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OBJECTIVE — The homeostasis model assessment (HOMA), based on plasma levels of fast-
ing glucose and insulin, has been widely validated and applied for quantifying insulin resistance
and B-cell function. However, prospective data regarding its relation to diabetes risk in ethnically
diverse populations are limited.

RESEARCH DESIGN AND METHODS — Among 82,069 women who were aged
50-79 years, free of cardiovascular disease or diabetes, and participating in the Women’s Health
Initiative Observational Study, we conducted a nested case-control study to prospectively ex-
amine the relations of HOMA of insulin resistance (HOMA-IR) and B-cell function (HOMA-B)
with diabetes risk. During a median follow-up period of 5.9 years, 1,584 diabetic patients were
matched with 2,198 control subjects by age, ethnicity, clinical center, time of blood draw, and
follow-up time.

RESULTS — Bascline levels of fasting glucose, insulin, and HOMA-IR were each significantly
higher among case compared with control subjects, while HOMA-B was lower (all P val-
ues <0.0001). After adjustment for matching factors and diabetes risk factors, all four markers
were significantly associated with diabetes risk; the estimated relative risks per SD increment
were 3.54 (95% CI 3.02—4.13) for fasting glucose, 2.25 (1.99-2.54) for fasting insulin, 3.40
(2.95-3.92) for HOMA-IR, and 0.57(0.51-0.63) for HOMA-B. While no statistically significant
multiplicative interactions were observed between these markers and ethnicity, the associations
of both HOMA-IR and HOMA-B with diabetes risk remained significant and robust in each
ethnic group, including whites, blacks, Hispanics, and Asians/Pacific Islanders. When evaluated
jointly, the relations of HOMA-IR and HOMA-B with diabetes risk appeared to be independent
and additive. HOMA-IR was more strongly associated with an increased risk than were other
markers after we excluded those with fasting glucose =126 mg/dl at baseline.
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CONCLUSIONS — High HOMA-IR and
low HOMA-B were independently and consis-
tently associated with an increased diabetes
risk in a multiethnic cohort of U.S. postmeno-
pausal women. These data suggest the value of
HOMA indexes for diabetes risk in epidemio-
logic studies.

Diabetes Care 30:1747-1752, 2007

nsulin resistance and progressive pan-
creatic B-cell dysfunction have been
identified as the two fundamental fea-
tures in the pathogenesis of type 2 diabe-
tes. As a widely validated clinical and
epidemiological tool for estimating insu-
lin resistance and B-cell function, the ho-
meostasis model assessment (HOMA) is
derived from a mathematical assessment
of the balance between hepatic glucose
output and insulin secretion from fasting
levels of glucose and insulin (1,2). The
HOMA model requires only a single mea-
surement of insulin and glucose in the
basal state and is thus considered an alter-
native in large-scale epidemiologic stud-
ies to the sophisticated “gold standard”
methods that usually require dynamic
data via costly and invasive procedures.
The HOMA of insulin resistance (HOMA-
IR) index, the product of basal glucose
and insulin levels divided by 22.5 (1,2), is
regarded as a simple, inexpensive, and re-
liable surrogate measure of insulin resis-
tance, while the HOMA of 3-cell function
(HOMA-B) index, computed as the prod-
uct of 20 and basal insulin levels divided
by the value of basal glucose concentra-
tions minus 3.5, has been proposed to be
a good measure of B-cell function (2).
Previous cross-sectional studies have
shown that both high HOMA-IR and low
HOMA-B were associated with increased
prevalences of impaired glucose tolerance
(IGT) and type 2 diabetes in Japanese (3),
Mexican-American (4), and non-
Hispanic (4) white subjects. Several pro-
spective studies have shown the role of
either HOMA-IR or HOMA-B or both in
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Table 1—Baseline characteristics of diabetic case and control subjects*®

Case Control
Characteristic subjects subjects P
n 1,584 2,198 —
Age (years) 62.7* 7.0 62.3 £7.0 —
BMI (kgmz) 323%£70 276 £59 <0.0001
Waist circumference (inches) 382 6.0 32.8+50 <0.0001
Waist-to-hip ratio 0.86 = 0.08 0.80 £ 0.07 <0.0001
Ethnicity
White 968 (61.1) 968 (44.0) —
Black 366 (23.1) 732 (33.3) —
Hispanic 152 (9.60) 303 (13.8) —
Asian/Pacific Islanders 98 (6.21) 195 (8.85) —
Family history of diabetes 849 (57.5) 772 (37.9) <0.0001
Current hormone therapy 34.2 43.7 <0.0001
Smoking status 0.02
Never 50.3 55.8 —
Past 42.0 374 —
Current 7.74 6.82 —
Alcohol use <0.0001
Nondrinker 17.3 16.1 —
Past drinker 27.2 215 —
<1 drink/month 15.9 13.1 —
=1 drink/month to <1 drink/week 20.7 20.3 —
=1 drink/week 18.9 289 —
Physical activity (MET - h™!-week™ ) 084 £ 124 12.8 £ 14.4 <0.0001
Biomarkers
Fasting insulin (wIU/ml) 12.6 (8.14-18.6) 6.40 (4.40-9.61) <0.0001
Fasting glucose (mmol/ml) 6.78 (5.89-8.17) 5.11 (4.83-5.44) <0.0001
HOMA-IR 4.03 (2.48-6.28) 1.44 (0.97-2.27) <0.0001
HOMA-B 75.1 (44.6-118) 81.7 (56.1-120) <0.0001

Data are means * SD, n (%), percentages, or median (interquartile range) unless otherwise indicated.
Medians and interquartile ranges are provided for continuous variables with skewed distributions. *Case and
control subjects were matched on age, race/ethnicity, clinical center, time of blood draw, and duration of
follow-up. TP values for the difference between patients and control subjects were determined by mixed-
effects regression for continuous variables and by a matched x? test for variables expressed as percentages.

predicting future risk of type 2 diabetes
and/or IGT in diverse populations (5-10).
However, whether the relation between
HOMA indexes and risk of type 2 diabetes
differs by ethnicity is unknown. Further-
more, the comparative importance of
HOMA-IR and HOMA-B in relation to
risk of type 2 diabetes has been less well
studied. In addition, most studies have
included both men and women (5-10)
and lacked statistical power to detect
meaningful results for women.

We therefore prospectively examined
whether HOMA-IR and HOMA-B were
consistently associated with diabetes risk
among apparently healthy American
women aged over 50 years from the
Women’s Health Initiative Observational
Study (WHI-OS), an ethnically diverse
cohort of postmenopausal women in-
cluding whites, blacks, Hispanics, and
Asian/Pacific Islanders.

RESEARCH DESIGN AND

METHODS — The WHI-OS is an on-
going longitudinal study designed to ex-
amine the association between clinical,
socioeconomic, behavioral, and dietary
risk factors and subsequent incidence of
health outcomes, including cardiovascu-
lar disease and diabetes. Details of the sci-
entific rationale, eligibility, and other
design aspects have been published else-
where (11). Between September 1994
and December 1998, the WHI-OS en-
rolled a total of 93,676 women aged 50—
79 years at 40 clinical centers throughout
the U.S. At baseline, women completed
screening and enrollment questionnaires,
underwent a physical examination, and
provided fasting blood samples (after an
overnight fast for at least 12 h). WHI-OS
participants were followed by annually
mailed, self-administered questionnaires

and an additional clinical center visit at 3
years after enrollment.

The study has been reviewed and ap-
proved by human subjects review com-
mittees at each participating institution,
and signed informed consent was ob-
tained from all women enrolled.

Ascertainment of case and control
subjects

Among 82,069 (87.6%) postmenopausal
women free of cardiovascular disease and
diabetes at baseline, 1,584 women who
had self-reported first-time use of hypo-
glycemic medication (oral agents or insu-
lin) during a median follow-up of 5.9
years (mean 5.5 years) were chosen as in-
cident case subjects and matched with
2,198 control subjects on age (*+2.5
years), ethnicity (White/Caucasian,
Black/African, Hispanic/Latino, and
Asian/Pacific Islander), clinical center,
time of blood draw (=0.10 h), and length
of follow-up. Of these, 968 case subjects
among whites were matched with one
control subject each, and 366, 152, and
98 case subjects among ethnic minority
women were matched with two control
subjects each for Black, Hispanic, and
Asian/Pacific Islanders, respectively. The
1:2 matching ratio was used for minorities
to strengthen the power in these smaller
sample sizes of cases. Our study did not
include American Indian or native Alas-
kan women because of their limited sam-
ple size.

Biochemical measurement

All biochemical assays were carried out by
laboratory staff blinded to case/control
status. Blood samples from case and their
matched control subjects were handled
identically, shipped in the same batch,
thawed, and assayed in random order in
the same analytical run to reduce system-
atic bias and interassay variation. Glucose
was measured enzymatically on the Hita-
chi 911 analyzer using Roche Diagnostics
regents (Indianapolis, IN). Insulin was
measured by an ultrasensitive enzyme-
linked immunosorbent assay from
ALPCO Diagnostics (Windham, NH).
The coefficients of variation were 1.7%
for glucose and 5.8% for insulin.

Statistical analysis

HOMA-IR was computed as follows: fast-
ing insulin (pIU/ml) X fasting glucose
(mmol/ml)/22.5. HOMA-B was calcu-
lated using the following formula: 20 X

1748

DiaBETES CARE, VOLUME 30, NUMBER 7, JuLy 2007



Table 2—RRs of diabetes according to per SD increment of HOMA-based markers

Song and Associates

RR (95% CD*

Total women

White women

Black women

Asian/Pacific

Hispanic women Islander women

Entirety of case-control samples
Adjusted for matching factorst
Fasting glucose
Fasting insulin
HOMA-IR
HOMA-B
Multivariable model 1%
Fasting glucose
Fasting insulin
HOMA-IR
HOMA-B
Multivariable model 2§
Fasting glucose
Fasting insulin
HOMA-IR
HOMA-B
After fasting glucose—based exclusionq
Adjusted for matching factorst
Fasting glucose
Fasting insulin
HOMA-IR
HOMA-B
Multivariable model 1%
Fasting glucose
Fasting insulin
HOMA-IR
HOMA-B
Multivariable model 2§
Fasting glucose
Fasting insulin
HOMA-IR
HOMA-B

3.65 (3.22-4.14)
2.72 (2.48-2.99)
3.57 (3.20-3.98)
0.82 (0.77-0.87)

3.54 (3.02-4.13)
2.25(1.99-2.54)
3.40 (2.95-3.92)
0.57 (0.51-0.63)

3.37 (2.88-3.95)
1.90 (1.67-2.17)
3.05 (2.63-3.53)
0.52 (0.46-0.58)

3.73 (3.21-4.35)
2.28 (2.04-2.56)
2.62 (2.32-2.96)
1.25(1.14-1.38)

3.54 (2.92-4.30)
1.88(1.61-2.19)
2.30(1.95-2.71)
0.88 (0.77-1.01)

3.33 (2.74-4.06)
1.62 (1.38-1.91)
2.03(1.71-2.41)
0.77 (0.66-0.89)

4.12 (3.33-5.09)
3.36 (2.89-3.91)
4.52 (3.75-5.45)
0.89 (0.82-0.96)

3.94 (3.03-5.13)
2.57 (2.11-3.12)
4.24 (3.33-5.39)
0.54 (0.47-0.63)

3.76 (2.88-4.92)
2.10 (1.70-2.58)
3.79 (2.94-4.88)
0.50 (0.42-0.59)

4.14 (3.23-5.32)
2.78 (2.31-3.35)
3.18 (2.59-3.89)
1.51 (1.31-1.74)

3.75(2.75-5.12)
2.16 (1.68-2.78)
2.75(2.10-3.61)
0.90 (0.74-1.11)

3.53 (2.58-4.85)
1.88 (1.44-2.46)
2.46 (1.84-3.28)
0.81 (0.65-1.02)

3.01 (2.49-3.62)
2.17 (1.86-2.53)
2.83 (2.39-3.36)
0.69 (0.61-0.78)

3.18 (2.45-4.14)
1.93 (1.56-2.40)
2.78 (2.20-3.52)
0.53 (0.43-0.64)

3.10 (2.37-4.04)
1.72 (1.37-2.16)
2.59 (2.03-3.30)
0.48 (0.39-0.60)

3.08 (2.43-3.90)
1.74 (1.45-2.09)
2.00 (1.65-2.42)
0.96 (0.81-1.13)

3.35(2.34-4.79)
1.53(1.16-2.02)
1.87 (1.40-2.50)
0.71 (0.55-0.92)

3.24 (2.24-4.70)
1.34 (1.00-1.81)
1.68 (1.24-2.27)
0.62 (0.47-0.83)

3.37 (2.44-4.64) 6.26 (3.40-11.5)
2.31(1.82-2.93) 2.67 (1.94-3.68)
3.17 (2.39-4.19) 3.52 (2.41-5.14)
0.73 (0.61-0.88) 1.00 (0.79-1.26)

3.62 (2.27-5.76) 17.5(2.74-112)
1.79 (1.29-2.48) 3.04 (1.82-5.08)
2.85(1.95-4.15) 4.68 (2.53-8.66)
0.54 (0.40-0.72) 0.69 (0.48-1.00)

3.40 (2.14-5.40) 24.2 (1.57-373)
1.58 (1.12-2.22) 2.68 (1.52-4.73)
2.66 (1.80-3.91) 4.18 (2.18-8.04)
0.49 (0.35-0.68) 0.59 (0.37-0.93)

3.53(2.42-5.16) 6.05 (3.11-11.8)
2.16 (1.59-2.94) 2.70 (1.74-4.19)
2.53(1.82-3.52) 3.37 (2.05-5.55)
1.14 (0.88-1.48) 1.36 (0.97-1.91)

3.80 (2.21-6.55) 15.8 (2.48-100.5)
1.62 (1.09-2.40) 3.02 (1.52-5.99)
1.96 (1.29-2.98) 3.94 (1.78-8.68)
0.80 (0.56-1.15) 1.30 (0.78-2.16)

3.55(2.05-6.15) 145 (0.19-111,426)#

1.38 (0.90-2.11) 4.95 (1.46-16.7)
1.73(1.11-2.71) 10.0 (1.50-66.8)
0.68 (0.46-1.01) 1.25 (0.61-2.56)

Data are RRs (95% Cls). *RRs for predictors as continuous variables were RR per 1 SD for log-transformed values; each SD was equivalent to each increase of 1.11
mmol/l in fasting glucose, 1.84 ulU/ml in fasting insulin, 1.93 in HOMA-IR, and 1.79 in HOMA-%B. tMatching factors included age, race/ethnicity, clinical center,
and time of blood draw. ¥Model 1 was adjusted for matching factors, BMI, alcohol intake, level of physical activity, cigarette smoking status, the use or nonuse of
postmenopausal hormone therapy, and family history of diabetes. §Model 2 made additional adjustment for waist-to-hip ratio in model 1. JAfter excluding women
who had a single measure of fasting glucose =126 mg/dl at baseline. #Due to very low statistical power, this RR estimate and its variability became unusually large.

fasting insulin (uIU/ml)/fasting glucose
(mmol/ml) — 3.5. Basal fasting glucose,
insulin, and two derived HOMA indexes
were not normally distributed and were
thus logarithmically transformed. Age-
and ethnicity-adjusted Pearson’s partial
correlation coefficients were calculated to
evaluate associations between these
markers among control subjects. We per-
formed a conditional logistic regression
model to estimate the odds ratio (OR) per
each SD increment in each of markers (in
log scale) because there was a significant
linear relationship with diabetes risk for
each of them. Since risk-set sampling was
used for our matched case-control pairs,
the ORs yield unbiased estimates of the
relative risks (RRs). In the matched anal-

yses, we adjusted for matching factors
such as age, ethnicity, clinical center, and
time of blood draw. In multivariate anal-
yses, we adjusted for BMI (modeled as a
continuously distributed covariate), fam-
ily history of diabetes (yes or no), smok-
ing (never, past, or current), alcohol
intake (never, past, or current), physical
activity (quintiles), and current post-
menopausal hormone use (yes or no). A
likelihood ratio test was used to test sta-
tistical significance of interactions by
ethnicity.

We also conducted subgroup analy-
ses to examine potential interactions by
levels of prespecified factors including
BMI (<25 and =25 kg/m?), waist (<35
and =35 inches), hormone use (yes/no),

physical activity (less than and more than/
equal to the median), and family history
of diabetes (yes/no). A likelihood ratio test
was performed to test significances.

To evaluate the joint relationship be-
tween HOMA-IR and HOMA-B, we di-
vided the study population into four
groups according to their median cut
points in control subjects (HOMA-IR
<1.44 and =1.44; HOMA-B <81.7 and
=81.7) and estimated each subgroup-
specific OR.

To address the concern about undiag-
nosed diabetes at baseline, we conducted
secondary analyses by excluding case and
control subjects with a fasting glucose
=126 mg/dl at baseline. We further ex-
cluded incident case subjects diagnosed
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during the 1st year of follow-up who were
more likely to have undiagnosed diabetes
at baseline.

All analyses were performed with the
use of SAS software (version 9.1; SAS In-
stitute, Cary, NC). All P values were two
tailed.

16
0.12

P for
interaction¥
0.06
0.40
0.36

0.

HOMA-B

RESULTS — Overall, diabetes case
subjects had a higher prevalence of tradi-
tional diabetes risk factors at baseline than
control subjects (Table 1). As expected,
women with diabetes had significantly
higher levels of baseline fasting insulin,
glucose, and HOMA-IR and lower
HOMA-B than their matched control sub-
jects (all P values < 0.0001).

Fasting insulin levels were almost
completely correlated with HOMA-IR
(r = 0.99) and highly correlated with
HOMA-B (r = —0.84). Fasting glucose
was strongly associated with HOMA-IR
(r = 0.51) and modestly associated with
HOMA-B (r = —0.17). The two HOMA
indexes were also correlated with each
other (r = —0.76). HOMA-IR was more
strongly correlated with BMI and waist-
to-hip ratio than was HOMA-B.

After adjustment for matching fac-
tors, increasing levels of fasting glucose,
insulin, and HOMA-IR were significantly
associated with an increased risk of dia-
betes, while HOMA-B was significantly
associated with a lower risk of diabetes
(Table 2). Further adjustment for BMI, al-
cohol intake, physical activity, smoking,
postmenopausal hormone use, and family
history of diabetes attenuated the positive
associations of fasting glucose, insulin,
and HOMA-IR but strengthened the in-
verse association of HOMA-B (model 1).
When waist-to-hip ratio was further ad-
justed, similar changes were observed
(model 2).

In the same multivariable models
stratified by ethnicity (Table 2), fasting
glucose, insulin, and HOMA-IR appeared
to be strongly associated with diabetes
risk in each of four ethnic groups, while
HOMA-B retained significant associations
with diabetes in whites, blacks, and His-
panics in all models but not in Asian/
Pacific Islanders because of small sample
size. The RR estimates for fasting glucose
also tended to be unstable, with a wide
95% CI in Asian/Pacific Islanders. How-
ever, the ethnic differences in these associ-
ations did not reach statistical significance
when tested for a formal interaction.

After we excluded 736 case and 26
control subjects with a fasting glucose
=126 mg/dl at baseline (Table 2), fasting

RR (95% CD*
0.24 (0.12-0.50)
0.56 (0.50-0.64)
0.45 (0.36-0.56)
0.53 (0.43-0.65)
0.53 (0.44-0.64)
0.52 (0.42-0.64)
0.61 (0.48-0.78)
0.54 (0.47-0.63)
0.44 (0.36-0.55)
0.58 (0.49-0.70)

P for
interaction§
0.03
0.28

87
0.96
0.29

HOMA-IR

RR (95% CD*
2.61 (1.46-4.66)
3.66 (3.02-4.44)
3.04 (2.33-3.97)
4.26 (3.05-5.96)
3.12 (2.44-3.97)
2.92 (2.20-3.88)
2.98 (2.14-4.15)
3.20 (2.60-3.93)
3.10 (2.39-4.03)
3.02 (2.35-3.90)

P for
interaction¥
0.0
0.42
0.86
0.43
0.83

Fasting insulin

RR (95% CD*
1.36 (0.85-2.17)
2.31(1.97-2.70)
1.90 (1.51-2.38)
2.43(1.87-3.14)
2.11(1.70-2.62)
1.92 (1.49-2.46)
2.10 (1.56-2.84)
2.12 (1.78-2.53)
1.98 (1.58-2.48)
2.08 (1.67-2.58)

Fasting glucose
P for
interaction¥
0.53
0.94
0.98
4
0.39

RR (95% CD*

15.5(2.09-115)
3.53(2.88-4.32)
421 (2.99-5.94)
5.35(3.29-8.70)
3.98 (2.86-5.53)
3.01 (2.26-3.98)
3.05(2.19-4.23)
3.40 (2.69-4.29)
3.60 (2.63-4.94)

3.39 (2.53-4.54)
RRs for predictors as continuous variables were RR per 1 SD for log-transformed values; each SD was equivalent to each increase of 1.11 mmol/l in fasting glucose, 1.84 ulU/ml in fasting insulin, 1.93 in HOMA-IR,

<25
=25
<35
=35
<Median
=Median
Current hormone use

Yes
No
Yes
No

and 1.79 in HOMA-B. *The multivariable model was adjusted for matching factors, BMI, alcohol intake, level of physical activity, cigarette smoking status, the use or nonuse of postmenopausal hormone therapy, and

Table 3—RRs of diabetes according to HOMA-based markers stratified by BMI, waist, physical activity, hormone therapy use, and family history of diabetes
family history of diabetes. TMedian for physical activity was 8.333 metabolic equivalent (MET) - h™! - week *. $Log likelihood ratio test was performed to test interactions.

Waist circumference (inches)
Physical activity (MET + h™ "« week ™t
Family history of diabetes

BMI (kg/m?)

Variable
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Table 4—RRs of diabetes according to different levels of HOMA-IR and HOMA-B

Song and Associates

Case/control Matching
HOMA-IR HOMA-B subjects factor adjusted* Model 17 Model 2F
Low High 21/236 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Low Low 140/861 1.72 (1.02-2.92) 1.92 (1.91-4.29) 2.01 (1.09-3.68)
High High 696/860 9.97 (5.99-16.6) 5.34 (2.96-9.62) 3.97 (2.19-7.19)
High Low 721/236 36.9 (21.7-62.8) 24.9 (13.4-46.2) 19.5 (10.5-36.3)

Data are RRs (95% Cls) unless otherwise indicated. High and low levels of HOMA-IR and HOMA-B were based on a median split among controls; the median cut
points were 1.439 for HOMA-IR and 81.7 for HOMA-B. *Matching factors included age, race/ethnicity, clinical center, and time of blood draw. ¥Model 1 was
adjusted for matching factors, BMI, alcohol intake, level of physical activity, cigarette smoking status, the use or nonuse of postmenopausal hormone therapy, and
family history of diabetes. ¥Model 2 additionally adjusted for waist-to-hip ratio in model 1.

insulin and HOMA-IR remained signifi-
cantly associated with diabetes risk with
stable estimates in all women and all eth-
nic groups, although the association
strength was stronger for HOMA-IR than
for insulin. Notably, due to decreased sta-
tistical power, the RR estimate variability
became unusually large for fasting glu-
cose, and the direction for the association
of HOMA-B and diabetes risk was even
changed after additional controlling for
diabetes risk factors (Table 2).

The positive associations with diabe-
tes were evident for HOMA-IR and fastin§
insulin in women with a BMI =25 kg/m
(both P values for interaction = 0.03). No
significant effect modifications were ob-
served for other factors (Table 3).

Compared with women who had low
HOMA-IR and high HOMA-B, those with
high HOMA-IR and low HOMA-B had the
highest RRs (Table 4). Low HOMA-B was
consistently associated with an increased
risk of diabetes regardless of HOMA-IR
levels. Likewise, HOMA-IR was positively
associated with diabetes risk among
women with either low HOMA-B or high
HOMA-B.

CONCLUSIONS — In this prospec-
tive, nested, case-control study from a
large-scale, multiethnic cohort of post-
menopausal women, we confirm that
both HOMA-IR and HOMA-B derived
from basal levels of fasting insulin and
glucose were consistently associated with
diabetes risk. These associations were in-
dependent of BMI and waist-to-hip ratio
as well as other conventional diabetes risk
factors. No statistically significant multi-
plicative interactions by ethnicity were
noted. When evaluated jointly, the asso-
ciations of HOMA-IR and HOMA-B with
diabetes risk tended to be independent
and additive, with the highest RR of dia-
betes associated with high HOMA-IR and
low HOMA-B.

The HOMA model is the most widely
used surrogate measure for assessing in-

sulin resistance and B-cell function in
clinical and epidemiologic studies (2,7).
The HOMA model was initially proposed
by Matthews et al. (1) in 1985 and was
considered a structural model of the un-
derlying physiological basis for the feed-
back loop between the liver and the B-cell
in fasting (2). The simplified formulae
were derived from a mathematical assess-
ment of the balance between hepatic glu-
cose output and insulin secretion from
basal levels of both glucose and insulin
(1,2). The validity of HOMA-IR has been
evaluated by comparison with the physi-
ologic measures of insulin sensitivity by
some gold standard methods in individu-
als with normal glucose tolerance (NGT),
those with IGT, and diabetic patients.
HOMA-IR has been shown to correlate
well with insulin resistance index derived
from the euglycemic clamp (NGT indi-
viduals: ¥ = 0.40-0.58 [12,13], diabetic
patients: r = 0.57-0.73 [12,14,15], and
combined diabetic and nondiabetic indi-
viduals: r = 0.56-0.82 [12,16]) and
from directly measured insulin sensitiv-
ity, estimated using the minimal model
from the frequently sampled intravenous
glucose tolerance test (NGT individuals:
r=—0.49 to —0.70 [7,17-19], IGT in-
dividuals: r = —0.83 [18], and nonobese
diabetic patients: r = 0.50 [20]). Overall,
there were good correlations between
HOMA-IR and insulin resistance assessed
from those well-validated methods. In
contrast, it remains controversial whether
HOMA-B is an accurate reflection of pan-
creatic B-cell function. In both nondia-
betic and diabetic individuals, HOMA-B
has been shown to correlate moderately
well with those sophisticated measures of
insulin secretion using the hyperglycemic
clamps (r = 0.62-0.69) (1,13), continu-
ous infusion glucose model assessment
(r =0.87) (1), the acute insulin response
(AIR) estimated from the intravenous glu-
cose tolerance test (r = 0.65) (21), and
the ratio of change in insulin to change in

glucose over the first 30 min of an oral
glucose tolerance test (r = 0.38 in nondi-
abetic participants, r = 0.64 in diabetic
patients, and r = 0.44 for the overall pop-
ulation) (4).

The ability of the HOMA model to
predict the development of type 2 diabe-
tes has been evaluated in both cross-
sectional and cohort studies. Previous
cross-sectional studies have shown the re-
lationships between HOMA-IR and
HOMA-B and the prevalence of IGT and
type 2 diabetes in Japanese (3), Mexican-
American (4), and non-Hispanic white
subjects (4). HOMA-IR significantly pre-
dicted risk of incident IGT in 128 Japa-
nese Americans with NGT with >10
years of follow-up (8) and 10-year diabe-
tes incidence in the Bruneck Study of
1,000 TItalians (5). In a recent study of
combined prospective data involving a
total of 3,574 participants including
non-Hispanic white, African-American,
Hispanic-American, and Mexican sub-
jects with 5-8 years of follow-up,
HOMA-IR displayed a more consistent
ability to predict type 2 diabetes com-
pared with other insulin resistance in-
dexes (7). In line with these findings, our
study has confirmed that HOMA-IR was a
robust surrogate compared with fasting
glucose, insulin, or HOMA-B in each of
four ethnic groups of American women
with different diabetes risk factor profiles.

A few prospective studies have evalu-
ated the role of both HOMA-IR and
HOMA-B in predicting future risk of type
2 diabetes and/or IGT (6,9,10). Increased
HOMA-IR and decreased HOMA-B have
been shown to significantly predict type 2
diabetes among 1,449 Mexicans during a
3.5-year follow-up (6), 644 Chinese fol-
lowed for 4.5 years (9), and 81 healthy
first-degree relatives of African-American
patients with type 2 diabetes followed for
6 years (10). With similar findings, our
large prospective data further showed the
independent and additive associations of
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HOMA-IR and HOMA-B with diabetes
risk, indicating the importance of assess-
ing both insulin resistance and B-cell
function in relation to diabetes risk. Of
note, our secondary analyses showed lim-
ited utility of HOMA-B, most likely be-
cause its independent association with
diabetes risk seemed to be very sensitive
to statistical power loss and specification
of multivariable model.

The strengths of our multiethnic
study include its prospective study de-
sign, large sample size, and detailed mea-
sures of variables. Nonetheless, several
limitations of the present study merit con-
sideration. First, bias from the inclusion
of undiagnosed diabetes may be a con-
cern. However, when the analyses were
restricted to all case and control subjects
with a fasting glucose <126 mg/dl at
baseline, the findings were not apprecia-
bly altered. We also had similar results
after further excluding all the case sub-
jects occurring in the first follow-up year
who were likely to have undiagnosed di-
abetes. These results suggest that bias due
to undiagnosed diabetes was unlikely to
be substantial. Also, we cannot exclude
the possibility of residual confounding by
incompletely measured or unmeasured
physiologic covariates; it seems unlikely
that more complete statistical adjustment
would fully eliminate the observed asso-
ciations or the consistency of our findings
across diverse populations.

In summary, our prospective data
showed that the basal levels of HOMA in-
dexes, especially HOMA-IR, were inde-
pendently and consistently associated
with diabetes risk in a multiethnic cohort
of U.S. postmenopausal women. These
prospective associations appeared to be
robust across diverse ethnic groups. Our
findings suggest the utility of the HOMA
indexes for assessing insulin resistance
and B-cell function in identifying individ-
uals who are at high risk and who may
benefit from interventions for diabetes
prevention.
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