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OBJECTIVE—We assessed the relation of diabetes and insulin resistance (IR) on left ventric-
ular (LV) structure and function in African Americans.

RESEARCH DESIGN AND METHODS—Among those receiving echocardiograms in
cycle 1 of the Jackson Heart Study, we assessed the sex-specific relation of fasting blood glucose
(FBG), diabetes, and IR to LV structure and function, adjusting for age, systolic blood pressure,
antihypertensive medications, and BMI.

RESULTS—Among 2,399 participants, LV mass index (Pwomen = 0.0002 and Pmen = 0.02),
posterior wall thickness (Pwomen = 0.01 and Pmen = 0.05), and interventricular septal wall thick-
ness (Pwomen = 0.01) were related to FBG categories. Among those with normal FBG and no
diabetes, concentric remodeling and low ejection fraction in women and LV mass index and
posterior wall thickness in men were related to IR.

CONCLUSIONS—In the largest study of its kind in a community-based cohort of African
Americans, we found a relation of FBG category and IR to LV structure and function.
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A frican Americans (AAs) have an in-
creased burden of cardiovascular
disease (CVD) and a higher rate

of CVD-related deaths relative to non-
Hispanic whites, and the course of future
CVD death rates remains uncertain
partly due to simultaneous increases in
diabetes (1). Diabetes may be linked to
left ventricular hypertrophy (LVH) and
associated adverse cardiovascular out-
comes. In the current study, we investi-
gated the relation of fasting blood glucose

(FBG) category (normal versus im-
paired versus diabetes) and insulin resis-
tance (IR) to LV structure and function
in AA.

RESEARCH DESIGN AND
METHODS—This study was approved
by the Institutional Review Board of
Jackson State University, Tougaloo Col-
lege, and the University of Mississippi
Medical Center. Participants gave written
informed consent.

Study population
The Jackson Heart Study is a longitudinal
community-based cohort study initiated
in 2000 focused on understanding CVD
distribution and determinants in AA (2).
Participants were 18–84 years old and liv-
ing in the Jackson, Mississippi tricounty
area (3).

Clinical covariates
Diabetes was defined as a FBG $ 126
mg/dL or a random glucose$ 200 mg/dL,
history of physician diagnosis of diabetes,
or use of insulin or an oral hypoglycemic
agent (4). Impaired FBG was defined in
those who did not have a diagnosis of di-
abetes but who did have a FBG of 110 to
125 mg/dL. IR was calculated using the
formula for homeostasis model assessment
(HOMA-IR) (5).

Echocardiography
Echocardiograms were performed using a
Sonos 4500 (Hewlett Packard) ultrasound
machine. Final measurements were per-
formed offline by one cardiologist reader
who has level 3 training in echocardiogra-
phy (T.S.). Cardiac dimensions were mea-
sured according to the American Society
of Echocardiography (ASE) guidelines. Rel-
ative wall thickness (RWT) was defined as
the ratio of the sum of the posterior wall
thickness (PWT) and interventricular sep-
tal wall thickness (IVST) to the left ventric-
ular internal diastolic dimension (LVIDD).
LVMwas calculated from the ASE corrected
formula (6).

To correct for body size, LVM index
(LVMI) was calculated as LVM (g) divided
by height2.7 (g/ht2.7) (7). For function pa-
rameters, fractional shortening (FS)was cal-
culated as: FS ¼ LVIDD2 LVISD=LVIDD.
LV ejection fraction was measured semi-
quantitatively. LV diastolic function param-
eters were measured using spectral Doppler
of mitral inflow velocities and pulmonary
vein flow patterns.

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

From the 1University of Mississippi School of Medicine, Jackson, Mississippi; the 2Jackson State University,
Jackson, Mississippi; the 3Rush University Medical Center, Chicago, Illinois; and the 4University of
Alabama in Birmingham, Birmingham, Alabama.

Corresponding author: Ervin R. Fox, efox@umc.edu.
Received 1 June 2010 and accepted 26 October 2010.
DOI: 10.2337/dc10-0838
© 2011 by the American Diabetes Association. Readers may use this article as long as the work is properly

cited, the use is educational and not for profit, and thework is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

care.diabetesjournals.org DIABETES CARE, VOLUME 34, FEBRUARY 2011 507

C a r d i o v a s c u l a r a n d M e t a b o l i c R i s k
B R I E F R E P O R T



Statistical analysis
All analyses were sex-specific. General
linear models were used to assess associ-
ations with continuous LV structure and
function outcome variables, and multiple
logistic regression models were used for
dichotomous outcome variables. We as-
sessed the relation of these outcomes with
predictor variables (FBG category [nor-
mal versus impaired versus diabetes] and
IR) and clinical covariates (age, systolic
blood pressure [BP], mild or greater aortic
regurgitation, moderate or greater mitral
regurgitation, antihypertensive medication,
heart rate, and BMI). Two models were
developed for continuous and dichoto-
mous outcome variables, where covari-
ates were adjusted for model 1 excluding
BMI, and adjusted for model 2 including
BMI. The inclusion of BMI inmodel 2 was
to assess the attenuating effect of BMI.

RESULTS—The analytic study sample
comprised 2,399 participants (63%
women) who were a mean age of 52 6
13 years; of these, 74.2% of women and
73.7% of men were in the normal FBG
category, 11.8% and 16.1% had impaired
FBG, and 14.0% and 10.1% had diabetes,
respectively. HOMA-IR scores (median,
interquartile [IQR] range) for women
and men were 3.36 (IQR, 2.30–5.10)
and 2.94 (IQR, 2.11–4.47), respectively.

Across FBG categories, women had
higher BMI and lower diastolic BP than
men (Table 1).

For women, LVMI, IVST, PWT, RWT,
left atrial diameter (LAD), and concentric
remodeling (CR) were all significantly
greater (in value or prevalence in the case
of CR) in higher FBG categories. For men,
LVMI, IVST, PWT, LVIDD, LAD, and CR
were all significantly greater in the higher
FBG categories. Placing BMI in the ad-
justment attenuated the apparent effect;
however, the association remained sig-
nificant for higher LVMI (P = 0.0002),
IVST (P = 0.01), PWT (P = 0.01), for lower
prevalence of normal geometry (P = 0.02)
and higher prevalence of CR (P = 0.05) in
women, and for higher LVMI (P = 0.02),
PWT (P = 0.05), and LAD (P = 0.04) in
men. No evidence of an association was
foundbetweenmeasures of LV systolic dys-
function or diastolic functionwith FBG cat-
egories in women or men (P . 0.05).

In women in the normal FBG cate-
gory, IR was marginally related to higher
RWT (P = 0.05) and significantly related
to a higher percentage of participants with
CR (P = 0.02) and lower LV ejection frac-
tion (P = 0.02). In women with impaired
FBG or diabetes, IVST (P = 0.02), PWT
(P = 0.04), and RWT (P = 0.04) were sig-
nificantly greater with higher quartiles of
HOMA-IR score. In men in the normal

FBG category, lower LVMI (P = 0.03)
and PWT (P = 0.01) were related to higher
HOMA-IR scores. Men with impaired
FBG or diabetes had lower LAD (P =
0.02) with higher HOMA-IR scores.

Although systolic BP was associated
with metabolic status, the relation be-
tween LV structure and metabolic status
was not attenuated by controlling for
systolic BP.

CONCLUSIONS—Our findings ex-
pand current literature on the effects of
glucose control and IR on the heart to in-
clude a community-based cohort of AA.
Investigators in the Framingham Heart
Study showed that diabetes and glucose
tolerance (GT) were independent con-
tributors to LVM and LV wall thickness in
non-Hispanic white women (8). Some
studies suggest that GT based on GT test-
ing, which was studied in Framingham,
appears to have a slightly greater risk for
CVD compared with impaired FBG that
was studied in our investigation (9).

Similar to the men in our study,
Hypertension Genetic Epidemiology Net-
work (HyperGEN) investigators found a
weak relation between IR and LV mea-
sures of structure, suggesting a limited
role of plasma insulin level on LV re-
modeling (10). However, different from
HyperGEN, we also found a significant,

Table 1—Sex-specific metabolic characteristics in women and men by fasting blood glucose category

Variables

Normal fasting glucose Impaired fasting glucose Known diabetes

Women
(n = 1,131)

Men
(n = 644) P

Women
(n = 180)

Men
(n = 141) P

Women
(n = 214)

Men
(n = 89) P

Age (years) 50 6 12 49 6 13 0.002 59 6 10 56 6 12 0.01 58 6 10 57 6 12 0.33
BMI (kg/m2) 31.7 6 7.3 28.5 6 5.2 ,0.0001 34.2 6 6.2 30.5 6 5.0 ,0.0001 35.5 6 7.3 32.0 6 5.4 ,0.0001
Waist circumference, in 37.8 6 6.2 38.1 6 5.2 0.34 41.2 6 6.1 41.0 6 4.7 0.50 42.6 6 6.1 42.3 6 5.0 0.64
Systolic blood pressure,
mmHg 123 6 18 124 6 16 0.14 129 6 17 130 6 18 0.66 130 6 17 133 6 18 0.13

Diastolic blood pressure,
mmHg 78 6 10 81 6 10 ,0.0001 78 6 10 82 6 11 0.0002 77 6 9 81 6 10 0.0001

Heart rate, bpm 68 6 9 65 6 9 ,0.0001 68 6 9 68 6 12 0.85 71 6 10 70 6 9 0.33
Hypertension, % 48.8 43.3 0.06 76.1 67.4 0.08 87.4 8.0 0.22
Total cholesterol/
high-density lipids 3.7 6 1.0 4.5 6 1.4 ,0.0001 4.0 6 1.1 4.7 6 1.5 ,0.0001 3.8 6 1.1 4.8 6 1.8 ,0.0001

Fasting triglycerides,
mg/dL 90 6 51 106 6 101 0.0002 111 6 63 123 6 82 0.15 126 6 96 139 6 130 0.37

Mitral regurgitation, % 2.4 1.6 0.12 1.11 1.42 0.25 1.87 0.00 0.11
Fasting glucose, mg/dL 87 6 6 88 6 6 ,0.0001 107 6 6 107 6 7 0.74 146 6 60 149 6 54 0.71
Fasting insulin,
IU p50 (25,75p)* 15 (10,18) 13 (9,16) ,0.0001 22 (15,27) 18 (12,22) 0.01 28 (16,32) 38 (13,25) 0.04

HOMA-IR,
IU p50 (25,75p)* 2.8 (2.1,4.0) 2.6 (1.9,3.5) ,0.0001 5.2 (3.9,7.2) 4.3 (3.2,5.8) 0.003 7.4 (4.7,12.4) 6.3 (4.3,9.5) 0.27

Data are shown as mean 6 SD, unless indicated otherwise. P values = comparison by t tests, median test (for insulin and HOMAIR-IR) or x2 tests. HOMA-IR,
homeostasis model for the assessment insulin resistance. *25,75p = 25th and 75th percentile.
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more consistent relation between IR and
LV structure and function inwomen in the
normal FBG category and also in those
with diabetes, suggesting a potential sex
difference in cardiac response to IR.

LVM and geometry may relate to di-
abetes and IR by their association with
elevated systolic BP (11) caused by arterial
stiffening. By enhancing LV pulsatile
work, increases in end-systolic stress and
myocardial oxygen demands through in-
creased pressure may promote cardiac re-
modeling (12). IR and the accompanying
compensatory hyperinsulinemia may re-
sult in trophic effects onmyocardial tissue;
this has been demonstrated in both cell
cultures and animal models (13). In addi-
tion, LVH may result from sodium reten-
tion induced by hyperinsulinemia (12)
associated with obesity in participants
with impaired FBG and diabetes. Finally,
rapid alterations in fatty acid and glucose
metabolites within the cardiomyocyte may
influence cardiac function (14). Prolonged
exposure to hyperglycemia or hyperlip-
idemia, or both, may lead to lipotoxicity
and the development of contractile dys-
function.

Recent statistics on the racial disparity
of diabetes mortality in the United States
makes clear the need to increase aware-
ness, prevention, and treatment for mi-
norities in particular. Our investigation
supports that obesity, diabetes, and IR
each influence cardiac structure in AA
men and women and cardiac function in a
subset of women with IR and normal
FBG. Knowing the potential effects on
cardiac remodeling and mortality, find-
ings from this study underscore the need
formore aggressivemanagement ofweight,
diabetes, and hyperinsulinemia in this
group.

Acknowledgments—The JacksonHeart Study
(JHS) is a collaborative study supported by

the National Institutes of Health and the Na-
tional Center on Minority Health and Health
Disparities (study ID numbers: 5001; N01
HC-95170; N01 HC-95171; N01 HC-95172)
in partnership with three local institu-
tions (University of Mississippi Medical Cen-
ter, Jackson State University, and Tougaloo
College).
No potential conflicts of interest relevant to

this article were reported.
E.R.F., J.C.C., and H.S.N. performed back-

ground search, designed the study, reviewed the
analytical results, and wrote the introduction
and discussion sections. D.F.S. and G.H. per-
formed statistical analysis. T.E.S. and P.R.L.
contributed expertise in echocardiography and
cardiovascular disease and helped write the
manuscript. H.A.T., M.S., and R.G. performed
critical review of the manuscript.
This work was presented in poster form

at the 50th American Heart Association
Epidemiology and Prevention Meeting in San
Francisco, 1–6 March, 2010.
The authors thank the staff and participants

in the Jackson Heart Study for important
contributions.

References
1. Ford ES, Ajani UA, Croft JB, et al. Ex-

plaining the decrease in U.S. deaths from
coronary disease, 1980–2000. N Engl J
Med 2007;356:2388–2398

2. Taylor HA Jr. The Jackson Heart Study: an
overview. Ethn Dis 2005;15(4 Suppl. 6):
S6-1–3

3. Fuqua SR, Wyatt SB, Andrew ME, et al.
Recruiting African-American research par-
ticipation in the Jackson Heart Study:
methods, response rates, and sample de-
scription. Ethn Dis 2005;15(Suppl. 6):
S6–S18, 29

4. Harris MI, Eastman RC, Cowie CC, Flegal
KM, Eberhardt MS. Comparison of di-
abetes diagnostic categories in the U.S.
population according to the 1997 Ameri-
can Diabetes Association and 1980–1985
World Health Organization diagnostic
criteria. Diabetes Care 1997;20:1859–1862

5. Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Turner RC.

Homeostasis model assessment: insulin
resistance and beta-cell function from
fasting plasma glucose and insulin con-
centrations inman. Diabetologia 1985;28:
412–419

6. Devereux RB, Alonso DR, Lutas EM, et al.
Echocardiographic assessment of left ven-
tricular hypertrophy: comparison to nec-
ropsy findings. Am J Cardiol 1986;57:
450–458

7. de Simone G, Daniels SR, Devereux RB,
et al. Left ventricular mass and body size
in normotensive children and adults: as-
sessment of allometric relations and im-
pact of overweight. J Am Coll Cardiol
1992;20:1251–1260

8. Galderisi M, Anderson KM, Wilson PW,
Levy D. Echocardiographic evidence for
the existence of a distinct diabetic car-
diomyopathy (the Framingham Heart
Study). Am J Cardiol 1991;68:85–89

9. Unwin N, Shaw J, Zimmet P, Alberti KG.
Impaired glucose tolerance and impaired
fasting glycaemia: the current status on
definition and intervention. Diabet Med
2002;19:708–723

10. Devereux RB, de Simone G, Palmieri V,
et al. Relation of insulin to left ventricular
geometry and function in African Ameri-
can and white hypertensive adults: the
HyperGEN study. Am J Hypertens 2002;
15:1029–1035

11. Chinali M, Devereux RB, Howard BV,
et al. Comparison of cardiac structure and
function in American Indians with and
without themetabolic syndrome (the Strong
Heart Study). Am J Cardiol 2004;93:40–44

12. Schmieder RE. The role of non-
haemodynamic factors of the genesis of
LVH. Nephrol Dial Transplant 2005;20:
2610–2612

13. Straus DS. Growth-stimulatory actions of
insulin in vitro and in vivo. Endocr Rev
1984;5:356–369

14. Young ME, McNulty P, Taegtmeyer H.
Adaptation andmaladaptation of the heart
in diabetes: Part II: potential mechanisms.
Circulation 2002;105:1861–1870

care.diabetesjournals.org DIABETES CARE, VOLUME 34, FEBRUARY 2011 509

Fox and Associates


