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Abstract

Background and aims—Glycosylated hemoglobin (HbA;) has been associated with incident
cardiovascular disease (CVD), but the findings are inconsistent. We tested the hypothesis that
HbA 1. may be associated with an increased risk of death and cardiovascular mortality in older adults.

Methods and results—We evaluated the association between HbA . with all-cause and
cardiovascular mortality in 810 participants without a history of diabetes in a sub-study of the
Cardiovascular Health Study (CHS), a community cohort study of individuals >65 years of age.
Glycosylated hemoglobin was measured at baseline and all-cause and cardiovascular mortality was
assessed during the follow-up period. The relation between baseline HbA . and death was evaluated
with multivariate Cox proportional hazards regression models. After a median follow-up of 14.2
years, 416 deaths were observed. The crude incidence rates of all-cause mortality across HbA ¢
groups were: 4.4% per year, 4.3% per year and 4.6% per year for tertile 1 (<5.6%), tertile 2 (5.61—
6.20%) and tertile 3 (>6.21%), respectively. In unadjusted and fully adjusted analyses, baseline
HbA 1. was not associated with all-cause mortality and cardiovascular mortality (hazard ratio: 1.16
[95% confidence interval 0.91-1.47] and hazard ratio: 1.31 [95% confidence interval 0.90-1.93],
respectively for the highest HbA ;. tertile compared with the lowest).

Conclusion—These results suggest that HbA 1. does not significantly predict all-cause and
cardiovascular mortality in non-diabetic community-dwelling older adults.

© 2009 Elsevier B.V. All rights reserved.
"Corresponding author. Tel.: +1 303 399 6997; fax: +1 303 399 3131. michel.chonchol@uchsc.edu (M. Chonchol).
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Introduction

Methods

Elevated non-diabetic glucose levels in the general population have been found to be associated
with cardiovascular disease (CVD) [1]. This relationship is continuous and does not appear to
have an obvious threshold [1,2]. However, the role of glycemia in causing CVD has been
limited by several factors, above all by its measurement over time [3]. Glucose reacts non-
enzymatically in the blood with amino groups of many plasma and tissue proteins to form
glycated proteins, which represent an integrated measure of blood glucose over days to weeks
[3,4].

Glycosylated hemoglobin (HbA;¢), a measure of total non-enzymatically glycated proteins in
the blood, is an indicator of average blood glucose concentrations over the preceding 3 months
and is a well established biomarker of long term glucose homeostasis in diabetic subjects [5,
6]. Furthermore, HbA is useful to characterize dysglycemia in population-based studies
because it is simpler to perform than an oral glucose tolerance test [2,7-9]. In non-diabetics,
elevated HbA ¢ has been shown to be associated with increased risk of diabetes [10], and
incident cardiovascular events [11-13]. However, existing literature is scarce and inconclusive
regarding whether HbA1. in non-diabetic individuals is associated with an increased risk of
death and cardiovascular mortality, especially in the elderly. One population study suggested
an association between higher HbA 1 and all-cause mortality and cardiovascular events [2]
while in another study, baseline HbA predicted cardiovascular mortality in women but not
in men [14].

Using data from the Cardiovascular Health Study (CHS), the present analysis was undertaken
to test the hypothesis that HbA is an independent predictor of all-cause and cardiovascular
mortality in a community-based cohort of older non-diabetic adults among whom data
pertaining to this issue is limited.

Study population and sample

The Cardiovascular Health Study is a prospective, community-based cohort study of
cardiovascular disease among 5888 adults aged 65 years and older recruited from four different
communities in the US (Forsyth County, NC; Sacramento County, CA; Allegheny County,
PA; and Washington County, MD)[15]. The original CHS cohort of 5201 participants was
recruited from 1989 to 1990, and a second cohort of 687 African American men and women
was recruited during 1992 and 1993. The purpose of the study was to evaluate risk factors for
the development or progression of CVD in the elderly. Details of the study design, sampling,
and recruitment have been previously published [16,17].

One site (Forsyth County) measured HbA at baseline (n = 1094). Of these, we excluded 284
for the following reasons: 168 patients had a diagnosis of diabetes defined as the use of insulin
or oral hypoglycemic agents or a fasting glucose level > 126 mg/dL; 86 subjects had a diagnosis
of diabetes defined as a 2-h glucose after glucose load >200 mg/dL; and 30 had missing data
on the 2-h glucose after oral glucose load. Thus, the final sample used in this study was 810
participants.
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Predictors and outcomes

The primary predictor was HbA level. Frozen whole blood samples stored at —70 °C from
the baseline visit were available for measurement of HbA ;.. Glycosylated hemoglobin was
measured using an affinity column method (normal values ranged 2.9-5.1%) using a standard
kit. The method was standardized against high pressure liquid chromatography procedures.
These determinations were conducted at the Wake Forest University Clinical Pathology
Department with monitoring of internal and external quality assurance.

The outcomes of interest were all-cause death, CVD mortality and non-fatal cardiovascular
events including myocardial infarction, congestive heart failure or stroke. Participants with a
history of CVD were excluded from the analyses of incident non-fatal cardiovascular events.
All events were adjudicated by a CHS outcome-assessment committee. The methods of
ascertaining and adjudicating events have been described previously [17,18]. Mortality data
were obtained through review of obituaries, medical records, death certificates, and the Centers
for Medicare and Medicaid Services health care utilization database for hospitalizations and
from household contacts; 100% complete follow-up for ascertainment of mortality status was
achieved. Cardiovascular mortality was defined as death caused by coronary heart disease,
heart failure, peripheral vascular disease, or cerebrovascular disease.

Other measurements

Body mass index (BMI) was calculated by dividing weight in kilograms by height in meters
squared. Waist circumference was measured in a standing position at the level of the umbilicus.
Participants were classified as current smokers if they reported smoking within the past 30
days or identified themselves as current smokers. Former and never smokers were classified
on the basis of self-report of their smoking status and reporting no cigarette smoking in the
past 30 days. Hypertension was diagnosed if the participant was taking antihypertensive
medications, or the average of three blood pressure readings was a systolic blood pressure >140
mmHg, or a diastolic blood pressure >90 mmHg. Prescription data were ascertained from a
review of prescription bottle labels by interviewers [19].

Laboratory tests were performed after an 8-12-h fast. Detailed methods for blood drawing,
quality assurance, and assay performance were described previously [16]. Serum chemistry
tests, including creatinine, were performed using the Kodak Ektachem 700 Analyzer (Eastman
Kodak, Rochester, NY). Serum creatinine was calibrated indirectly to the Cleveland Clinic
“standard” assay used in the development of the Modified Diet Renal Disease (MDRD) Study
glomerular filtration rate (GFR) prediction equation [20]. In this analysis, GFR was estimated
from the abbreviated MDRD Study formula and chronic kidney disease (CKD) was defined
asan estimated GFR level less than 60 mL/min per 1.73 m2 [21]. The Olympus Demand System
(Olympus, Lake Success, NY) was used for total and high-density lipoprotein cholesterol
(HDL-C) and triglycerides, low-density lipoprotein cholesterol (LDL-C) was calculated by
using the Friedewald formula, except when triglycerides exceeded 400 mg/dL (four
participants) [22]. C-reactive protein (CRP) was measured by using an enzyme-linked
immunosorbent assay [23]. Laboratory values used in these analyses were from the baseline
visit.

Analytical methods

Glycosylated hemoglobin was characterized by tertiles. Differences across groups were
evaluated using Kruskal-Wallis test for continuous variables and chi-square for categorical
variables, and p-values were calculated for linear trend across tertiles. Crude incidence rates
for all-cause mortality, cardiovascular events and mortality were calculated by dividing the
number of incident events by the cumulative time at risk for each HbA . tertile. Time was
calculated as the time to the first incident event for each type of event.
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We used unadjusted and adjusted Cox proportional hazards regression models to examine the
association between baseline HbA1 with time to all-cause mortality, cardiovascular events
and death. Analyses of cardiovascular events were restricted to participants without any clinical
cardiovascular disease at the baseline visit (for example participants with prevalent myocardial
infarction at the baseline exam were excluded from the analysis for myocardial infarction as
an outcome). Candidate covariates considered for insertion in the adjusted models included:
age, gender, race, BMI, smoking status, history of hypertension, systolic and diastolic blood
pressure, serum glucose, total cholesterol, HDL-C, LDL-C, CKD (i.e., estimated GFR < 60
mL/min per 1.73 m2) and usage of hypertension medications.

In these multivariate models, candidate variables for adjustment were retained in the final
models if they changed the beta coefficient of the primary predictor of interest (HbA1) by at
least 5%. All models were adjusted for the following final covariates: age, gender, race,
smoking status, BMI, hypertension, CKD and LDL-C. The proportional hazards assumption
was not violated. Linearity between continuously measured HbA . and all-cause mortality was
explored by fitting restricted cubic splines. Statistical analyses were performed using SPSS
15.0.1.1 software for Windows (SPSS Inc, Chicago, IL). A p-value less than 0.05 was
considered statistically significant. Confidence intervals (Cls) are expressed as 95% CIs.

Population baseline characteristics

The study population had an average age of 72 + 5 years, BMI of 25.3 + 4.3 kg/m?, and median
follow-up of 14.2 years. Participants were predominantly white (94%), 41% were male, and
52% had a history of smoking. The median (IQR) of levels of HbA at study initiation were
5.9% [5.4, 6.4]. Participants who were African—Americans; and who had a larger waist
circumference, higher BMI, impaired fasting glucose (110-125 mg/dL) and impaired glucose
tolerance (141-199mg/dL) during oral glucose tolerance test were all more likely to have
higher HbA levels. C-reactive protein levels, fasting serum glucose, and 2-h glucose after
oral glucose load were higher in participants with higher HbA;¢. There were no significant
differences in prevalence of hypertension, dyslipidemia, metabolic syndrome according to the
National Cholesterol Education Program Adult Treatment Panel 111 and usage of
antihypertensive medications including angiotensin converting enzyme inhibitors, g-blocker,
calcium antagonist and thiazides across HbA 1 tertiles (Table 1).

Rates for all-cause mortality, cardiovascular events and mortality by category of
glycosylated hemoglobin concentrations

There were a total of 416 deaths of which 139 were cardiovascular deaths. Tables 2 and 3
provide event rates according to HbA 1 tertiles. During a median follow-up time of 14.2 years,
the crude incidence rates for all-cause and cardiovascular mortality were: 4.4% per year and
1.5% per year, respectively (see Table 2). Subjects having high HbA4. (>6.21%) at baseline
had similar incidence rates for all-cause and cardiovascular mortality as those participants with
alow HbA1 (<5.6%). Similarly, the incidence rates for all the different types of cardiovascular
events did not vary significantly across HbA tertiles (see Table 3).

Association between glycosylated hemoglobin concentrations and all-cause mortality,
cardiovascular events and mortality

Table 4 shows the results of the Cox proportional hazard models for risk of all-cause mortality,
cardiovascular events and death by tertile of HbA1.. In unadjusted analyses, higher HoA ¢
concentration was not associated with an increased risk in all-cause mortality or cardiovascular
event or death. In analyses adjusting for all covariates (including, age, gender, race, BMI,
smoking history, hypertension, CKD and LDL-C) none of the tertiles was significantly
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associated with an increased risk of death or cardiovascular events. Similarly, when HbA1
was modeled as a linear variable, there was no significant increase in risk for the pre-specified
outcomes; these associations were adjusted HR: 1.01 (95% CI1 0.92—1.10) and adjusted HR:
1.06 (95% CI 0.93-1.22), per 1% HbA, difference respectively for all-cause and
cardiovascular mortality risk. Fitting a cubic spline to HbA, revealed no association with an
increase risk of death and cardiovascular mortality (not shown). In addition, testing for a gender
by HbA; interaction for all-cause death, fatal and non-fatal cardiovascular events revealed
none (p > 0.15 for all). Other covariates independently associated with all-cause and
cardiovascular mortality were older age, smoking, hypertension and CKD.

Finally, the model was repeated with 2-h plasma glucose concentration instead of HbA4. as a
dependent variable. After multivariate adjustment for age, gender, race, BMI, smoking history,
hypertension, CKD and LDL-C, the 2-h glucose concentration was independently associated
with cardiovascular mortality (HR: 1.19, 95% CI 1.00-1.42 per standard deviation increase).
No significant association was observed between the 2-h glucose concentration and all-cause
mortality (HR: 1.09, 95% CI 0.99-1.21) or non-fatal cardiovascular events including
myocardial infarction (HR: 1.18, 95% CI 0.95-1.46), congestive heart failure (HR: 1.07, 95%
Cl 0.91-1.26) and stroke (HR: 0.90, 95% CI 0.73-1.10) per standard deviation increase.

Further analyses were performed including all 86 participants with diabetes during an oral
glucose tolerance test (n = 896). Across increasing HbA . tertiles 11 (13%), 24 (28%) and 51
(59%) had an abnormal 2-h oral glucose after a glucose load. In unadjusted and fully adjusted
analyses, baseline HbA;. was significantly associated with all-cause mortality and
cardiovascular mortality (adjusted HR: 1.32 [95% CI 1.00-1.75] and adjusted HR: 1.59 [95%
Cl 1.02-2.48], respectively for the highest HbA tertile compared with the lowest).

Discussion

In this cohort of older, community-dwelling men and women, HbA 1. does not significantly
predict all-cause and cardiovascular mortality, suggesting that dysglycemia itself in non-
diabetic elderly subjects might not be as important as other cardiovascular risk factors for
development of vascular events. Other studies investigating the association between HbA7.
and cardiovascular events have scrutinized non-diabetic participants [11-13] but few focused
on HbA; and its relationship with all-cause and cardiovascular mortality in older participants
[2,14].

In contrast to our null findings, others have found an association between HbA; and all-cause
mortality. Our findings contradict those from the European Prospective Investigation into
Cancer in Norfolk (EPIC-Norfolk) [2], a large observational study of 4662 men and 5570
women, where a 1% increment in HbA;. (HbA1. > 7% excluded) was associated with a 26%
increase in all-cause mortality (relative risk: 1.26 [95% CI 1.04-1.52]; p = 0.02) in men and
women without cardiovascular disease or diabetes at baseline. In EPIC-Norfolk, the group of
non-diabetic participants in the highest HbA1. group had a greater BMI than subjects with
similar HbA 1 in the CHS cohort (28.6 + 3.4 vs 26.1 + 4.5). In addition, subjects with an
abnormal oral glucose tolerance test were not excluded from the analysis. In another
longitudinal study of 1239 older non-diabetic adults [14], baseline HbA ;. was associated with
cardiovascular mortality in women but not in men. The age-adjusted relative hazard for those
women in the highest quintile of HbA;. (>6.7%) compared with women with lower levels was
2.37 for fatal CVD (95% CI 1.30-4.31, p = 0.005). Hence, this study suggested a relationship
only in a selected population (i.e., elderly females).

With regard to incident cardiovascular disease, the Hoorn Study [24], Women’s Health Study
cohort [12] and the EPIC-Norfolk [2] reported significant associations between HbA ;. and
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incident cardiovascular disease in unadjusted analyses, though in all of these studies the
relations were not independent after adjustment for traditional cardiovascular risk factors.
Similarly, Pradhan and colleagues [10] found no significant association between HbA;. and
incident cardiovascular events in a prospective cohort study of 26,563 US female health
professionals aged 45 years or more without diagnosed diabetes or vascular disease after a
median follow-up of 10.1 years. In contrast to these studies, the Framingham Offspring cohort
[25] observed an increase in cardiovascular risk for a 1-percentage point increase in HbA,
level (2.36 [95% CI 1.43-3.90]) in persons without diabetes but with an HbA1 level greater
than 4.6%. Thus, the association of HbA1¢ with an increase risk of death and cardiovascular
disease in non-diabetic subjects remains uncertain.

Overall, it is conceivable that the apparent discrepant results among the published studies [2,
10-14,24,25] assessing the relationship between HbA;. and outcomes are likely due to
differences in the study populations, study durations, and more importantly the predictive value
of HbA 1 level observed in some of these studies appears to be largely attributed to its
association with other traditional cardiac risk factors. An alternative explanation is that that
HbA . is the wrong marker of dysglycemia with regards to prediction of CVD. Some studies
have suggested that it is the 2-h glucose concentration after an oral glucose load that is a more
important predictor of CVD events. In fact, in this cohort the 2-h glucose concentration was
independently associated with cardiovascular mortality. Furthermore, the association between
HbA 1 and all-cause and cardiovascular mortality was significant after including those
participants with diabetes during an oral glucose tolerance test. Hence, the relationship of
HbA 1 on allcause and cardiovascular mortality reported in previous population-based studies
may be essentially driven by participants with glucose intolerance as shown in this study.

Our study has several limitations. First, because our cohort comprised predominantly elderly
Caucasian subjects, our results may not be generalizable to other populations who may
otherwise be at risk for dysglycemia. Second, because of our study design, values for Hb A1
were measured on a single blood specimen. Therefore we cannot evaluate the effects of changes
in this parameter over time. Third, the study population is limited by a relatively smaller sample
size in comparison to other published reports, hence it is possible that this lack of significance
reflects inadequate statistical power, rather than a true negative result. However, assuming a
similar accrual and follow-up period to this study, a total of 694 participants will need to be in
the study to detect the observed associations as significant. With a type | error rate of 5% and
a power of 80% the minimum detectable hazard ratio is 1.3. The hazard of 1.3 has been reported
by other published reports and in this analysis for the outcome of cardiovascular mortality.
Finally, use of frozen samples may have theoretically affected our results, however, the
exposure misclassification on this basis is likely to be small as the distribution, mean, and
median values of HbA. in our study are comparable to those of other referent populations
with normal glucose tolerance [8-10].

Notwithstanding these limitations, the strengths of this study are the use of uniform methods
to collect data on HbA ., and the extensive and complete data on other factors associated with
CVD, which allowed us to give an unbiased estimate for the relationship between HbA. and
cardiovascular events and mortality. Furthermore, given that 2-h glucose after oral glucose
loads were available in this cohort we were able to exclude lesser degrees of glucose intolerance
making our findings applicable to those subjects with normoglycemia assessed by stringent
metabolic criteria.

In conclusion, these results suggest that HbA . does not significantly predict all-cause and
cardiovascular mortality in a cohort of non-diabetic older subjects. Further studies may be
important to determine whether dysglycemia is a modifiable risk factor for adverse cardiac
outcomes in the general population.

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2010 June 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 7

Acknowledgments

Drs Sarnak, Fried, Shlipak, Siscovick, and Newman are supported by R01 AG027002. The Cardiovascular Health
Study (CHS) is supported by contracts NO1-HC-85079 through N01-HC-85086, N01-HC-75150, NO1-HC-45133,
NO01-HC-35129, and N01-HC-15103 from the National Heart, Lung, and Blood Institute (NHLBI). A full list of
participating CHS investigators and institutions can be found at http://www.chs-nhlbi.org.

References

1. Coutinho M, Gerstein HC, Wang Y, Yusuf S. The relationship between glucose and incident
cardiovascular events. A metaregression analysis of published data from 20 studies of 95,783
individuals followed for 12.4 years. Diabetes Care 1999;22:233-240. [PubMed: 10333939]

2. Khaw KT, Wareham N, Bingham S, Luben R, Welch A, Day N. Association of hemoglobin Alc with
cardiovascular disease and mortality in adults: the European prospective investigation into cancer in
Norfolk. Ann Intern Med 2004;141:413-420. [PubMed: 15381514]

3. Misciagna G, De Michele G, Trevisan M. Non enzymatic glycated proteins in the blood and
cardiovascular disease. Curr Pharm Des 2007;13:3688-3695. [PubMed: 18220807]

4. Zieman SJ, Kass DA. Advanced glycation endproduct crosslinking in the cardiovascular system:
potential therapeutic target for cardiovascular disease. Drugs 2004;64:459-470. [PubMed: 14977384]

5. Koenig RJ, Peterson CM, Jones RL, Saudek C, Lehrman M, Cerami A. Correlation of glucose
regulation and hemoglobin Alc in diabetes mellitus. N Engl J Med 1976;295:417-420. [PubMed:
934240]

6. Tahara Y, Shima K. Kinetics of HbA1, glycated albumin, and fructosamine and analysis of their
weight functions against preceding plasma glucose level. Diabetes Care 1995;18:440-447. [PubMed:
7497851]

7. Marshall SM, Barth JH. Standardization of HbA1; measurements — a consensus statement. Diabet Med
2000;17:5-6. [PubMed: 10691152]

8. Gerstein HC, Pogue J, Mann JF, Lonn E, Dagenais GR, McQueen M, et al. The relationship between
dysglycaemia and cardiovascular and renal risk in diabetic and non-diabetic participants in the HOPE
study: a prospective epidemiological analysis. Diabetologia 2005;248:1749-1755. [PubMed:
16059716]

9. Levitan EB, Liu S, Stampfer MJ, Cook NR, Rexrode KM, Ridker PM, et al. HbA(1c) measured in
stored erythrocytes and mortality rate among middle-aged and older women. Diabetologia
2008;51:267-275. [PubMed: 18043905]

10. Pradhan AD, Rifai N, Buring JE, Ridker PM. Hemoglobin Alc predicts diabetes but not

cardiovascular disease in nondiabetic women. Am J Med 2007;120:720-727. [PubMed: 17679132]

11. Selvin E, Coresh J, Golden SH, Brancati FL, Folsom AR, Steffes MW. Glycemic control and coronary
heart disease risk in persons with and without diabetes: the atherosclerosis risk in communities study.
Arch Intern Med 2005;165:1910-1916. [PubMed: 16157837]

12. Blake GJ, Pradhan AD, Manson JE, Williams GR, Buring J, Ridker PM, et al. Hemoglobin Alc level
and future cardiovascular events among women. Arch Intern Med 2004;164:757-761. [PubMed:
15078645]

13. Selvin E, Coresh J, Shahar E, Zhang L, Steffes M, Sharrett AR. Glycaemia (haemoglobin Alc) and
incident ischaemic stroke: the Atherosclerosis Risk in Communities (ARIC) Study. Lancet Neurol
2005;4:821-826. [PubMed: 16297840]

14. Park S, Barrett-Connor E, Wingard DL, Shan J, Edelstein S. GHb is a better predictor of cardiovascular
disease than fasting or postchallenge plasma glucose in women without diabetes. The Rancho
Bernardo Study. Diabetes Care 1996;19:450-456. [PubMed: 8732708]

15. Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, Kronmal RA, et al. The Cardiovascular
Health Study: design and rationale. Ann Epidemiol 1991;1:263-276. [PubMed: 1669507]

16. Cushman M, Cornell ES, Howard PR, Bovill EG, Tracy RP. Laboratory methods and quality
assurance in the Cardiovascular Health Study. Clin Chem 1995;41:264-270. [PubMed: 7874780]

17. Ives DG, Fitzpatrick AL, Bild DE, Psaty BM, Kuller LH, Crowley PM, et al. Surveillance and
ascertainment of cardiovascular events. The Cardiovascular Health Study. Ann Epidemiol
1995;5:278-285. [PubMed: 8520709]

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2010 June 21.


http://www.chs-nhlbi.org

1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chonchol et al.

Page 8

18. Shlipak MG, Sarnak MJ, Katz R, Fried LF, Seliger SL, Newman AB, et al. Cystatin C and the risk
of death and cardiovascular events among elderly persons. N Engl J Med 2005;352:2049-2060.
[PubMed: 15901858]

19. Psaty BM, Lee M, Savage PJ, Rutan GH, German PS, Lyles M. Assessing the use of medications in
the elderly: methods and initial experience in the Cardiovascular Health Study. The Cardiovascular
Health Study Collaborative Research Group. J Clin Epidemiol 1992;45:683-692. [PubMed:
1607909]

20. Shlipak MG, Fried LF, Cushman M, Manolio TA, Peterson D, Stehman-Breen C, et al. Cardiovascular
mortality risk in chronic kidney disease: comparison of traditional and novel risk factors. JAMA
2005;293:1737-1745. [PubMed: 15827312]

21. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. National Kidney Foundation.
National Kidney Foundation practice guidelines for chronic kidney disease: evaluation,
classification, and stratification. Ann Intern Med 2003;139:137-147. [PubMed: 12859163]

22. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem 1972;18:499-502.
[PubMed: 4337382]

23. Macy EM, Hayes TE, Tracy RP. Variability in the measurement of C-reactive protein in healthy
subjects: implications for reference intervals and epidemiological applications. Clin Chem
1997;43:52-58. [PubMed: 8990222]

24. de Vegt F, Dekker JM, Ruhé HG, Stehouwer CD, Nijpels G, Bouter LM, et al. Hyperglycaemia is
associated with all-cause and cardiovascular mortality in the Hoorn population: the Hoorn Study.
Diabetologia 1999;42:926-931. [PubMed: 10491751]

25. Meigs JB, Nathan DM, D’Agostino Sr RB, Wilson PW. Framingham Offspring Study. Fasting and
postchallenge glycemia and cardiovascular disease risk: the Framingham Offspring Study. Diabetes
Care 2002;25:1845-1850. [PubMed: 12351489]

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2010 June 21.



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

1duosnue Joyiny vd-HIN

Chonchol et al. Page 9

Table 1

Characteristics of participants by tertiles of glycosylated hemoglobin.

Glycosylated hemoglobin (%0)

<5.6 5.61-6.20 >6.21 p-value
[5.00, 5.40] [5.80, 6.10] [6.50, 7.10] for trend
(n = 295) (n=253) (n = 262)
Characteristic
Age (years) 72 (5) 72 (5) 72 (5) 0.939
Gender (female, %) 167 (57) 151 (60) 162 (62) 0.209
Race (black, %) 12 (4) 15 (6) 24.(9) 0.014
Ever smoked (%) 155 (53) 133 (53) 136 (52) 0.885
Hypertension (%) 150 (51) 117 (46) 143 (55) 0.410
Chronic kidney 62 (21) 54 (21) 58 (22) 0.750
disease (%)
Metabolic syndrome (%) 100 (34) 81 (32) 103 (39) 0.205
Measurements
Waist circumference (cm) 90 (13) 90 (12) 92 (12) 0.027
Body mass 24.8 (4.5) 25.1(3.7) 26.1 (4.5) <0.001
index (kg/m?)
Glucose (mg/dL) 96 (9) [90, 103] 97 (8) [92, 102] 100 (9) [94, 106] <0.001
Impaired fasting 104 (35) 88 (35) 135 (52) <0.001
glucose (mg/dL) (%)
2-h glucose (mg/dL) 123 (30) [99, 142] 122 (32) [100, 145] 132 (35) [104, 158]  <0.001
Impaired glucose 69 (23) 73 (29) 103 (39) <0.001
tolerance by oral
glucose tolerance test (%)
Total cholesterol (mg/dL) 204 (35) 207 (35) 209 (39) 0.143
LDL-C (mg/dL) 124 (32) 127 (32) 129 (34) 0.060
HDL-C (mg/dL) 55 (16) 55 (16) 53 (15) 0.231
Triglycerides (mg/dL) 131 (60) 130 (65) 134 (58) 0.605
C-reactive protein (mg/L)* 2.21[1.10,3.68]  2.11[1.09, 4.07] 2.51[1.39, 4.77] 0.007
Medication use
Antihypertensive meds (%) 115 (39) 90 (36) 106 (41) 0.749
ACE-I (%) 17 (6) 6 (2) 14 (5) 0.762
B-Blockers (%) 35(12) 26 (10) 37 (14) 0.436
Calcium-channel blockers (%) 27 (9) 24(10) 22 (8) 0.764
Diuretics (%) 61 (21) 58 (23) 67 (26) 0.171

Data are presented as mean (SD) or N (%) or *median [interquartile range]. ACEI, angiotensin converting enzyme inhibitors; HDL-C, highdensity
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Hazard rates for all-cause mortality, cardiovascular events and death by glycosylated hemoglobin tertiles.

Glycosylated hemoglobin (%6)

<5.6

5.61-6.20

>6.21

All-cause mortality (n = 416)b
Unadjusted HR (95% ClI)
Adjusted HR (95% C1)@

CV mortality (n = 139)¢
Unadjusted HR (95% ClI)
Adjusted HR (95% C1)@
Myocardial infarction (n = 90)
Unadjusted HR (95% CI)
Adjusted HR (95% C1)@
Congestive heart failure (n = 155)

Unadjusted HR (95% CI)

Adjusted HR (95% CI)2
Stroke (111)
Unadjusted HR (95% CI)

Adjusted HR (95% CI)2

1.00 (ref)
1.00 (ref)

1.00(ref)
1.00(ref)

1.00 (ref)
1.00 (ref)

1.00 (ref)
1.00 (ref)

1.00 (ref)
1.00 (ref)

0.97 (0.76, 1.23)
0.97 (0.77, 1.24)

0.63 (0.40, 0.98)
0.66 (0.42, 1.04)

1.28 (0.76, 2.15)
1.36 (0.81, 2.30)

117 (0.79, 1.72)
1.15(0.78, 1.71)

0.87 (0.54, 1.38)
0.87 (0.54, 1.39)

1.09 (0.86, 1.38)
1.16 (0.91, 1.47)

1.22 (0.84, 1.78)
1.31(0.90, 1.93)

1.42 (0.85, 2.36)
1.55 (0.93, 2.61)

1.27 (0.87, 1.87)
1.29 (0.88 1.91)

1.06 (0.68, 1.66)
1.08 (0.69, 1.70)

aAdjusted for age, gender, race, smoking, body mass index, hypertension, chronic kidney disease and low-density lipoprotein cholesterol.

Abbreviations: see Table 3.
bp-value for quadratic trend: 0.69.

cp-value for quadratic trend: 0.50.
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