
Congestive Heart Failure in Type 2
Diabetes
Prevalence, incidence, and risk factors

GREGORY A. NICHOLS, PHD
1

TERESA A. HILLIER, MD, MS
1

JOHN R. ERBEY, PHD
2

JONATHAN B. BROWN, PHD, MPP
1

OBJECTIVE — To estimate the prevalence and incidence of congestive heart failure (CHF) in
populations with and without type 2 diabetes and to identify risk factors for diabetes-associated
CHF.

RESEARCH DESIGN AND METHODS — We searched the inpatient and outpatient
electronic medical records of 9,591 individuals diagnosed with type 2 diabetes before 1 January
1997 and those of an age- and sex-matched control group without diabetes for a diagnosis of
CHF. Among those without a baseline diagnosis of CHF, we searched forward for 30 months for
incident cases of CHF. We constructed multiple logistic regression models to identify risk factors
for both prevalent and incident CHF.

RESULTS — CHF was prevalent in 11.8% (n 5 1,131) of diabetic subjects and 4.5% (n 5
435) of control subjects at baseline. We observed incident cases of CHF in 7.7% of diabetic
subjects free of CHF at baseline (650 of 8,460) and in 3.4% of control subjects (314 of 9,156).
In diabetic subjects, age, diabetes duration, insulin use, ischemic heart disease, and elevated
serum creatinine were independent risk factors for both prevalent and incident CHF. Better
glycemic control at baseline, and improved glycemic and blood pressure control at follow-up
predicted the development of CHF.

CONCLUSIONS — Despite controlling for age, duration of diabetes, presence of ischemic
heart disease, and presence of hypertension, insulin use was associated with both prevalent and
incident CHF. Why insulin use and better glycemic control both at baseline and follow-up
independently predicted CHF deserves further study.
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The Framingham Heart Study (FHS)
first demonstrated an increased risk
of congestive heart failure (CHF) in

patients with diabetes over 20 years ago
(1). Although diabetes is frequently cited
as a risk factor for CHF (2–9), CHF has
not been well described in contemporary
populations with type 2 diabetes. Recent
therapeutic advances have increased cor-

onary artery disease (CAD) survival. As a
result, CAD has replaced hypertension
and valvular heart disease as the primary
cause of CHF (10,11). In addition, be-
cause CHF is an age-related condition, in-
cidence and prevalence of CHF (and
diabetes) can be expected to increase as
the population ages (12,13). The objec-
tives of this study were 1) to estimate

prevalence and incidence of CHF in a rep-
resentative contemporary population of
individuals with type 2 diabetes and in an
age- and sex-matched population without
diabetes and 2) to identify current risk
factors for CHF in diabetes.

RESEARCH DESIGN AND
METHODS

Research setting and population
The subjects of this study were members
of a long-established, not-for-profit,
group-model health maintenance organi-
zation, Kaiser Permanente Northwest
Division (KPNW). KPNW provides com-
prehensive, prepaid coverage to ;20% of
the Portland, Oregon, population
(;430,000 people during the period of
this study). Subscribers resemble the area
population as a whole (14).

All members of KPNW have access to
the complete range of medically necessary
clinical services. The organization main-
tains administrative and clinical elec-
tronic databases containing information
on inpatient admissions, pharmacy dis-
penses, outpatient visits, laboratory tests,
and outside claims and referrals. All of
these databases are linked through the
unique health record number that is given
to each member at the time of initial en-
rollment in the health plan.

The KPNW Diabetes Registry was ini-
tially developed in 1989 and has been de-
scribed in detail elsewhere (15,16). For
this study, we selected all 9,591 regis-
trants who had their diabetes diagnosed
while members of KPNW before 1 Janu-
ary 1997 (baseline) and who had at least 1
month of eligibility during a 30-month
follow-up observation period (1 January
1 1997 to 30 June 1999). For most sub-
jects, a full 30 months of follow-up data
were available (mean follow-up time was
28 months). KPNW’s excellent member
retention rate allowed for follow-up on
92.6% of registrants eligible in the year
before baseline. We randomly selected an
identical number of KPNW members with-
out diabetes to use as a control group,
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matching them with diabetic subjects
on year of birth, sex, and health plan eli-
gibility.

Data
The hospital discharge database, which
contains up to nine ICD-9-CM diagnoses
for each inpatient stay, was searched from
1 January 1987 to 30 June 1999 for evi-
dence of CHF. We similarly searched the
electronic medical record, which contains
as many as 20 ICD-9-CM diagnoses for
each ambulatory contact, from 1 January
1996 (when it first became available) to
30 June 1999. We defined prevalent CHF
as any inpatient or outpatient diagnosis of
CHF before 1 January 1997 (see APPENDIX

for ICD-9-CM codes). For those with no
evidence of prevalent CHF at baseline, we
searched forward for new diagnoses of
CHF and identified those found as inci-
dent cases. To calculate the incidence rate
of CHF, we divided the number of new
cases of CHF by the total number of
months of health plan eligibility that oc-
curred before the CHF diagnosis date or,
if no CHF was diagnosed, until the end of
the observation period.

Age and sex were extracted from
membership records. We calculated du-
ration of diabetes as time from the date
of diabetes diagnosis to 1 January 1997.
Measured body weight and blood pres-
sure were obtained from the electronic
medical record, and information on anti-
diabetic drug therapy was obtained from
KPNW pharmacy records. We ascertained
blood glucose control (HbA1c) and serum
creatinine levels from electronic labora-
tory records (all KPNW laboratory tests
are performed by a single regional labora-
tory using standardized methods that are
frequently recalibrated against reference
samples). Follow-up values were those
within 6 months preceding the occur-
rence of CHF or, in absence of CHF, up to
6 months before the end of follow-up.
When multiple measurements were avail-
able, we used the value nearest to the
follow-up date.

Analytic methods
To determine independent associations
between age, sex, duration of diabetes,
type of antidiabetic drug therapy, HbA1c,
serum creatinine, body weight, blood
pressure, and the prevalence of CHF, we
estimated a multiple logistic regression
model. To study incident CHF, we used
similar methods but used follow-up val-

ues of antidiabetic drug therapy and
changes in body weight, HbA1c, serum
creatinine, and systolic blood pressure.
We calculated change scores as follow-up
minus baseline values. We also included
dichotomous variables for the presence of
ischemic heart disease and hypertension
at baseline, and a second pair of dichoto-
mous variables for new diagnoses of isch-
emic heart disease and hypertension that
occurred during the follow-up period.

RESULTS — CHF was identified in
11.8% (n 5 1,131) of diabetic subjects at
baseline compared with 4.5% (n 5 435)
of control subjects. Of the 8,460 diabetic
subjects who did not have CHF at base-
line, 7.7% (n 5 650) developed CHF over
a 30-month follow-up period, an inci-
dence rate of 3.33 events per 100 person-
years. By comparison, 3.4% (n 5 314) of
the 9,156 control subjects free of CHF at
baseline developed CHF during the fol-
low-up period (1.52 events per 100 per-
son-years). CHF was approximately two
to eight times more prevalent in subjects
with diabetes than in the age- and sex-
matched control group, and incidence of
CHF increased dramatically with age in
both groups (Fig. 1). In subjects with di-
abetes, CHF approximately doubled from
33 cases per 1,000 for subjects aged
45–54 years to 68 cases per 1,000 for
those aged 55–64 years; it then doubled
again to 135 cases per 1,000 for subjects
aged 65–74 years. Annual incidence of
CHF was also age-related. Subjects with
diabetes were two to five times more
likely to develop CHF than subjects in the
age- and sex-matched control group.

The characteristics of subjects with
diabetes with and without prevalent CHF
are compared in Table 1. Subjects with
CHF were significantly older (73.2 vs.
63.0 years, P , 0.001), had a longer du-
ration of diabetes (6.4 vs. 4.5 years, P ,
0.001), and were more likely to have been
using insulin (34.6 vs. 17.7%, P ,
0.001). Women were more likely to have
had CHF than men (53.8 vs. 47.8%, P ,
0.001). Ischemic heart disease was much
more prevalent in subjects with CHF than
without (64.9 vs. 19.7%, P , 0.001), as
was hypertension (75.3 vs. 49.1%, P ,
0.001). Subjects with CHF also had lower
body weight (186 vs. 203 lbs, P , 0.001),
lower systolic (137 vs. 140 mmHg, P ,
0.001) and diastolic (74 vs. 80 mmHg,
P , 0.001) blood pressure, and higher
levels of serum creatinine (1.39 vs. 1.03

mg/dl, P , 0.001). Glycemic control did
not differ.

Also displayed in Table 1 are the char-
acteristics of subjects with diabetes who
did and did not develop CHF during the
follow-up period. Older age (70.2 vs.
62.4 years, P , 0.001), longer diabetes
duration (5.9 vs. 4.4 years, P , 0.001),
and more insulin use (31.0 vs. 18.4%,
P , 0.001) characterized subjects who
developed CHF. Ischemic heart disease
was more likely to be present at baseline
(40.9 vs. 18.0%, P , 0.001) and more
likely to be diagnosed during follow-up
(18.6 vs. 5.7%, P , 0.001) among those
who developed CHF. Hypertension was
also more likely to be present at baseline
(66.9 vs. 47.6%, P , 0.001), but some-
what less likely to be newly identified
during follow-up (8.9 vs. 11.6%, P ,
0.05). Although HbA1c at baseline did not
differ, those who developed CHF had
lower HbA1c at follow-up (7.5 vs. 7.8%,
P , 0.001). Serum creatinine levels were
greater at both baseline (1.24 vs. 1.01 mg/
dl, P , 0.001) and follow-up (1.36 vs.
0.98 mg/dl, P , 0.001) in incident CHF
cases. Higher systolic blood pressure at
baseline (143 vs. 139 mmHg, P , 0.001)
was associated with incident CHF, but
follow-up systolic blood pressures did not
differ. Diastolic blood pressure was lower
for those who developed CHF at both
baseline (77 vs. 80 mmHg, P , 0.001)
and follow-up (75 vs. 78 mmHg, P ,
0.001).

To isolate independent predictors of
prevalent CHF, we estimated a multiple
logistic regression model (Table 2). Older
age (odds ratio [OR] 5 1.05, 95% CI
1.04 –1.06), female sex (1.35, 1.13–
1.61), longer diabetes duration (1.04,
1.01–1.07), insulin use (1.47, 1.17–
1.85), presence of ischemic heart disease
(4.44, 3.74 –5.26), and hypertension
(1.69, 1.40–2.05) emerged as important
predictors of prevalent CHF. Body
weight, which was inversely associated
with CHF in the bivariate analysis, was
nonsignificant after controlling for other
factors. Serum creatinine was a strong
predictor of CHF (1.73, 1.49–2.01), but
HbA1c was not.

We constructed a second multiple lo-
gistic regression model to identify inde-
pendent risk factors for incident CHF
(Table 3). Older age (OR 1.05, 95% CI
1.03–1.06), longer diabetes duration
(1.04, 1.01–1.08), insulin use (1.66,
1.26–2.20), use of an oral agent (1.28,
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1.01–1.62), ischemic heart disease at
baseline (2.73, 2.17–3.43), and new isch-
emic heart disease at follow-up (4.31,
3.19–5.81) all predicted incident CHF.
Reduction in HbA1c from baseline to fol-
low-up (0.86, 0.79–0.94) and reduction
in systolic blood pressure (0.99, 0.99–
1.00) were also independently associated
of incident CHF, as was lower baseline
HbA1c (0.91, 0.83–1.00) and greater
baseline body weight (1.00, 1.00–1.01).
Higher baseline serum creatinine levels
(1.78, 1.43–2.21) and an increase in se-
rum creatinine at follow-up (1.74, 1.41–

2.16) strongly predicted incident CHF. A
hypertension diagnosis, either at baseline
or during follow-up, was not statistically
significant in the multivariate model.

CONCLUSIONS — To date, the best
estimates of prevalent and incident CHF
are based on the largely nondiabetic pop-
ulation of the FHS. Published estimates of
prevalence range between 1% (aged
50 –59 years) and 10% (aged 80 – 89
years), and age-related incidence ranges
between 1 and 85 cases per 1,000 (17).
Although our CHF rates are somewhat

higher, FHS investigators believe their es-
timates are understated because they were
based on major and minor clinical factors
that were “rather severe, and did not in-
clude subjects with impaired subclinical
cardiac function now detectable by non-
invasive technology” (17,18). Our higher
rates of CHF may also reflect improved
CAD survival.

A potential limitation of our study is
that some unknown proportion of our
cases may be suspected but not con-
firmed. Using objective measures (elec-
trocardiography, chest radiography, and
transthoracic echocardiography), Cowie
et al. (19) found that a panel of cardiolo-
gists confirmed just 25% of new cases of
heart failure suspected by primary physi-
cians. Although we could not access im-
aging results, radiology visit data indicate
that 92.5% of our diagnosed subjects re-
ceived an echocardiogram, electrocardio-
gram, or chest X-ray before the CHF
diagnosis. Thus, the vast majority of our
cases appears to have been diagnosed ob-
jectively. Furthermore, diagnostic errors
would not bias comparisons between the
diabetic and control groups. Indeed, the
relative incidence and prevalence rates
between the diabetic and control groups
that we report are similar to those found
in the FHS over two decades ago (1).

Prior research has established diabe-
tes as a risk factor for CHF (2–9), so we
were not surprised to find that CHF was
more common in subjects with diabetes
than in an age- and sex-matched control
group. Interestingly, however, the slopes
of the increasing prevalence and inci-
dence of CHF across age groups were very
similar for subjects with and without dia-
betes. This suggests that diabetes adds a
more or less constant risk of CHF, inde-
pendent of age. We also observed an ap-
proximate doubling of prevalence with
each decade of age—a phenomenon re-
ported in the FHS (17).

The role of insulin as a cardiovascular
risk factor in type 2 diabetes remains con-
troversial. Although much of the debate
has centered on endogenous hyperinsu-
linemia (20 –32), several prospective
studies, with contradictory results, have
investigated the association between ex-
ogenous insulin therapy and CVD. The
first such study, the University Group Di-
abetes Program (UGDP) failed to find a
difference in cardiovascular disease risk
between those receiving diet or insulin
therapy (33). The U.K. Prospective Dia-

Figure 1—Prevalence and annual incidence rates of CHF per 1,000 people.
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betes Study (UKPDS) also did not find an
association between treatment with insu-
lin and macrovascular outcomes among
subjects newly diagnosed with diabetes
(34) and, in the Diabetes Mellitus, Insulin
Glucose Infusions in Acute Myocardial
Infarction (DIGAMI) Study, Malmberg
(35) reported that intensive insulin treat-
ment after acute myocardial infarction
improved long-term survival. However,
the Feasibility Trial of the Veterans Affairs
Cooperative Study in Type 2 Diabetes
Mellitus (VA CSDM) initially found a sig-
nificant increase in cardiovascular events
among older veterans with established
type 2 diabetes who received intensive in-
sulin treatment (36). Subsequently,
though, the VA CSDM study group re-
ported in a follow-up study that intensive
insulin treatment did not affect left ven-
tricular function (37). Finally, the recent
Atherosclerosis Risk in Communities
(ARIC) Study found an association be-

tween coronary heart disease and treat-
ment with insulin (38).

We found a strong relation between
exogenous insulin use and both prevalent
and incident CHF after the inclusion of

variables to control for the progression
and severity of diabetes. In addition, in-
teraction terms of insulin use with age and
duration of diabetes were not statistically
significant in this model. Thus, our results

Table 1—Characteristics of members with diabetes with and without prevalent CHF at baseline and with and without incident CHF at
follow-up

Prevalence Incidence

CHF at
baseline

No CHF at
baseline Total

CHF at
follow-up

No CHF at
follow-up Total

n 1,131 8,460 9,591 650 7,810 8,460
Proportion of population (%) 11.8 88.2 100.0 7.7 92.3 100.0
Mean age (years) 73.2* 63.0 64.2 70.2* 62.4 63.0
% Female 53.8* 47.8 48.5 46.2 48.0 47.8
Mean duration of diabetes (years) 6.4* 4.5 4.8 5.9* 4.4 4.5
Ischemic heart disease diagnosed (%)

Prior to baseline 64.9* 19.7 25.1 40.9* 18.0 19.7
Between baseline and follow-up (%) — — — 18.6 5.7 6.7

Hypertension diagnosed
Prior to baseline 75.3* 49.1% 52.2% 66.9* 47.6 49.1
Between baseline and follow-up — — — 8.9† 11.6 11.4

Diabetes therapy (%)
Oral antihyperglycemic agents 46.5* 58.9 57.5 52.2 56.0 55.7
Insulin (alone or in combination) 34.6* 17.7 19.7 31.1* 18.4 19.4

Baseline Measures:
HbA1c (%) 7.7 7.7 7.7 7.7 7.7 7.7
Serum creatinine (mg/dl) 1.39* 1.03 1.08 1.24* 1.01 1.03
Systolic blood pressure (mmHg) 137* 140 139 143* 139 140
Diastolic blood pressure (mm Hg) 74* 80 79 77* 80 80
Weight (lbs.) 186* 203 201 199 203 203

Follow-up measures
HbA1c (%) 7.5* 7.8 7.8
Serum creatinine (mg/dl) 1.36* 0.98 1.02
Systolic blood pressure (mmHg) 138 139 140
Diastolic blood pressure (mmHg) 75* 78 78
Weight (lbs.) 199 202 203

*P , 0.001 compared with no CHF; †P , 0.05 compared with no CHF.

Table 2—Risk factors for prevalent CHF in multivariate modeling using logistic regression

Variable b SE P OR 95% Cl

Age 0.318 0.005 0.001 1.05 1.04–1.06
Female sex 0.082 0.090 0.001 1.35 1.13–1.61
Duration of diabetes 0.077 0.014 0.005 1.04 1.01–1.07
Use of oral agent 20.055 0.096 0.032 0.82 0.68–0.98
Use of insulin 0.088 0.117 0.001 1.47 1.17–1.85
HbA1c 20.006 0.029 0.799 0.99 0.94–1.05
Serum creatinine 0.154 0.076 0.001 1.73 1.49–2.01
Systolic blood pressure 20.090 0.002 0.001 0.99 0.99–1.00
Diastolic blood pressure 20.107 0.004 0.001 0.98 0.97–0.99
Weight 20.004 0.001 0.879 1.00 1.00–1.00
Ischemic heart disease 0.365 0.087 0.001 4.44 3.74–5.26
Hypertension 0.143 0.098 0.001 1.69 1.40–2.05
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are consistent with the hypothesis that in-
sulin therapy is a risk factor for CHF. We
stress, however, that our results derive
from observational, not randomized,
data. They do not prove a causal effect of
insulin use on CHF.

We did not find poor glycemic con-
trol to be associated with prevalent CHF,
in accord with the UKPDS, which also
found no association between heart fail-
ure and glycemic control (34). However,
the mean HbA1c in this population was
7.7%, and 83% of the population had val-
ues ,9%. With so few poorly controlled
subjects, it may have been difficult to de-
tect an association.

We did, however, find that a reduc-
tion in HbA1c coupled with a lower base-
line HbA1c predicted incident CHF in a
multivariate model. HbA1c averaged 7.7%
at baseline, and follow-up measurements,
which were taken before the CHF diagno-
sis, averaged 7.5% for those who devel-
oped CHF. Although it is possible that a
reduction of HbA1c in patients with inci-
dent CHF was the result of greater atten-
tion being paid to sicker patients, we do
not believe this possibility contributes to
our finding. Subjects with diabetes in
KPNW receive much more guideline-
adherent care than typical for other pa-
tients, and consequently they achieve
lower-than-usual risk factor levels (16).
Nearly 90% of KPNW’s diabetes regis-
trants receive at least one HbA1c measure-
ment each year (mean 5 2.8) and average
14 ambulatory visits annually. It seems
unlikely that patients who were about to

be diagnosed with CHF suddenly re-
ceived sufficient additional attention to
lower their glycemic levels. However,
those with incident CHF were somewhat
more likely to have had a follow-up
HbA1c test than those free of CHF (90.0
vs. 81.6%, P , 0.001). The extent to
which this testing rate difference biased
our results is unknown. Nonetheless, the
persistence of the significance of the re-
duction of HbA1c while controlling for
duration of diabetes, use of insulin, pres-
ence of ischemic heart disease, and im-
paired renal function further suggests that
reduction in HbA1c may be an indepen-
dent risk factor for developing CHF.

That tighter glycemic control was in-
dependently associated with developing
CHF raises the possibility that aggressive
glycemic control is potentially dangerous
in older patients with ischemic heart dis-
ease. Acute hypoglycemia increases car-
diac workload (39), which could result in
ischemia in those with cardiovascular dis-
ease. We lack data to determine frequency
or severity of hypoglycemic episodes and
their relation to incident CAD or CHF. The
current Action to Control Cardiovascular
Complications in Diabetes (ACCORD)
trial, sponsored by the National Heart,
Lung and Blood Institute, will address
this crucial issue.

We also found a reduction in systolic
blood pressure to be associated with the
onset of CHF. The UKPDS has previously
shown experimentally that tighter blood
pressure control reduces risk of heart fail-
ure (40). However, based on our observa-

tional data, we cannot determine whether
the reduction in blood pressure was a
cause or a result of CHF.

Prevalence and incidence of type 2 di-
abetes and CHF can be expected to rise as
the population ages and lives longer. We
hope that our data on the prevalence and
incidence of CHF, and their associated
risk factors, increase the attention paid to
CHF in diabetes and contribute to a re-
evaluation of strategies for preventing and
treating heart failure and cardiovascular
disease in type 2 diabetes.

APPENDIX A

ICD-9-CM diagnosis codes

CHF
401.91: Hypertensive renal disease, un-

specified, with CHF
402.01: Malignant hypertensive heart

disease with CHF
402.11: Benign hypertensive heart dis-

ease with CHF
402.91: Hypertensive heart disease with

CHF
404.01: Malignant hypertensive heart

and renal disease with CHF
404.03: Malignant hypertensive heart

and renal disease with CHF and renal
failure

404.11: Benign hypertensive heart and
renal disease with CHF

404.13: Benign hypertensive heart and
renal disease with CHF and renal
failure

404.93: Hypertensive heart and renal dis-
ease, unspecified, with CHF

428.0: CHF

Ischemic heart disease
410.xx: Acute myocardial infarction
411.xx: Other acute and subacute forms

of ischemic heart disease
412.xx: Old myocardial infarction
413.xx: Angina pectoris
414.xx: Other forms of chronic ischemic

heart disease

Hypertension
401.1: Essential hypertension, benign
401.9: Essential hypertension, unspecified

References
1. Kannel WB, McGee DL: Diabetes and

cardiovascular disease: the Framingham
study. JAMA 241:2035–2038, 1979

2. Ali AS, Rybicki BA, Alam M, Wulbrecht

Table 3—Risk factors for incident CHF in multivariate modeling using logistic regression

Variable b SE P OR 95% Cl

Age (baseline) 0.279 0.006 0.001 1.05 1.03–1.06
Duration of diabetes 0.081 0.017 0.012 1.04 1.01–1.08
Use of insulin 0.121 0.142 0.001 1.66 1.26–2.20
Use of oral agent 0.066 0.122 0.044 1.28 1.01–1.62
Baseline HbA1c 20.081 0.049 0.052 0.91 0.83–1.00
Baseline serum creatinine 0.125 0.110 0.001 1.78 1.43–2.21
Baseline systolic blood pressure 20.019 0.003 0.589 1.00 0.99–1.00
Baseline weight 0.071 0.001 0.037 1.00 1.00–1.01
Change* in HbA1c 20.143 0.046 0.001 0.86 0.79–0.94
Change* in serum creatinine 0.125 0.110 0.001 1.74 1.41–2.16
Change* in systolic blood pressure 20.091 0.003 0.007 0.99 0.99–1.00
Change* in weight 0.047 0.002 0.148 1.00 1.00–1.01
Baseline ischemic heart disease 0.230 0.117 0.001 2.73 2.17–3.43
Follow-up ischemic heart disease 0.217 0.153 0.001 4.31 3.19–5.81

*Change is calculated as follow-up measurement minus baseline measurement, so a negative coefficient
represents a reduction in value from baseline follow-up.

CHF in diabetes

1618 DIABETES CARE, VOLUME 24, NUMBER 9, SEPTEMBER 2001

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/24/9/1614/589662/1614.pdf by guest on 03 M

arch 2022



N, Richer-Cornish K, Khaja F, Sabbah
HN, Goldstein S: Clinical predictors of
heart failure with first acute myocardial
infarction. Am Heart J 138:1133–1139,
1999

3. Mehta RH, Ruane TJ, McCargar PA, Eagle
KA, Stalhandske EJ: The treatment of el-
derly diabetic patients with acute myocar-
dial infarction: insight from Michigan’s
Cooperative Cardiovascular Project. Arch
Intern Med 160:1301–1306, 2000

4. Gottdiener JS, Arnold AM, Aurigemma
GP, Polak JF, Tracy RP, Kitzman DW,
Gardin JM, Rutledge JE, Boineau RC: Pre-
dictors of congestive heart failure in the
elderly: the Cardiovascular Health Study.
J Am Coll Cardiol 35:1628–1637, 2000

5. Kannel WB: Vital epidemiologic clues in
heart failure. J Clin Epidemiol 53:
229–235, 2000

6. Capes SE, Hunt D, Malmberg K, Gerstein
HC: Stress hyperglycaemia and increased
risk of death after myocardial infarction in
patients with and without diabetes: a sys-
temaric overview. Lancet 355:773–778,
2000

7. Smith WM: Epidemiology of congestive
heart failure. Am J Cardiol 55:3A–8A,
1985

8. Chen YT, Vaccarino V, Williams CS, But-
ler J, Berkman LF, Krumholz HM: Risk
factors for heart failure in the elderly: a
prospective community-based study.
Am J Med 106:605–612, 1999

9. Aronow WS, Ahn C, Kronzon I: Compar-
ison of incidences of congestive heart fail-
ure in older African-Americans, Hispanic,
and whites. Am J Cardiol 84:611–612,
1999

10. Davis RC, Hobbs FDR, Lip GYH: ABC of
Heart failure: history and epidemiology.
BMJ 320:39–42, 2000

11. Gheorghiade M, Bonow RO: Chronic
heart failure in the United States: a mani-
festation of coronary artery disease. Circu-
lation 97:282–289, 1998

12. Rich MW: Epidemiology, pathophysiol-
ogy, and etiology of congestive heart fail-
ure in older adults. J Am Geriatr Soc 45:
968–974, 1997

13. Solang L, Malmberg K, Ryden L: Diabetes
mellitus and congestive heart failure. Eur
Heart J 20:789–795, 1999

14. Greenlick M, Freeborn D, Pope C: Health
Care Research in an HMO: Two Decades of
Discovery. Baltimore, MD, Johns Hopkins
University Press, 1998

15. Brown JB, Nichols GA, Glauber HS, Bakst
AW: Type 2 diabetes: incremental medi-
cal care costs during the first eight years
after diagnosis. Diabetes Care 22:1116–

1124, 1999
16. Brown JB, Nichols GA, Glauber HS: Case-

control study of 10 years of comprehen-
sive diabetes care. West J Med 172:85–90,
2000

17. Kannel WB, Belanger AJ: Epidemiology of
heart failure. Am Heart J 121:951–957,
1991

18. Kalon KL Ho, Pinsky JL, Kannel WB, Levy
D: The epidemiology of heart failure: the
Framingham Study. J Am Coll Cardiol 22:
6A–13A, 1993

19. Cowie MR, Wood DA, Coats JS, Thomp-
son SG, Poole-Wilson PA, Suresh V, Sut-
ton GC: Incidence and aetiology of heart
failure. Eur Heart J 20:421–428, 1999

20. Lehto S, Ronnemaa T, Pyorala K, Laakso
M: Cardiovascular risk factors clustering
with endogenous hyperinsulinaemia pre-
dict death from coronary heart disease in
patients with type II diabetes. Diabetologia
43:148–155, 2000

21. Santen RJ, Willis PW, Fajans SS: Athero-
sclerosis in diabetes mellitus: correlation
between serum lipid levels, adiposity and
serum insulin level. Arch Intern Med 130:
833–843, 1972

22. Hillson RM, Hockaday TD, Mann JI,
Newton DJ: Hyperinsulinaemia is asso-
ciated with development of electrocar-
diographic abnormalities in diabetics.
Diabetes Res 1:143–149, 1984

23. Standl E, Janka HU: High serum insulin
concentrations in relation to other cardio-
vascular risk factors in macrovascular dis-
ease of type 2 diabetes. Horm Metab Res
15:S46–S51, 1985

24. Ronnemaa T, Laakso M, Pyorala K, Kallio
V, Puukka P: High fasting plasma insulin
is an indicator of coronary heart disease in
non-insulin-dependent diabetic patients
and nondiabetic patients. Arterioscler
Thromb 11:80–90, 1991

25. Fontbonne A, Eschwege E: Diabetes, hyper-
glycaemia, hyperinsulinaemia and athero-
sclerosis: epidemiological data. Diabete
Metab 13:350–353, 1987

26. Hanefeld M, Schmechel H, Schwanebeck
U, Lindner J, the DIS group: Predictors of
coronary heart disease and death in
NIDDM: the Diabetes Intervention Study
experience. Diabetologia 40 (Suppl. 1):
S123–S124, 1997

27. The Bedford Study: Ten year mortality
rates in newly diagnosed diabetics, bor-
derline diabetics and normoglycaemic
controls and risk indices for coronary
heart disease in borderline diabetics. Dia-
betologia 22:79–84, 1982

28. Stern MP: Do non-insulin-dependent di-
abetes mellitus and cardiovascular disease

share common antecedents? Ann Intern
Med 124:110–116, 1996

29. Jarret RJ: Why is insulin not a risk factor
for coronary heart disease? Diabetologia
37:945–947, 1994

30. Reaven GM, Laws A: Insulin resistance,
compensatory hyperinsulinaemia, and
coronary heart disease. Diabetologia 37:
948–952, 1994

31. Fontbonne A: Why can high insulin levels
indicate a risk factor for coronary heart
disease? Diabetologia 37:953–955, 1994

32. Stern MP: The insulin resistance syn-
drome: the controversy is dead, long live
the controversy! Diabetologia 37:956–
958, 1994

33. Knatterud GL, Klimt CR, Levin ME,
Jacobson ME, Goldner MG: Effects of
hypoglycemic agents on vascular compli-
cations in patients with adult-onset diabe-
tes. JAMA 240:37–42, 1978

34. UKPDS Group: UKPDS 33: Intensive
blood-glucose control with sulphonylu-
reas or insulin compared with conven-
tional treatment and risk of complications
in patients with type 2 diabetes. Lancet
352:837–851, 1998

35. Malmberg K: Prospective randomized
study of intensive insulin treatment on
long term survival after acute myocardial
infarction in patients with diabetes melli-
tus. BMJ 314:1512–1515, 1997

36. Abraira C, Colwell JA, Nuttall FQ, Sawin
CT, Henderson WG, Comstock JP, Eman-
uele NV, Levin SR, Pacold I, Lee HS: Car-
diovascular events and correlates in the
Veterans Affairs Diabetes Feasibility Trial.
Arch Int Med 157:181–188, 1997

37. Pitale SU, Abraira C, Emanuele NV, Mc-
Carren M, Henderson WG, Pacold I,
Bushnell D, Colwell JA, Nuttall FQ, Levin
SR, Sawin C, Comstock JP, Silbert CK:
Two years of intensive glycemic control
and left ventricular function in the Veter-
ans Affairs Cooperative Study in Type 2
Diabetes Mellitus (VA CSDM). Diabetes
Care 23:1316–1320, 2000

38. Saito I, Folsom AR, Brancati FL, Duncan
BB, Chambless LE, McGovern PG: Non-
traditional risk factors for coronary heart
disease incidence among persons with di-
abetes: the Atherosclerosis Risk in Com-
munities (ARIC) Study. Ann Intern Med
133:81–91, 2000

39. Pladziewicz DS, Nesto RW: Hypoglyce-
mia-induced silent myocardial ischemia.
Am J Cardiol 63:1531–1532, 1989

40. UKPDS Group: UKPDS 38: Tight blood
pressure control and risk of macrovascu-
lar and microvascular complications in
type 2 diabetes. BMJ 317:703–713, 1998

Nichols and Associates

DIABETES CARE, VOLUME 24, NUMBER 9, SEPTEMBER 2001 1619

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/24/9/1614/589662/1614.pdf by guest on 03 M

arch 2022


