the association between
diabetes and subsequent CHF are still
lacking. In recent years, associations be-
tween diabetes or impaired glucose regu-
lation and altered left ventricular geom-
etry and function have been reported.8-10

Furthermore, in patients with manifest
CHF, insulin resistance is associated with
more severe disease and a worse prog-
nosis,11-13 but insulin resistance has not
been investigated as a predictor of CHF.
Obesity is a more recently described risk
factor for CHF3,6,7 and is also associated
with changes in left ventricular geom-
etry and function.14 Abdominal obesity
is closely associated with insulin resis-
tance and manifest diabetes.15

We hence hypothesized that insu-
lin resistance may predict CHF and

may provide the link between obesity
and CHF. Our primary aim was to
analyze measures of insulin sensitiv-
ity (including euglycemic insulin
clamp glucose disposal rate) and
secretion as predictors of CHF inci-
dence in a community-based sample
of elderly men, adjusting for diabetes
and other traditional risk factors for
CHF. Our secondary aim was to ana-
lyze if the previously described asso-
ciation between obesity and CHF
may be mediated by insulin resis-
tance.

METHODS
Study Sample
The study is based on the Uppsala Lon-
gitudinal Study of Adult Men cohort
(http://www.pubcare.uu.se/ULSAM/), a
health investigation focusing on iden-
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Context Diabetes and obesity are established risk factors for congestive heart fail-
ure (CHF) and are both associated with insulin resistance.

Objective To explore if insulin resistance may predict CHF and may provide the link
between obesity and CHF.

Design, Setting, and Participants The Uppsala Longitudinal Study of Adult Men,
a prospective, community-based, observational cohort in Uppsala, Sweden. We in-
vestigated 1187 elderly (�70 years) men free from CHF and valvular disease at base-
line between 1990 and 1995, with follow-up until the end of 2002. Variables reflect-
ing insulin sensitivity (including euglycemic insulin clamp glucose disposal rate) and
obesity were analyzed together with established risk factors (prior myocardial infarc-
tion, hypertension, diabetes, electrocardiographic left ventricular hypertrophy, smok-
ing, and serum cholesterol level) as predictors of subsequent incidence of CHF, using
Cox proportional hazards analyses.

Main Outcome Measure First hospitalization for heart failure.

Results One hundred four men developed CHF during a median follow-up of 8.9
(range, 0.01-11.4) years. In multivariable Cox proportional hazards models adjusted
for established risk factors for CHF, increased risk of CHF was associated with a 1-SD
increase in the 2-hour glucose value of an oral glucose tolerance test (hazard ratio
[HR], 1.44; 95% confidence interval [CI], 1.08-1.93), fasting serum proinsulin level
(HR, 1.29; 95% CI, 1.02-1.64), body mass index (HR, 1.35; 95% CI, 1.11-1.65), and
waist circumference (HR, 1.36; 95% CI, 1.10-1.69), whereas a 1-SD increase in clamp
glucose disposal rate decreased the risk (HR, 0.66; 95% CI, 0.51-0.86). When adding
clamp glucose disposal rate to these models as a covariate, the obesity variables were
no longer significant predictors of subsequent CHF.

Conclusions Insulin resistance predicted CHF incidence independently of estab-
lished risk factors including diabetes in our large community-based sample of elderly
men. The previously described association between obesity and subsequent CHF may
be mediated largely by insulin resistance.
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tifying metabolic risk factors for car-
diovascular disease, to which all 50-
year-old men living in Uppsala, Sweden,
in 1970-1974 were invited. Of these,
2322 (82%) participated in the inves-
tigation.16 The cohort was reinvesti-
gated 20 years later (1990-1995, ie, the
baseline of the present study). Of the
1681 available 70-year-old men in-
vited to the follow-up investigation,
1221 (73%) attended. For the present
study, 20 participants were excluded
due to a previous diagnosis of CHF and
14 due to a diagnosis of valvular dis-
ease in the hospital discharge register
at baseline. Thus, 1187 men were eli-
gible for the present investigation. We
examined a subsample of 1061 non-
diabetic men after exclusion of all par-
ticipants with diabetes at baseline
(n=126). Furthermore, we examined
a subsample of 1034 nonobese men af-
ter exclusion of all men with body mass
index (BMI) (calculated as weight in ki-
lograms divided by the square of height
in meters) greater than 30 at baseline
(n=153) and another subsample of 433
normal-weight men after exclusion of
all men with BMI greater than 25 at
baseline (n=754). All participants gave
written informed consent, and the eth-
ics committee of Uppsala University ap-
proved the study.

Baseline Examinations

Examinations performed when the par-
ticipants were 70 years of age in-
cluded a medical examination, a ques-
tionnaire, blood sampling (after an
overnight fast), supine blood pressure
measurement, anthropometric mea-
surements, a euglycemic insulin clamp,
an oral glucose tolerance test (OGTT),
and measurement of insulin, proinsu-
lin, and lipid levels as previously de-
scribed.10,17 Insulin sensitivity was de-
termined using the euglycemic insulin
clamp technique, according to De-
Fronzo et al,18 with a slight modifica-
tion: insulin was infused at a constant
rate of 56 instead of 40 mU/(min�m2)
to achieve nearly complete suppres-
sion of hepatic glucose output.19 Glu-
cose disposal rate, representing insu-
lin sensitivity, was calculated as the

amount of glucose taken up during the
last 60 minutes of the clamp proce-
dure and is presented in mg/kg of body
weight per minute. An OGTT was per-
formed by measuring the concentra-
tions of plasma glucose and immuno-
reactive insulin immediately before and
120 minutes after ingestion of 75 g of
anhydrous dextrose. The OGTT and the
clamp procedure were performed at
least 1 week apart. The concentra-
tions of intact and 32-33 split proinsu-
lin were analyzed using a 2-site immu-
nometric assay technique.20 Specific
insulin concentrations were deter-
mined using a chemiluminescent im-
munoenzymatic assay. Homeostasis
model assessment insulin resistance
index was calculated as fasting insulin
concentration� fasting glucose con-
centration/22.5.21

Blood pressure was measured in the
supine position after resting for 10 min-
utes. The values were recorded twice
to the nearest even value, and the means
of the 2 values were given. The pres-
ence of hypertension at baseline was de-
fined as systolic blood pressure at least
140 mm Hg and/or diastolic blood pres-
sure at least 90 mm Hg, and/or use of
antihypertensive medication. At base-
line, 46% of patients with hyperten-
sion were treated with antihyperten-
sive medication. The presence of
diabetes at baseline was defined as fast-
ing plasma glucose level of 126.1 mg/dL
(7.0 mmol/L) or more and/or the use
of oral hypoglycemic agents or insu-
lin.22 Electrocardiographic LVH was de-
fined as high-amplitude R waves ac-
cording to the revised Minnesota code23

together with left ventricular strain pat-
tern.4 Coding of smoking was based on
interview reports, and coding of demo-
graphic data was based on the ques-
tionnaire. The Swedish hospital dis-
charge register was used to assess the
presence of valvular disease (Interna-
tional Classification of Diseases, Ninth
Revision [ICD-9] codes 394-397 and 424
or ICD-10 codes I05-I08 and I34-I37)
and prior myocardial infarction (MI)
(ICD-9 code 410 or ICD-10 code I21).
The precision of the diagnosis of MI in
the discharge register is high.24,25

Follow-up and Outcome Parameter
The participants had a median fol-
low-up time of 8.9 years (range, 0.01-
11.4 years), contributing to 9899 per-
son-years at risk. One hundred thirty-
two men had a hospital discharge
register diagnosis of heart failure be-
tween the age 70 baseline and the cen-
sor date at the end of 2002. As a pos-
sible diagnosis of heart failure, we
considered ICD heart failure codes 428
(ICD-9) and I50 (ICD-10) and hyper-
tensive heart disease with heart fail-
ure, I11.0 (ICD-10). The medical re-
cords from the hospitalization were
reviewed by 2 physicians (E.I. and L.L.)
blinded to the baseline data, who clas-
sified the cases as definite, question-
able, or miscoded. The classification re-
lied on the definition proposed by the
European Society of Cardiology,26 and
the review process has been described
extensively.27 After this validation, 104
definitive cases of heart failure were in-
cluded in the total cohort, 87 cases in
the subsample without diabetes, and 80
cases in the subsample without obe-
sity. None of the participants was lost
to follow-up.

Statistical Methods

All analyses were defined a priori. Data
are presented as mean (SD) or percent-
age. Logarithmic transformation was
performed to achieve normal distribu-
tion if necessary. The residuals of all re-
gression analyses were examined and
found to be normally distributed. Pro-
portionality of hazards was confirmed
by visually examining Nelson-Aalen
curves. We examined incidence rates
in quartiles of all continuous indepen-
dent variables, and no obvious devia-
tions from linearity were observed. All
variables were treated as continous, ex-
cept for prior acute MI, hypertension,
diabetes, electrocardiographic LVH,
smoking, and interim MI, which were
treated as dichotomous. The prognos-
tic values for CHF incidence of a 1-SD
increase in the continuous variables, or
a transfer from one level to another of
the dichotomous variables, were inves-
tigated with Cox proportional haz-
ards analyses.
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We investigated the independent vari-
ables in 5 sets of models in a hierarchi-
cal fashion: unadjusted; adjusted for dia-
betes at baseline; adjusted for diabetes
plus other established risk factors for
CHF (prior acute MI, hypertension, elec-
trocardiographic LVH, smoking, and se-
rum cholesterol level) determined at
baseline; adjusted for diabetes and es-
tablished risk factors, plus interim MI
during the follow-up period; and ad-
justed for diabetes and established risk
factors, plus clamp glucose disposal rate
(to examine whether the obesity mea-
sures remained predictors of CHF in-
dependent of the criterion standard mea-
sure of insulin sensitivity). The models

were repeated in a subsample exclud-
ing all participants with diabetes at base-
line and in 2 subsamples excluding all
men with BMI greater than 30 and BMI
greater than 25 at baseline, respec-
tively. Pearson correlation coefficients
were examined to evaluate the correla-
tions between variables reflecting glu-
cose metabolism and those reflecting
obesity. In accordance with our a priori
analysis plan, missing data were handled
such that only participants missing data
on a covariate needed for a particular
model were excluded from the analy-
ses, to maximize the statistical power.
To rule out an effect modification by
established risk factors on the relation

of insulin sensitivity to CHF, we inves-
tigated interaction terms of each of
the established risk factors and clamp
glucose disposal rate. Two-tailed 95%
confidence intervals (CIs) and P values
were given, with P�.05 regarded as
significant (P values not shown). Analy-
ses were performed using STATA
version 8.2 (Stata Corp, College Sta-
tion, Tex).

RESULTS
One hundred four participants devel-
oped CHF during follow-up, and the in-
cidence rate was 10.5 per 1000 person-
years at risk. TABLE 1 shows the clinical
characteristics at baseline.

Table 1. Baseline Characteristics

Characteristic
Total Cohort
(N = 1187)

Diabetes Obesity

Yes
(n = 126)

No
(n = 1061)

Yes
(n = 153)

No
(n = 1034)

Established risk factors for CHF
Prior MI, No. (%) (n = 1187) 87 (7.3) 14 (11.1) 73 (6.9) 18 (11.8) 69 (6.7)

Hypertension prevalence, No. (%) (n = 1187)* 883 (74.4) 108 (85.7) 775 (73.0) 138 (90.2) 745 (72.1)

Diabetes prevalence, No. (%) (n = 1187)† 126 (10.6) 126 (100) 0 36 (23.5) 90 (8.7)

Electrocardiographic LVH, No. (%) (n = 1079) 76 (7.0) 11 (10.7) 65 (6.7) 10 (7.5) 66 (7.0)

Current cigarette smoking, No. (%) (n = 1152) 241 (20.9) 26 (21.5) 215 (20.9) 33 (23.1) 208 (20.6)

Serum cholesterol, mean (SD), mg/dL (n = 1186) 224.7 (38.6) 222.8 (36.3) 224.7 (39.0) 223.6 (43.2) 224.7 (37.8)

Demographic data, No. (%)
Marital status (n = 1090)

Married/cohabitant 893 (81.9) 86 (77.5) 807 (82.4) 96 (73.9) 797 (83.0)

Single 137 (12.6) 17 (15.3) 120 (12.3) 24 (18.5) 113 (11.8)

Widowed/divorced 51 (4.7) 6 (5.4) 45 (4.6) 7 (5.4) 44 (4.6)

Living with other relatives 9 (0.8) 2 (1.8) 7 (0.7) 3 (2.3) 6 (0.6)

Educational level (n = 1104)
Elementary school 658 (59.6) 74 (66.1) 584 (58.9) 92 (70.2) 566 (58.2)

Upper secondary school 102 (9.2) 9 (8.0) 93 (9.4) 8 (6.1) 94 (9.7)

Community college 160 (14.5) 17 (15.2) 143 (14.4) 16 (12.2) 144 (14.8)

College/university 184 (16.7) 12 (10.7) 172 (17.3) 15 (11.5) 169 (17.4)

Glucometabolic variables, mean (SD)
Clamp glucose disposal rate, mg/kg per minute (n = 1134) 5.2 (2.1) 2.8 (1.3) 5.4 (2.0) 3.1 (1.3) 5.5 (2.0)

Fasting plasma glucose, mg/dL (n = 1185) 103.8 (26.1) 163.1 (41.8) 96.8 (10.1) 113.3 (30.3) 102.3 (25.2)

OGTT 2-h glucose, mg/dL (n = 1149) 149.2 (72.3) 307.7 (86.8) 130.6 (40.9) 177.5 (76.4) 145.0 (70.8)

Fasting insulin, pmol/L (n = 1142) 52.3 (45.2) 83.3 (97.2) 48.8 (32.9) 83.1 (51.9) 47.8 (42.4)

Fasting proinsulin, pmol/L (n = 1133) 8.4 (8.5) 19.9 (17.2) 7.1 (5.5) 14.3 (15.7) 7.6 (6.4)

Fasting 32-33 split proinsulin, pmol/L (n = 1133) 11.0 (12.1) 24.9 (20.1) 9.4 (9.6) 20.5 (20.0) 9.6 (9.7)

HOMA insulin resistance index (n = 1174) 3.4 (2.7) 7.4 (5.0) 2.9 (1.7) 5.3 (3.3) 3.1 (2.4)

Anthropometric variables, mean (SD)
Body mass index (n = 1183)‡ 26.3 (3.4) 28.5 (4.1) 26.0 (3.2) 32.4 (2.5) 25.4 (2.5)

Waist circumference, cm (n = 1162) 94.7 (9.6) 101.3 (11.1) 94.0 (9.2) 110.3 (7.3) 92.5 (7.6)
Abbreviations: CHF, congestive heart failure; HOMA, homeostasis model assessment; LVH, left ventricular hypertrophy; MI, myocardial infarction; OGTT, oral glucose tolerance

test.
SI conversion factors: To convert mg/dL to mmol/L, multiply serum cholesterol values by 0.0259 and fasting plasma glucose and OGTT 2-hour glucose values by 0.0555. To

convert insulin values to µIU/mL, divide pmol/L values by 6.945.
*Hypertension defined as systolic blood pressure �140 mm Hg and/or diastolic blood pressure �90 mm Hg, and/or use of antihypertensive medication.
†Diabetes defined as fasting plasma glucose level �126.1 mg/dL (7.0 mmol/L) and/or use of oral hypoglycemic agents or insulin.
‡Calculated as weight in kilograms divided by the square of height in meters.
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In unadjusted Cox proportional haz-
ards analyses, all examined variables re-
flecting impaired glucose regulation and
obesity were significant predictors of
heart failure incidence (TABLE 2, sec-
ond column). Incidence rates by quar-
tiles of clamp glucose disposal rate are
shown in the FIGURE. When adjusting
for the presence of diabetes at base-
line, the following variables remained
significant: clamp glucose disposal rate;
OGTT 2-hour glucose level; fasting lev-
els of insulin, proinsulin, and 32-33 split
proinsulin; BMI; and waist circumfer-
ence (Table 2, third column). When ad-
justing also for other established base-
line risk factors for CHF (prior acute
MI, hypertension, diabetes, electrocar-
diographic LVH, smoking, and serum
cholesterol level), the significant inde-
pendent predictors of subsequent CHF
in separate models were clamp glu-
cose disposal rate, OGTT 2-hour glu-
cose level, fasting proinsulin level, BMI,
and waist circumference (Table 2, last
column). These 5 variables each re-
mained significant predictors of sub-
sequent CHF, with essentially the same
point estimates and CIs, when adding
interim MI during follow-up to the co-
variates (TABLE 3, second column).

In unadjusted Cox proportional haz-
ards analyses in the subsample exclud-
ing participants with diabetes, the sig-
nificant predictors of CHF incidence
were clamp glucose disposal rate, OGTT
2-hour glucose level, fasting levels of pro-
insulin and 32-33 split proinsulin, BMI,
and waist circumference (TABLE 4, sec-
ond column). When adjusting for estab-
lished risk factors for CHF (prior acute
MI, hypertension, electrocardiographic
LVH, smoking, and serum cholesterol
level), the following variables remained
significant predictors of CHF in sepa-
rate models: clamp glucose disposal rate,
fasting levelsofproinsulinand32-33split
proinsulin, BMI, and waist circumfer-
ence (Table 4, last column). These vari-
ables, except for fasting 32-33 split pro-
insulin level, remained significant
predictors of subsequent CHF, with es-
sentially the same CIs and point esti-
mates, when adding interim MI to the co-
variates (Table 3, last column).

When repeating the unadjusted
Cox proportional hazards analyses in
the subsample of nonobese men, the
significant predictors of CHF inci-
dence were clamp glucose disposal
rate, fasting glucose level, OGTT
2-hour glucose level, fasting proinsu-
lin level, BMI, and waist circumfer-
ence (TABLE 5, second column).
When adjusting for the presence of
diabetes, the following variables
remained significant: clamp glucose
disposal rate, OGTT 2-hour glucose
level, BMI, and waist circumference
(Table 5, third column). When
adjusting also for other established
risk factors for CHF (prior acute MI,
hypertension, diabetes, electrocardio-
graphic LVH, smoking, and serum
cholesterol level), only clamp glucose
disposal rate remained a significant
predictor of CHF (Table 5, last col-
umn). Clamp glucose disposal rate
remained a significant predictor of
subsequent CHF in this subsample

also when adjusting for interim MI as
well as diabetes plus established risk
factors (hazard ratio [HR], 0.73; 95%
CI, 0.55-0.97). We also examined a
subsample of normal-weight men (ex-

Figure. Incidence Rates of Congestive Heart
Failure
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intervals.

Table 2. Heart Failure Incidence in Relation to Established Risk Factors and Glucometabolic
and Anthropometric Variables in the Total Cohort of Elderly Men (N = 1187)

Variable

HR (95% CI)*

Unadjusted
Adjusted for

Diabetes

Adjusted for
Established

Risk Factors†

Established risk factors for CHF
Prior MI 3.17 (1.93-5.22) 3.03 (1.83-5.00) 3.04 (1.76-5.25)

Hypertension prevalence 2.72 (1.49-4.96) 2.63 (1.44-4.80) 2.88 (1.43-5.79)

Diabetes prevalence 1.82 (1.08-3.05) NA 1.42 (0.78-2.58)

Electrocardiographic LVH 2.94 (1.69-5.12) 2.82 (1.62-4.92) 1.98 (1.10-3.56)

Current cigarette smoking 1.72 (1.12-2.66) 1.73 (1.12-2.67) 2.23 (1.42-3.52)

Serum cholesterol 0.93 (0.76-1.13) 0.93 (0.76-1.13) 0.93 (0.75-1.15)

Glucometabolic variables
Clamp glucose disposal rate 0.63 (0.50-0.77) 0.63 (0.50-0.80) 0.66 (0.51-0.86)

Fasting plasma glucose 1.25 (1.07-1.46) 1.21 (0.92-1.59) 1.24 (0.89-1.72)

OGTT 2-h glucose 1.44 (1.21-1.73) 1.58 (1.22-2.06) 1.44 (1.08-1.93)

Fasting insulin 1.28 (1.06-1.55) 1.24 (1.02-1.51) 1.13 (0.92-1.40)

Fasting proinsulin 1.43 (1.19-1.72) 1.41 (1.15-1.75) 1.29 (1.02-1.64)

Fasting 32-33 split proinsulin 1.39 (1.15-1.68) 1.35 (1.09-1.66) 1.23 (0.97-1.56)

HOMA insulin resistance index 1.28 (1.05-1.54) 1.20 (0.96-1.49) 1.15 (0.90-1.46)

Anthropometric variables
Body mass index 1.42 (1.19-1.68) 1.38 (1.15-1.64) 1.35 (1.11-1.65)

Waist circumference 1.45 (1.21-1.74) 1.40 (1.16-1.69) 1.36 (1.10-1.69)
Abbreviations: CHF, congestive heart failure; CI, confidence interval; HOMA, homeostasis model assessment; HR, haz-

ard ratio; LVH, left ventricular hypertrophy; MI, myocardial infarction; NA, not applicable; OGTT, oral glucose toler-
ance test.

*Cox proportional hazards ratios for a 1-SD increase in continuous variables or transfer from one level to another of
categorical variables.

†Diabetes plus prior acute MI, hypertension, electrocardiographic LVH, smoking, and serum cholesterol level (all de-
termined at baseline). Values shown for the established risk factors are from a multivariable model incorporating only
these variables.
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cluding all participants with BMI �25
[n = 754]), but this left us with a
sample too small (433 participants, 23
cases) to draw any firm conclusions.
Nevertheless, the point estimates for
clamp glucose disposal rate remained

similar but with wider CIs due to low
statistical power (HR, 0.78; 95% CI,
0.51-1.18, in the unadjusted model
and HR, 0.75; 95% CI, 0.45-1.24, in
the models adjusted for diabetes plus
established risk factors).

The variables describing impaired
glucose regulation and obesity were
highly correlated (Pearson r=−0.60,
P�.001 for clamp glucose disposal rate
vs both BMI and waist circumfer-
ence). In the models including obesity
variables, diabetes plus established risk
factors, and clamp glucose disposal rate,
the obesity variables were no longer
significant, whereas clamp glucose
disposal rate remained significant
(TABLE 6). When performing the same
analyses in the subsample excluding
participants with diabetes at baseline
and in the subsample of nonobese men,
the same patterns were observed but
with larger CIs, rendering some asso-
ciations borderline significant (Table 6).
None of the interaction terms were sig-
nificant.

COMMENT
In this community-based sample of
elderly men free of CHF and valvular
disease at baseline, insulin resistance
predicted CHF incidence indepen-
dently of diabetes and other estab-
lished risk factors for CHF. Further-
more, our observations indicate that
the previously described association
between obesity and subsequent CHF
may be mediated partly by insulin
resistance.

Previous Studies

Several previous longitudinal studies
have shown an association between dia-
betes and CHF.1,2,5-7 In the present
study, clamp glucose disposal rate and
fasting proinsulin level, mainly reflect-
ing insulin resistance, were the stron-
gest glucometabolic predictors of CHF,
both when adjusting for diabetes and
in a subsample without diabetes. To our
knowledge, this is the first study to
demonstrate a relation between milder
states of impaired glucose regulation
and CHF incidence. Because informa-
tion about diabetes incidence during
follow-up was not collected in a sys-
tematic manner, it is possible that im-
paired glucose regulation at baseline
was a sign of impending diabetes, which
is a known risk factor for CHF. Still, we
show that impaired glucose regula-

Table 3. Heart Failure Incidence in Relation to Established Risk Factors and Glucometabolic
and Anthropometric Variables in the Total Cohort of Elderly Men and the Subsample Without
Diabetes at Baseline, in the Models Adjusted for Established Risk Factors and Interim
Myocardial Infarction

Variable

Adjusted HR (95% CI)*

Total Cohort
(N = 1187)

Subsample
Without Diabetes

(n = 1061)

Clamp glucose disposal rate 0.65 (0.50-0.84) 0.67 (0.52-0.86)

Fasting plasma glucose 1.30 (0.94-1.81) 1.05 (0.83-1.33)

OGTT 2-h glucose 1.43 (1.07-1.91) 1.23 (0.97-1.56)

Fasting insulin 1.13 (0.92-1.39) 1.25 (0.99-1.59)

Fasting proinsulin 1.28 (1.02-1.61) 1.27 (1.02-1.60)

Fasting 32-33 split proinsulin 1.22 (0.96-1.54) 1.22 (0.97-1.55)

HOMA insulin resistance index 1.10 (0.86-1.41) 1.13 (0.88-1.45)

Body mass index 1.37 (1.12-1.68) 1.38 (1.11-1.72)

Waist circumference 1.40 (1.13-1.74) 1.44 (1.14-1.82)
Abbreviations: CI, confidence interval; HOMA, homeostasis model assessment; HR, hazard ratio; OGTT, oral glucose

tolerance test.
*Cox proportional hazards ratios for a 1-SD increase in continuous variables or transfer from one level to another of

categorical variables, adjusted for established risk factors (see Table 2 footnote for definition) and interim myocardial
infarction.

Table 4. Heart Failure Incidence in Relation to Established Risk Factors and Glucometabolic
and Anthropometric Variables in a Subsample of Elderly Men Without Diabetes at Baseline
(n = 1061)

Variable

HR (95% CI)*

Unadjusted
Adjusted for

Established Risk Factors†

Established risk factors for CHF
Prior MI 3.22 (1.85-5.63) 2.88 (1.54-5.40)

Hypertension prevalence 2.89 (1.50-5.59) 2.63 (1.30-5.31)

Electrocardiographic LVH 3.23 (1.78-5.86) 2.17 (1.14-4.15)

Current cigarette smoking 1.49 (0.91-2.43) 1.86 (1.12-3.10)

Serum cholesterol 0.94 (0.76-1.16) 0.94 (0.74-1.19)

Glucometabolic variables
Clamp glucose disposal rate 0.66 (0.52-0.83) 0.68 (0.53-0.88)

Fasting plasma glucose 1.07 (0.86-1.32) 1.04 (0.82-1.32)

OGTT 2-h glucose 1.34 (1.08-1.66) 1.23 (0.97-1.57)

Fasting insulin 1.24 (1.00-1.53) 1.20 (0.95-1.51)

Fasting proinsulin 1.37 (1.12-1.68) 1.30 (1.03-1.64)

Fasting 32-33 split proinsulin 1.32 (1.07-1.63) 1.26 (1.00-1.59)

HOMA insulin resistance index 1.16 (0.93-1.44) 1.15 (0.90-1.46)

Anthropometric variables
Body mass index 1.42 (1.16-1.72) 1.36 (1.10-1.69)

Waist circumference 1.41 (1.15-1.74) 1.38 (1.10-1.74)
Abbreviations: CHF, congestive heart failure; CI, confidence interval; HOMA, homeostasis model assessment; HR, haz-

ard ratio; LVH, left ventricular hypertrophy; MI, myocardial infarction; OGTT, oral glucose tolerance test.
*Cox proportional hazards ratios for a 1-SD increase in continuous variables or transfer from one level to another of

categorical variables.
†See Table 2 footnote for definition of established risk factors. Values shown for the established risk factors are from a

multivariable model incorporating only these variables.
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tion in healthy participants without dia-
betes or obesity at baseline is a strong
predictor of subsequent CHF, indepen-
dent of established risk factors. Our ob-
servations may indicate that the risk for
CHF is already increased in the long
subclinical phase of impaired glucose
regulation that precedes clinically mani-
fest diabetes.

Possible Mechanisms

In previous studies, signs of impaired
glucose regulation have been related to
both left ventricular systolic28 and dia-
stolic29 dysfunction and left ventricular
remodeling.8-10 There are numerous pos-
sible explanations for the observed re-
lation of insulin resistance to CHF in-
cidence: (1) The formation of advanced
glycosylation end products is greatly ac-
celerated in patients with diabetes,30

which in the myocardium leads to in-
creased collagen cross-linking and myo-
cardial stiffness.31 Ventricular function
can be improved and myocardial stiff-
ness reversed in diabetic dogs when they
are treated with a collagen cross-link
breaker such as metformin.31 (2) Insu-
lin may act as a growth factor in the myo-
cardium, which is supported by the ex-
perimental observation that sustained
hyperinsulinemia leads to increased
myocardial mass and decreased car-
diac output in rats.32 (3) Hyperinsu-
linemia leads to sodium retention,33

which may lead to decompensation in
persons with otherwise subclinical myo-
cardial dysfunction due to volume ex-
pansion. (4) Hyperinsulinemia also leads
to sympathetic nervous system activa-
tion,34 which is a presumed causal fac-
tor for CHF.1,35 (5) Insulin resistance
is related to an increased pressor
response to angiotensin II36 and has re-
cently been demonstrated to increase
the stimulating effects of angiotensin II
on cellular hypertrophy and collagen
production37 in individuals with hy-
pertension, leading to myocardial
hypertrophy and fibrosis35 and likely
subsequent CHF.

Obesity as a Risk Factor for CHF
Obesity as a risk factor for CHF has
been established within the last de-

cade.3,6,7 In the present study, BMI and
waist circumference were strong pre-
dictors of CHF independently of estab-
lished risk factors for CHF. This dem-
onstrates that both truncal and overall
obesity increase the risk of CHF to
about the same degree. However, as
obesity is also strongly associated with
diabetes and insulin resistance,15 we in-
vestigated whether the relation be-
tween obesity and CHF may be medi-
ated by insulin resistance. When clamp
glucose disposal rate was included in
the multivariable models with BMI and
waist circumference, the obesity vari-
ables were no longer significant pre-
dictors of CHF. This observation would
be expected if insulin resistance were
in the causal pathway between obesity
and CHF, which was our hypothesis.
Furthermore, in the subsample of non-
obese men, clamp glucose disposal rate
was a significant predictor of subse-
quent CHF independent of estab-
lished risk factors, whereas the obe-
sity variables were no longer significant

predictors of CHF. These findings dem-
onstrate that insulin resistance is a risk
factor for CHF independent of both
truncal and overall obesity. It may im-
ply either that insulin resistance for-
goes obesity in a causal pathway lead-
ing to CHF, or simply that the relation
of obesity to CHF is circumstantial and
that obesity in this case may be re-
garded as an indicator of the more im-
portant trait, insulin resistance. It
should be noted that it is not possible
from our data to definitely disen-
tangle the causative relations between
obesity, insulin resistance, and CHF,
but our data do add an important piece
of knowledge and should stimulate fur-
ther research in the area.

Strengths and Limitations

The strengths of this study include the
large, community-based population, the
long follow-up period, and the de-
tailed metabolic characterization of the
cohort. To our knowledge, the Uppsala
Longitudinal Study of Adult Men co-

Table 5. Heart Failure Incidence in Relation to Established Risk Factors and Glucometabolic
and Anthropometric Variables in a Subsample of Nonobese Elderly Men (n = 1034)

Variable

HR (95% CI)*

Unadjusted
Adjusted for

Diabetes

Adjusted for
Established

Risk Factors†

Established risk factors for CHF
Prior MI 2.60 (1.41-4.81) 2.55 (1.38-4.71) 2.40 (1.20-4.79)

Hypertension prevalence 2.25 (1.22-4.16) 2.21 (1.19-4.08) 2.56 (1.26-5.21)

Diabetes prevalence 1.67 (0.86-3.25) NA 1.29 (0.58-2.83)

Electrocardiographic LVH 2.44 (1.25-4.78) 2.38 (1.21-4.67) 1.69 (0.82-3.50)

Current cigarette smoking 1.89 (1.16-3.05) 1.91 (1.18-3.09) 2.45 (1.47-4.06)

Serum cholesterol 1.01 (0.81-1.26) 1.02 (0.82-1.27) 0.98 (0.77-1.25)

Glucometabolic variables
Clamp glucose disposal rate 0.69 (0.55-0.88) 0.71 (0.55-0.91) 0.74 (0.56-0.98)

Fasting plasma glucose 1.22 (1.02-1.47) 1.25 (0.92-1.71) 1.28 (0.87-1.88)

OGTT 2-h glucose 1.37 (1.12-1.68) 1.46 (1.09-1.96) 1.37 (0.99-1.90)

Fasting insulin 1.16 (0.93-1.44) 1.13 (0.90-1.41) 1.10 (0.86-1.41)

Fasting proinsulin 1.28 (1.04-1.58) 1.25 (0.98-1.59) 1.22 (0.93-1.59)

Fasting 32-33 split proinsulin 1.20 (0.96-1.51) 1.16 (0.91-1.48) 1.13 (0.87-1.48)

HOMA insulin resistance index 1.18 (0.94-1.46) 1.12 (0.88-1.42) 1.11 (0.84-1.45)

Anthropometric variables
Body mass index 1.29 (1.03-1.63) 1.27 (1.01-1.61) 1.23 (0.95-1.60)

Waist circumference 1.34 (1.06-1.68) 1.32 (1.04-1.66) 1.28 (0.99-1.67)
Abbreviations: CHF, congestive heart failure; CI, confidence interval; HOMA, homeostasis model assessment; HR, haz-

ard ratio; LVH, left ventricular hypertrophy; MI, myocardial infarction; NA, not applicable; OGTT, oral glucose toler-
ance test.

*Cox proportional hazards ratios for a 1-SD increase in continuous variables or transfer from one level to another of
categorical variables.

†See Table 2 footnote for definition of established risk factors. Values shown for the established risk factors are from a
multivariable model incorporating only these variables.
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hort is the largest population that has
been examined with the criterion stan-
dard for measurement of insulin resis-
tance, the euglycemic insulin clamp
method. Furthermore, all CHF cases
were validated, limiting the inclusion
of false-positive cases.

There are some limitations to this
study. As we only examined men of
the same age with a similar ethnic
background, this study has an
unknown generalizability to women
or other age and ethnic groups. On the
other hand, we circumvent the power-

ful effects of age on CHF incidence.
Since the CHF diagnosis was based on
a review of medical records, it was not
possible to distinguish between sys-
tolic and diastolic heart failure because
echocardiography was not available at
the time of diagnosis for many of the
cases. Thus, in our material it is not
possible to examine whether the
impact of insulin resistance is different
on systolic vs diastolic heart failure.
Finally, as noted above, we do not
have information on diagnosis of dia-
betes during follow-up.

Conclusions
Insulin resistance predicted CHF inci-
dence independently of established risk
factors in our large community-based
sample of elderly men. The previously
described association between obesity
and subsequent CHF may be medi-
ated largely by insulin resistance. Fur-
ther studies are needed to confirm our
findings.
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The responsibility of a writer is to excavate the expe-
rience of the people who produced him.

—James Baldwin (1924-1987)
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