1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

NAT/%;
D:

(%)
s>’

O

HE

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Nutr Metab Cardiovasc Dis 2011 July ; 21(7): 504-511. doi:10.1016/j.numecd.2009.11.012.

Impaired Fasting Glucose and Recurrent Cardiovascular Disease
among Survivors of a First Acute Myocardial Infarction:
Evidence of a Sex Difference ? The Western New York
Experience

Richard P Donahue, PhD, MPH?, Joan M Dorn, PhD?, Saverio Stranges, MD, PhD¥2, Mya
Swanson?, Kathleen Hovey, MS!, and Maurizio Trevisan, MD1:3

1Department of Social and Preventive Medicine, State University of New York at Buffalo, NY,
USA

2Health Sciences Research Institute, University of Warwick Medical School, Coventry, UK

SNevada University Health Systems, Las Vegas, NV, USA

Abstract

Background and aims—There is little epidemiological evidence regarding the association of
impaired glucose metabolism with recurrent cardiovascular events. We therefore examined
potential sex differences in the effect of impaired fasting glucose (IFG) on recurrent
cardiovascular disease (CVD) in a community-based study of survivors of a first acute myocardial
infarction (MlI).

Methods and results—This report focuses on 1,226 incident Ml cases (28.4% women)
discharged alive from area hospitals in the Western New York Acute M1 Study (1996-2004).
Deaths and underlying cause of death were determined via query of the National Death Index
(Plus) Retrieval Program with follow-up through December 31, 2004. Outcomes reported included
fatal or nonfatal coronary heart disease (CHD) or coronary revascularization surgery and total
stroke. Traditional CHD risk factors and other explanatory variables were determined by clinical
examination after the first acute event. Impaired fasting glucose was defined as fasting blood
glucose between 100 and 125 mg/dl. During a mean follow-up of 4.5 years, there were 91
recurrent events (26.1%) in women and 173 recurrent events (19.7%) in men. After multivariable
adjustment, the hazard ratios for recurrent cardiovascular events were 1.96 (95% CI: 1.15-3.16)
and 2.59 (1.56-4.30) in women with IFG and with diabetes, respectively, compared to
normoglycemic women. Among men, neither IFG nor diabetes was independently related to risk
of recurrence.
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Conclusions—In this study, IFG was a strong risk factor for recurrent cardiovascular events
only among women. These results suggest that increased cardiovascular risk in MI survivors
begins at lower glucose levels in women than men.
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Introduction

Methods

Over the past thirty years the mortality rate from coronary heart disease has fallen
dramatically in the United States. This decline has been more pronounced in men than
women 1. However, the population with type 2 diabetes has failed to share in this decline 2 .
While both primary prevention as well as secondary preventive efforts no doubt lies behind
much of the decline in the non-diabetic population, the lack of improvement among the
diabetic population is puzzling. Extant data suggest that women with diabetes are more
likely to have recurrent CVD than men 3. Few data are available that have examined
potential sex differences in the effects of impaired fasting glucose (IFG) (100-125 mg/dl) on
recurrent cardiovascular events, though it is known that diabetes is an especially important
risk factor among women 4, and that risk of coronary heart disease (CHD) in women may be
elevated at lower glucose levels than for men 576.

To examine the role of IFG in terms of secondary prevention, we hypothesized that IFG
among those discharged alive after suffering an initial acute M1 (AMI) would be at higher
risk for recurrent cardiovascular disease (CVD) than their normoglycemic counterparts, with
potential sex differences.

The Western New York Acute MI study is an on-going study of residents of Erie and
Niagara Counties who were hospitalized at area hospitals with confirmed AMI. This
population-based study affords a unique examination of IFG and post-discharge survival and
the use of various treatment modalities in a community-wide setting on any sex differences
post-discharge.

Study Population and Design

Measurements and Definitions—Enrolled cases completed a series of health and
lifestyle questionnaires and underwent a comprehensive interview and physical examination
in our Center for Preventive Medicine an average of 4.4 months (+ 1.3 months) after the
index MI. This window of time was selected in order to minimize the acute effects of the Ml
on other variables of interest 10. Participants were asked to bring to the clinic with them all
prescription and over-the-counter medications they had taken over the last thirty days
including aspirin. Hypertension was defined as a systolic BP > 140 mmHG , or a diastolic
BP > 90 mmHG or taking any medications known to have blood pressure lowering effects.
Data collection also included information on hospitalizations since discharge, socio-
demographic characteristics, anthropometric variables including: BMI (metric weight /
metric height squared), as well as personal and family medical history, alcohol use,
smoking, and physical activity. Anyone who reported a 24-hour stay at the hospital or
anyone who reported a surgical procedure for CVD (ie, angioplasty, CABG) was not
included in this report. Diabetes was defined by 1) a positive answer to “has a physician ever
told you that you have diabetes?” and concurrent use of insulin or oral medications, or 2)
fasting blood glucose above 125 mg/dl for those without such a history. While in the clinic,
fasting blood (at least 12 hours) was drawn into a fluoridated tube for the glucose
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assessment. Impaired fasting glucose was defined as fasting blood glucose between 100 and
125 mg/dl which is consistent with guidelines issued by the American Diabetes Association
for epidemiologic studies11. A complete lipoprotein profile was not available;
hyperlipidemia was defined as a total cholesterol concentration of 200 mg/dl or greater or on
lipid-lowering medication. Data on nutritional intake before or after the MI were not
available. Physical activity was assessed but was so minimal that it made no impact on the
findings.

Follow-up and Outcomes—Following the baseline study interview, non-fatal events
were tracked prospectively via mailed surveys (1998, 1999, 2003, 2004) to participants who
identified the occurrence of all hospitalizations lasting 24 hours or more, emergency room
visits, and out-patient procedural visits. Participants not responding to mailed surveys were
contacted by telephone and asked to return the survey by mail or complete the survey at the
telephone contact. At least one survey was completed by 93.5% of enrolled study
participants and nearly 75% of the participants completed all surveys. All events reported by
study participants were adjudicated through review of medical records by an Outcomes
Committee that was blinded to the glycemic status of the participants. When members
disagreed, the majority opinion was recorded. Deaths and underlying cause of death were
determined via query of the National Death Index (Plus) Retrieval Program with follow-up
through the end of 2004. Outcomes considered in this report included fatal or nonfatal CHD,
or coronary revascularization surgery or stroke (ICD9 410-414 and 427, 430-438). Only the
first recurrence of an event was counted. Through comparison with the New York
Department of Heath records, we estimate we identified 95% of the acute MI’s in Eire and
Niagara Counties.

Statistical Analysis

Results

The primary endpoint of this analysis was time to recurrent event. Survival time was defined
as the period from discharge to the date of a recurrent Ml, stroke, cardiac intervention, or
death due to a cardiac cause. Participants known not to have had an event were censored on
December 31, 2004; the most recent date mortality information could be identified via the
National Death Index. The association between continuous variables was examined with
general linear models and chi-square tests were used for categorical variables. Sex-specific
Kaplan-Meier estimates were created to obtain the survival curves for each glycemic group.
Differences between survival curves were tested with the log-rank test. Two multivariable
models were examined. In model 1 we adjusted for age (years), current smoker (yes, no),
ever use of alchol (yes,no), current aspirin use (yes, no), ethnicity (white vs otherwise), and
body mass index(kg/m?). Model 2 included the above variables plus hypercholesterolemia
and hypertension as previously defined.. The adjusted hazard ratios and 95% CI were
estimated with normoglycemic persons serving as the reference group. Interactions were
tested using likelihood ratio statistics and compared with chi-square tests. All tests were
two-sided and an alpha level of < 0.05 was considered statistically significant. Only those
with complete data were included in the multivariable analyses. There was no evidence to
show that the hazards were not proportional over the follow-up period. SPSS version 16.0
(SPSS Inc., Chicago, IL) was used for all analyses.

Of the 2060 eligible, 59.5% attended our clinic (n=1226). We randomly telephoned over 500
of the nonresponders in order to characterize them to some degree. The only significant
differences between the two were the following: the nonrespondants were significantly less
likely to be male (66.7% vs 71.0%), more likely to report “ever smoker” (80.4% vs 74.8%),
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more likely to be nonwhite (93.8% vs 87.4 %) and had less formal education (12.7 years vs
13.3 years; all p < 0.05).

There were 91 events recorded in 348 women at risk for a recurrent event (crude case
fatality rate) was 26.5 %. Non-fatal M1l comprised the majority of the events; with 65 non-
fatal CHD events and 8 fatal MI’s. There were only 9 events attributable to angioplasty or
coronary artery bypass graft (CABG) and an equal number of non-fatal strokes (Table 1).
Among men, there were 173 events and 705 men without an event (crude CFR of 19.7%; P
= 0.005 vs. women). There was no significant sex difference in the distribution of events
between the two sexes. The median time to follow-up among men was 3.73 years and
among women was 3.49 years.

Table 2 presents descriptive characteristics of the study participants by sex and recurrent Ml
status. Among women, who had a recurrent event had higher concentrations of total
cholesterol and fasting glucose than those who did not experience a recurrence. Thirty-one
percent of women who had suffered a recurrent MI, reported use of insulin or hypoglycemic
medication compared to 13.9% in women who did not.. Use of calcium channel blockers
were also more frequent among women who had a recurrent event (P = 0.02). Use of beta-
blockers was relatively low, about 67%, as was use of aspirin and statin use. Frequency of
medication use in women ranged from 61.5% for lipid-lowering medication to
approximately 85 % for hypertension. Among men, there were fewer significant differences
in therapy except for diuretic use which was more frequent in those who suffered another
CVD event (P= 0.001). Men who had a recurrence were more likely to have continued to
smoke (19.3% vs. 12.9%; P = 0.03).

Next we compared risk factor variables across levels of glycemia (Table 3). Again in women
only, BMI, , systolic blood pressure, and the number of different types of antihypertensive
agents were all positively associated with increased level of glycemia. The mean
concentration of glucose was 90.0 mg/dl in the normoglycemic women, 108.5 mg/dl in those
with impaired fasting glucose, 92.0 mg/dl in normoglycemic men and 175.0 mg/dl among
those with type 2 diabetes (p < 0.001). BMI increased with increasing glycemic level in both
sexes. A positive family history of type 2 diabetes was more frequent with increased
glycemic level. Reported use of anti-hypertensive agents was somewhat more common in
women (p=0.06) while no difference in beta-blocker therapy was evident with increasing
level of glycemia.

Figure 1 presents the Kaplan-Meier Survival curves in women according to glycemic status.
Women with impaired fasting glucose at baseline fared significantly worse than those who
were normoglycemic (p = 0.02), and the diabetic women had the lowest survival rate (p =
0.001) (log-rank test = 0.001). The log-rank test was not statistically significant for men (P =
0.56) (data not shown).

Table 4 presents age-adjusted and multivariate adjusted hazard ratios (95% CI) for recurrent
CVD in both sexes. Adjusted only for age, there was a clear monotonic trend in women with
increasing degree of glycemia (P = 0.001). After multivariable adjustment, the hazard ratios
were 1.96 (95% CI: 1.15, 3.16) and 2.59 (95% CI: 1.56, 4.30) among women with IFG and
diabetic women, respectively, compared to normoglycemic women. Consideration of other
potential mediators (e.g., beta blocker use, diuretic use, ACE inhibitor use, daily aspirin use)
had no material effect on these results. Among men, neither IFG nor diabetes was
statistically significant.
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Discussion

The present study highlighted sex differences in the role of impaired fasting glucose in
recurrent cardiovascular events in a community-based cohort of survivors of a first acute
myocardial infarction. Specifically, the principle finding of this report is that impaired
fasting glucose, defined as fasting plasma glucose between 100 mg/dl and 125 mg/dl, was a
predictor of recurrent CVD only among women, imparting a multivariate hazard ratio of
2.24. Neither IFG nor diabetes was independently related to risk of recurrence in men.

The Worcester Heart Attack Study has followed survivors of AMI for up to ten years and
reported no sex difference for total mortality 12. The SPRINT study suggested that among
those who took insulin for their diabetes, women had poorer survival than men; an
observation not seen among users of oral hypoglycemic agents 13.

In the primary CVD prevention setting, a few studies point to potential sex differences in the
association of impaired fasting glucose with cardiovascular risk. For example, recent
findings from the Framingham Offspring cohort study showed that both the 1997 and 2003
IFG definitions were predictive of CHD in women but not men 5. In agreement with this, a
cross-sectional analysis of NHANES 1999-2004 showed that compared to normoglycemic
subjects, women with IFG (100-125 mg/dl) had a significant 83% increased 10-year risk of
developing CHD whereas no significant risk was observed in men6.

Several mechanisms may be involved to help explain these results. For example, women
with impaired fasting glucose may have a greater degree of insulin resistance and/or have
greater endothelial dysfunction14: 15. Unfortunately, we did not have the necessary clinical
information to examine these possibilities. Diabetic women may also have experienced
greater left ventricular dysfunction than their male counterparts 20 although there were few
differences in cardiac enzyme levels post Ml (data not shown). Furthermore, in the present
study men with IFG were more healthy and lean than women with IFG. This could explain,
at least in part, the observed sex differences in the effect of IFG on recurrent CVD.

In the past, treatment guidelines have tended to focus on optimal glycemic control in the
diabetic patients. Recent findings from three clinical trials have shown, however that
glycemic control is not strongly related to risk of first Ml 16718 . The prevention of CVD
disease may be more strongly related to treatment of conventional CVD risk factors as well
as nonglycemic factors, and influenced not only by the management of glycemic control, but
also aggressive management of the conventional coronary risk factors including enhancing
insulin sensitivity 19. In this observational study, pharmacologic therapy was quite common
making it very difficult to tease out a unique contribution of a specific drug to risk of
recurrent cardiovascular disease.

We have shown in previous work that women who progressed from normoglycemia to
impaired fasting glucose had evidence of greater endothelial dysfunction than their male
counterparts 15 and had a higher index of insulin resistance, consistent with findings from
the WISE study 20. Whether this also extends into the post MI period deserves further
epidemiologic scrutiny. We also did not have data concerning in-hospital MI characteristics
such as new Q wave, anterior vs. posterior MI, ST vs. non-ST elevation, heart failure or
cardiogenic shock. These variables likely reflect the degree of damage to left ventricular
function and risk for ventricular arrhythmia and it is unclear how they would have affected
our findings.

Some limitations of this investigation deserve comment. We limited our study population to
those aged 35 to 69 years who were discharged alive from the hospital. Thus those of both
genders at highest risk for AMI and diabetes were not included. Our results therefore, may

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2012 July 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Donahue et al.

Page 6

not be applicable to this group of patients. We did not collect data on in-hospital mortality as
the focus of our research was on secondary prevention post-discharge. We also had largely a
white, male, and somewhat more highly educated group of participants than nonparticipants
which would limit the external but not internal validity of our findings. The Finnish
contribution to the MONICA study 21 showed that diabetic men had a higher out-of-hospital
mortality rate than did women, but that diabetic women who survived to admission had a
higher in-hospital and one year case-fatality rate than their male counterparts. Many studies
have shown a greater case-fatality rate in women with AMI than men that persists during the
first year of discharge 22. However, restricting our study to patients who survived at least 28
days post-discharge could involve an underestimation of effects of diabetes in men who died
early. Thus, we cannot totally dismiss the possibility that men with IFG died earlier than
women with IFG. Our finding of a sex difference related to impaired fasting glucose over a
mean follow-up of 4.5 years is unique and suggests that risk of recurrent CVD in women
post-MI extends below the diabetic range. However, a longer follow-up period is needed to
firmly establish this finding. We had no information on time-dependent covariates as we
conducted a single clinical exam. It is difficult to speculate with any reasonable degree of
certainty on how, for instance, change in medication or dose might have affected our results.

Notable strengths of this study include the community-based nature of the investigation, the
recency of the past few years, results which may reflect the current profiles of patients with
AMI in this catchment area, the careful assessment of risk factors, the collection of
pharmaceutical medications, the standardization of the endpoints, the number of events and
the completeness of follow-up. Our response rate of 60% is consistent with other large
epidemiologic studies including the Atherosclerosis in Community Study (ARIC) 23 and the
Cardiovascular Health Study (CHS) 24 where response rates varied from 48% to 60%. The
response rate would be unlikely to affect the internal validity of this study in any event.

A strong survivorship bias would seem an unlikely explanation to completely explain the
observed sex-differences in the current investigation. For example, if women with diabetes
were more likely to die during hospitalization than non-diabetic women, this would tend to
bias the hazard rate towards the null. Indeed, the median survivorship was 3.49 years in
women and 3.73 years in men. There are no comparable data that we know of for women
with impaired fasting glucose, but a similar direction of attenuation seems plausible. Longer
term data are necessary to better address this question. We had information from one
baseline examination which was not repeated during the follow-up time. Thus, we could not
directly examine the proportion of impaired fasting glucose women who may have
progressed to develop type 2 diabetes. Some of the study participants classified as IFG case
patients at the follow-up examination may have had undetected type 2 diabetes. Such
misclassification of diabetes would tend to increase the hazard ratio. However, fasting
glucose measures are more highly correlated over time than the 2-h post-challenge glucose
level, and, upon repeat testing, many with newly detected type 2 diabetes are found to
“revert” to either impaired glucose tolerance (IGT) or normal 25728. The Hoorn Study 25
has reported that the risk for conversion to diabetes over 6.5 years is nearly identical among
those with impaired fasting glucose (51.4/1,000 person-years) and those with impaired
glucose tolerance (57.9/1,000 person-years). Thus, we would expect relatively few women
to progress to type 2 diabetes over our follow-up time especially because they are under care
from their physician.

There is abundant evidence that indicates that women patients with AMI do not receive the
same standard of care as men. In patients admitted to 37 Minnesota hospitals, women were
less likely than men to receive beta-blockers, aspirin and thrombolytic therapy 29. A similar
pattern was noted in the Cooperative Cardiovascular Project 30. Although we noted different
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disparities, consideration of these variables in multivariate analyses did not materially alter
our results (data not shown).

In summary, impaired fasting glucose and type 2 diabetes were found to be significant
predictors of recurrent CVD in women MI survivors after consideration of other risk factors
and medical management. These results suggest that this increased CVD risk in these AMI
survivors begins at lower levels of fasting glucose than are currently used to define type 2
diabetes. Recent findings from the ACCORD, VADT, and ADVANCE16~18 randomized
clinical trials clearly show that tight glycemic control does not eliminate the risk of macro-
vascular complications in the diabetic population. Targeted screening of conventional CvVD
risk factors and secondary interventions proven to enhance insulin sensitivity should be
more heavily emphasized and managed, particularly among women.
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Figure 1.
Kaplan-Meier Estimates of the Probability of Recurrent CHD According to Glycemic
Status: Log-rank < 0.01
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