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ABSTRACT
Background: High dietary glycemic index (GI) and glycemic load
(GL) may promote tumorigenesis by increasing endogenous con-
centrations of insulin-like growth factor I (IGF-I) or the bioavail-
ability of estradiol. In vitro studies have shown that uterine
leiomyoma (UL) cells proliferate in response to IGF-I and display
increased IGF-I gene expression and protein synthesis. Previous
epidemiologic studies suggest that a high GL is a risk factor for
endometrial and ovarian cancers, which, like UL, are hormone-
responsive tumors.
Objective: We investigated the relation of dietary GI and GL with
UL risk in the Black Women’s Health Study.
Design: In this prospective cohort study, we followed 21,861 pre-
menopausal women for incident UL from 1997 to 2007. Diet was
assessed in 1995 and 2001 with food-frequency questionnaires. We
used Cox regression to estimate incidence rate ratios (IRRs) and
95% CIs, controlled for potential confounders.
Results: During 162,604 person-years of follow-up, there were
5800 cases of UL diagnosed by ultrasound or surgery. Dietary GI
was weakly associated with UL risk overall (IRR for highest com-
pared with lowest quintile: 1.09; 95% CI: 0.99, 1.19; P for trend =
0.04). Positive associations were observed between GL and UL in
women aged,35 y (IRR for highest compared with lowest quintile:
1.18; 95% CI: 1.02, 1.37; P for trend = 0.15) and between GI and
UL in college-educated women (IRR for highest compared with
lowest quintile: 1.17; 95% CI: 1.03, 1.34; P for trend = 0.004).
Conclusions: Our results suggest that high dietary GI and GL may
be associated with an increased UL risk in some women. The ob-
served associations warrant investigation in future studies. Am J
Clin Nutr 2010;91:1281–8.

INTRODUCTION

Uterine leiomyomata (UL), benign neoplasms that develop
from uterine smooth muscle cells, are the leading indication for
hysterectomy in the United States (1, 2). This condition is par-
ticularly burdensome in US black women, for whom the in-
cidence of clinically recognized UL is 2–3 times that of US white
women (1, 3–5). Sex steroid hormones are believed to stimulate
UL development and growth (6, 7), and studies have consistently
identified reproductive and hormonal risk factors for UL (8–14).
Identification of modifiable lifestyle risk factors, such as dietary
intake, could lead to public health recommendations aimed at
prevention of UL.

Long-term consumption of excess simple carbohydrates may
lead to hyperinsulinemia, defined as prolonged, elevated blood

glucose concentrations and insulin resistance in the liver, muscle,
and adipose tissues. Studies of blood samples from nondiabetic
adults show that high concentrations of insulin correlate with
increased free circulating concentrations of insulin-like growth
factor I (IGF-I) (15) and, in females, with decreased sex hormone–
binding protein concentrations, thereby increasing bioavailable
estradiol (16). In vitro (17, 18) and animal (19, 20) studies have
shown that IGF-I has a role in activating mitogenic and anti-
apoptotic cell pathways that support tumor growth. IGF-I stim-
ulates UL cell proliferation in culture (21, 22), and studies of
human UL cells have found increased IGF-I gene expression (23–
26) and protein (27, 28) levels relative to normal myometrial
cells. In vitro evidence indicates that up-regulation of IGF-I in UL
cells may occur in an estrogen-dependent manner (29, 30).
However, a recent cross-sectional epidemiologic study found no
association between IGF-I and UL in black women, and a sug-
gestive inverse association in white women (31).

An indicator of a food’s insulin demand, glycemic index (GI),
quantifies a food’s capacity to raise postprandial blood glucose
concentrations (32) relative to an equivalent carbohydrate portion
of a reference food (glucose or white bread) (33). Glycemic load
(GL), the mathematical product of a food’s GI multiplied by
grams of carbohydrate in a serving, provides a more complete
measure of the portion’s effect on postprandial blood glucose (34,
35). Results from epidemiologic studies of GI and GL in relation
to other hormone-responsive tumors have been mixed, with some
studies reporting positive associations for endometrial (36–38)
and ovarian (39, 40) cancers and others reporting no association
(41, 42). There have been no studies of GI and GL in relation to
risk of UL. We prospectively evaluated the association of dietary
GI and GL with UL incidence in the Black Women’s Health
Study (BWHS)—a cohort study of US black women.
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SUBJECTS AND METHODS

Study population

The BWHS is an ongoing prospective cohort study of’59,000
black women aged 21–69 y at baseline (1995). The participants
were enrolled through self-administered questionnaires mailed
to subscribers of Essence magazine, members of several black
professional organizations, and friends and relatives of early
respondents. The baseline questionnaire collected information
on demographics, medical and reproductive history, and lifestyle
factors, including diet. Follow-up questionnaires are mailed
every 2 y to update exposures and identify new illnesses; .80%
of the cohort has been retained through 2007. BWHS respondents
reside in various regions throughout the United States—most in
California, New York, Illinois, Michigan, Georgia, and New
Jersey. The Institutional Review Board of Boston University
Medical Center approved the study protocol.

Assessment of exposure and covariates

Diet was assessed in 1995 and 2001 with a version of the
National Cancer Institute (NCI)–Block short-form food-frequency
questionnaire (FFQ) (43) that had been modified to include
several food items specific to a black female population, based on
write-in items from our pilot study. For each food, the participant
was asked to fill in how often, on average, she had consumed the
food during the previous year, and her usual portion size. There
were 9 options for frequency. These options ranged from “never
or,1 per month” to a maximum of either “�2 per day” for food
items or “�6 per day” for beverage items.” The serving sizes
used on the 1995 FFQ were small, medium, and large; on the
2001 FFQ, we added a fourth category: super-size. “Small” was
equal to half the medium serving size, “large” was 1.5 times the
medium size, and “super-size” was twice as large as the medium
size.

The FFQ was validated by using a 3-d food diary and up to
three 24-h dietary recalls among a sample of 408 BWHS par-
ticipants (44). Comparisons of FFQ data with data from recalls
and diaries indicated acceptable validity for deriving intakes of
carbohydrate, fat, protein, dietary fiber, calcium, iron, vitamin C,
folate, and b-carotene, with deattenuated and energy-adjusted
correlation coefficients ranging from 0.5 to 0.8.

Nutrient estimates from the FFQ were calculated by using
version 1.4.1 of the National Cancer Institute (Rockville, MD)
DietCalc software. The National Cancer Institute Diet History
Questionnaire Database provided serving size- and sex-specific
GL and carbohydrate values (34). We calculated overall dietary
GL and carbohydrates by multiplying each serving-size specific
value by the mean number of servings per day and then summing
the resulting value over all foods (45). When computing GL per
serving, the Diet History Questionnaire Database uses the GI
value relative to an equivalent quantity of glucose and multiplies
it by the digestible carbohydrates in a serving of food: the USDA-
based value for grams of total carbohydrate minus the USDA-
based value for grams of dietary fiber. Subtracting dietary fiber
from total carbohydrate results in a GL value that is an indicator
of the blood glucose response to the digestible carbohydrates in
a serving of food, and failure to subtract dietary fiber might result
in an overestimate of this effect (34). Each participant’s average
dietary GI was calculated by dividing her dietary GL by her daily

intake of digestible carbohydrates. We adjusted dietary GI and
GL by using the nutrient residual method to measure the variation
in nutrient intake attributable to the nutrient composition of the
diet, independent of total energy intake (46).

The baseline and follow-up questionnaires collected infor-
mation on several potential risk factors for UL, including age
at menarche, parity, age at each birth, body mass index (BMI; in
kg/m2), cigarette smoking, alcohol intake, education, marital
status, occupation, and diabetes. The 2007 questionnaire assessed
recency of pelvic exam screening: ,5 y ago, 5–9 y ago, �10 y
ago, and never. Hours of vigorous physical activity were re-
ported on all questionnaires through 2001. Education and oc-
cupation were reported on the baseline questionnaire, household
income was reported on the 2003 questionnaire, and marital
status was updated for each questionnaire cycle, with the ex-
ception of 2001.

Assessment of outcome

On the 1999, 2001, and 2003 follow-up questionnaires,
women were asked whether they received a diagnosis of “uterine
fibroids” in the previous 2-y interval, the calendar year in which
they were first diagnosed and whether their diagnosis was
confirmed by pelvic exam and/or by ultrasound/hysterectomy.”
In 2003 and subsequent questionnaires, the question about
diagnostic method asked whether the diagnosis was confirmed
by “ultrasound” and/or by “surgery (eg, hysterectomy)” to iden-
tify women who may have had other surgical procedures.
Respondents were classified as cases if in 1999 or 2001 they
reported a diagnosis of uterine fibroids confirmed by “ultrasound/
hysterectomy” or in 2003, 2005, or 2007 they reported a di-
agnosis confirmed by “ultrasound” or “surgery,” with a valid year
of diagnosis (�1997). The index date for each case was defined
as the midpoint of the reported calendar year in which the di-
agnosis was made.

Our outcome definition included cases diagnosed by ultra-
sound as well as by surgery because the latter represent only
10–30% of cases for whom ultrasound evidence is available
and because an analysis restricted to such cases may spuriously
identify risk factors associated with disease severity or treatment
preference. Ultrasound, the standard used to confirm diagnoses
in clinical practice (47), has high sensitivity (99%) and speci-
ficity (91%) relative to histologic evidence (48, 49). To maximize
the specificity of outcome classification (50), we treated di-
agnoses made by pelvic exam only (n = 548) as “noncases” in
the analysis because they could represent other gynecologic
pathologies (51).

The accuracy of self-reported UL was assessed in a random
sample of 248 cases reporting a diagnosis by ultrasound or
surgery. Cases were mailed supplemental surveys regarding their
initial date of diagnosis, method of confirmation, symptoms, and
treatment, and they were asked for permission to review their
medical records. We obtained medical records from 127 of the
128 womenwho gave us permission and confirmed the self-report
by medical record in 122 (96%). There were no material dif-
ferences between cases who did and did not release their medical
records with respect to established risk factors for UL, which
suggests that those who released their medical records repre-
sented the larger case group (52).
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Restriction criteria

Follow-up for UL incidence began in March 1997, the start of
the second questionnaire cycle, because the self-reported method
of diagnosis was first elicited on the 1999 questionnaire. We
restricted the sample to premenopausal women with intact uteri
because UL is rare after menopause. Of the 53,153 women who
completed the 1997 questionnaire, we excluded women who
were postmenopausal (n = 16,594). Women who reported a UL
diagnosis before 1997 (n = 10,626), who reported UL without
information on year of diagnosis (n = 125) or method of diagnosis
(n = 120), who did not complete a follow-up questionnaire
(n = 980), or who had missing data on key covariates (n = 582)
were excluded. Women who did not complete the 1995 FFQ,
who left .10 FFQ items blank (n = 418), or who had implau-
sible total energy intake values on the 1995 FFQ (,500 or
�3800 kcal/d, n = 1,847) were also excluded, which left a final
sample of 21,861 premenopausal women at risk of UL in 1997.
Those excluded had lower educational attainment than did re-
spondents, but were similar with respect to age, parity, age at
menarche, and other determinants of UL risk.

Data analysis

Each participant contributed person-time from 1 March 1997
until the diagnosis of UL, menopause, death, loss to follow-up, or

end of follow-up (1 March 2007), whichever came first. We used
Cox regression models, stratified by age and time period, to
estimate incidence rate ratios (IRRs) and 95% CIs for the
associations of interest (53). Covariates that changed over time
(eg, BMI and parity) were treated as time-dependent variables in
the analysis.

We assessed the 1995 FFQ data in relation to incidence of UL
occurring during 1997–2001 and the average of 1995 and 2001 in
relation to UL incidence during 2001–2007, because the average
is considered a better measure of long-term intake (54). For the
5437 participants who had missing or implausible data for the
2001 FFQ, we used 1995 FFQ data for the entire incident period.
We divided women into groups based on quintiles of dietary
exposure, and we conducted 2-sided tests for linear trend by
modeling the median intake by quintile as a continuous variable.
We also examined the possibility of a nonlinear relation of GI and
GL with UL risk using restricted cubic splines (55). Tests for
nonlinearity were computed by using the likelihood ratio test,
comparing the model with the linear term to the model with the
linear and spline terms (56).

We constructed 2 sets of multivariable models: model 1
controlled for age (1-y intervals), questionnaire cycle (1997–
1999, 1999–2001, 2001–2003, 2003–2005, and 2005–2007), and
total energy intake (quintiles)—strong potential confounders of
the diet-UL associations. Model 2 additionally controlled for

TABLE 1

Baseline characteristics of 21,861 women according to dietary glycemic load and glycemic index: the Black Women’s Health Study, United States, 19971

Quintile of dietary glycemic load (range) Quintile of dietary glycemic index (range)

1 (26–83) 3 (93–101) 5 (112–198) P for trend2 1 (37–52) 3 (55–56) 5 (58–68) P for trend2

No. of women 4007 4112 5272 — 4380 4097 4883 —

Age (y) 35.5 6 7.3 34.5 6 7.2 34.2 6 7.2 ,0.001 35.7 6 7.4 34.5 6 7.1 34.2 6 7.2 ,0.001

BMI (kg/m2) 28.6 6 7.4 27.5 6 6.8 27.8 6 6.9 ,0.001 27.5 6 6.5 27.8 6 6.8 28.4 6 7.5 ,0.001

Age at menarche (y) 12.4 6 1.6 12.3 6 1.6 12.4 6 1.6 0.02 12.3 6 1.6 12.3 6 1.5 12.4 6 1.6 0.05

Parity (births) 1.1 6 1.3 1.1 6 1.2 1.1 6 1.21 0.51 1.0 6 1.2 1.1 6 1.2 1.2 6 1.2 ,0.001

Age at first birth (y)3 23.0 6 5.4 23.5 6 5.2 22.8 6 5.0 0.04 23.5 6 5.4 23.4 6 5.2 22.6 6 5.0 ,0.001

Time since last birth (y)3 10.1 6 7.5 9.8 6 7.6 10.4 6 7.6 0.01 9.9 6 8.1 9.8 6 7.3 10.3 6 7.5 0.003

Vigorous exercise (h/wk) 1.5 6 2.4 1.7 6 2.5 1.7 6 2.6 0.005 2.3 6 2.9 1.6 6 2.4 1.2 6 2.1 ,0.001

Education (y) 14.8 6 1.8 15.0 6 1.7 14.8 6 1.7 0.06 15.1 6 1.7 14.9 6 1.7 14.7 6 1.8 ,0.001

Oral contraceptive use (y) 4.6 6 4.7 4.7 6 4.6 4.5 6 4.5 0.06 4.4 6 4.7 4.7 6 4.7 4.7 6 4.6 0.004

Current use of progestin-only

injectables or implants (%)

3.5 2.8 2.8 0.65 2.4 2.9 3.0 0.15

Alcohol intake (drinks/wk) 1.8 6 3.8 1.3 6 2.6 1.1 6 2.6 ,0.001 1.3 6 2.8 1.2 6 2.6 1.4 6 3.0 0.11

Dairy intake (servings/wk) 9.7 6 11.3 7.9 6 7.7 5.0 6 5.6 ,0.001 13.0 6 13.2 6.7 6 5.8 4.2 6 4.1 ,0.001

Glycemic load 74.0 6 8.3 96.8 6 2.4 125.1 6 12.4 — 90.9 6 16.2 99.7 16.7 108.3 6 22.0 ,0.001

Glycemic index 54.0 6 4.0 55.3 6 3.1 57.0 6 2.8 ,0.001 50.5 6 2.1 55.6 6 0.44 59.6 6 1.35 —

Diabetes (%) 4.9 2.7 2.5 ,0.001 3.2 3.0 3.0 0.53

Current smoker (%) 17.0 13.4 14.2 0.003 11.2 12.8 18.4 ,0.001

Married (%) 38.3 41.4 39.1 0.59 40.0 40.3 38.2 0.14

Household income

,$25,000 in 2003 (%)

13.1 9.2 11.5 0.02 9.0 10.3 13.0 ,0.001

White collar occupation (%) 56.7 60.9 58.7 0.08 63.1 59.6 54.7 ,0.001

Region of residence in USA (%)

West 21.6 17.8 15.4 ,0.001 21.0 19.0 14.6 ,0.001

Midwest 24.7 23.3 19.8 ,0.001 21.2 21.7 23.4 0.005

Northeast 22.2 26.8 31.7 ,0.001 29.0 28.5 25.4 ,0.001

South 31.5 32.2 33.2 0.25 28.7 30.8 36.6 ,0.001

1 With the exception of age, means and percentages were standardized to the age distribution of the cohort in 1997.
2 P values from the age-adjusted test for linear trend across all quintiles.
3 Restricted to 12,452 participants who were parous at the start of follow-up.
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dietary, reproductive, hormonal, and lifestyle factors shown to be
associated with UL in our data set (57–60) or in other studies (8,
61) and socioeconomic factors that might influence both diet
quality and detection of UL (62). These additional factors were as
follows: age at menarche (11, 12–13, 14, and�15 y), parity (0, 1,
2, 3, and �4 births), age at first birth (,20, 20–24, 25–29, and
�30 y), years since last birth (,5, 5–9, 10–14, 15–19, and �20),
current use of hormonal contraception (combined oral contra-
ceptives, progestin-only injectable or implant use, and none),
BMI (,20, 20–24, 25–29, 30–34, and �35), physician-diagnosed
diabetes (yes and no), current alcohol consumption (,1, 1–6,
and �7 drinks/wk), cigarette smoking (current, former, and
never smoker), vigorous physical activity (0, ,1, 1, 2, 3–4, 5–6,
and �7 h/wk), current region of residence (Northeast, South,
Midwest, West, and outside US), educational attainment (�12,
13–15, 16, and �17 y), marital status (single, married, and
divorced/separated/widowed), household income (�$25,000,
$25,001–50,000, $50,001–100,000, and .$100,000), and oc-
cupation (white-collar, nonwhite collar, and not employed/
other). Because dairy contributes to both GI and GL and is in-
versely associated with UL in our cohort (63), model 2 also
controlled for servings of dairy foods (,1, 1–1.9, 2–3.9, and �4
servings/d). All analyses were carried out by using SAS statis-
tical software (version 9.1) (64).

In subgroup analyses, we examined whether associations be-
tween GI and GL and UL risk were modified by selected par-
ticipant characteristics (age, parity, education, vigorous physical
activity, and BMI) or method of diagnosis (surgery or ultra-
sound). We conducted tests for statistical interaction using the
likelihood ratio test, comparing model 2 with a model that in-
cluded an interaction term between the potential effect modifier
(categorical variable) and the quintile median (continuous var-
iable). Because women younger than 35 y are less likely to be
misclassified with respect to case status (5), we evaluated effect
modification by age (,35 compared with �35 y). We also as-
sessed differences in our associations by parity, because parity is

an important protective factor for UL (8, 10, 13) and has been
shown to modify the relation between diet and other reproductive
outcomes, such as ovulatory infertility (65). We stratified on
markers of insulin resistance, overweight (BMI: 25–29) or obesity
(BMI � 30), and vigorous physical activity, because several
studies noted a stronger association of GL and endometrial cancer
in obese women (37, 38) or in overweight women with low
physical activity (66). Finally, we stratified by education because
our FFQ validation study found moderately higher correlations
between FFQ and 24-h recall in college-educated women for
some nutrients, including calcium and b-carotene (44).

RESULTS

GI and GL were moderately positively correlated in our cohort
(Spearman correlation coefficient = 0.32, P , 0.0001). Char-
acteristics of the sample by quintile of GL and GI are shown
in Table 1. Both GL and GI were inversely related to age,
dairy intake, and residence in the West and Midwest US. GL
was inversely associated with physician-diagnosed diabetes
and smoking and positively associated with residence in the
Northeast. GI was positively associated with BMI, smoking,
and residence in the South and inversely associated with vig-
orous physical activity, education, white collar occupation, and
household income.

There were 5800 incident cases of UL diagnosed by ultrasound
or surgery during 162,604 person-years of follow-up from 1997
to 2007. Overall, there was no association of GL with UL risk
(Table 2). GI was weakly associated with UL risk overall (P =
0.04; IRR for highest quintile relative to the lowest = 1.09; 95%
CI: 0.99, 1.19). Visually, there was little evidence of a positive
monotonic increase in UL risk with each successive quintile of
GI, although the restricted cubic spline analyses did not show
evidence of a nonlinear association (data not shown).

Results for the associations of GL and GI with UL risk
stratified by age and education are shown in Tables 3 and 4.

TABLE 2

Risk of ultrasound- or hysterectomy-confirmed uterine leiomyomata in relation to dietary glycemic load and glycemic index: the Black Women’s Health

Study, United States, 1997–20071

Quintile of dietary intake
P for linear

trend21 2 3 4 5

Glycemic load

Cases 1092 1175 1202 1156 1175

Person-years 32,573 32,503 32,470 32,539 32,519

Model 1: IRR (95% CI)3 1.004 1.09 (1.00, 1.18) 1.12 (1.03, 1.21) 1.07 (0.98, 1.16) 1.09 (1.00, 1.18) 0.11

Model 2: IRR (95% CI)5 1.004 1.07 (0.98, 1.16) 1.08 (0.99, 1.17) 1.02 (0.94, 1.12) 1.03 (0.94, 1.12) 0.96

Glycemic index

Cases 1088 1154 1147 1222 1189

Person-years 32,589 32,534 32,519 32,455 32,507

Model 1: IRR (95% CI)3 1.004 1.07 (0.99, 1.16) 1.07 (0.99, 1.17) 1.15 (1.06, 1.24) 1.11 (1.02, 1.21) 0.003

Model 2: IRR (95% CI)5 1.004 1.06 (0.98, 1.16) 1.05 (0.96, 1.15) 1.12 (1.02, 1.22) 1.09 (0.99, 1.19) 0.04

1 IRR, incidence rate ratio.
2 P values from the 2-sided test for linear trend, modeling the quintile median as a continuous variable.
3 Adjusted for age, questionnaire cycle, and energy intake.
4 Reference group.
5 Adjusted for age, questionnaire cycle, total energy intake, servings of dairy foods, age at menarche, current use of hormonal contraception, BMI,

diabetes, current alcohol consumption, cigarette smoking, vigorous physical activity, current US region of residence, marital status, household income,

occupation, educational level, parity, age at first birth, and years since last birth.
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There was a positive association between GL and UL risk in
women younger than age 35 y (multivariable-adjusted IRR:
1.18; 95% CI: 1.02, 1.37) for the highest compared with the
lowest quintile of GL (P for trend = 0.15) (Table 3). There was
some evidence of effect modification by age on the association
between GL and UL risk: P for interaction = 0.04. GI was
positively associated with UL risk in college-educated women
(Table 4). The multivariable-adjusted IRR was 1.18 (95% CI:
1.04, 1.34; P for trend = 0.004) in a comparison of the highest
with the lowest quintile of GI in college-educated women, and the
comparable IRR was 1.00 (95% CI: 0.88, 1.14) in noncollege-
educated women (P for interaction = 0.06). Finer stratification of
the college-educated group found similar GI-UL associations in
women with and without postgraduate education (data not shown).
There were no substantial differences in IRRs across categories of
vigorous physical activity, BMI, and parity (data not shown).

The results did not differ appreciably when we examined the
cases confirmed by surgery separately from those confirmed by
ultrasound, when we included cases detected by pelvic exam in
the case group or when we stratified the analysis by time period
(1997–2001 compared with 2001–2007) (data not shown). Fur-
thermore, the results were similar when we restricted the sample
to 16,097 women who reported having received a pelvic exam
within the past 5 y and when we excluded women with prevalent
or incident diabetes (n = 1276).

DISCUSSION

In this large prospective cohort study of US black women,
dietary GI, but not GL, was associated with risk of UL overall.
Whereas the linear trend for increasing quintile of GI was sig-
nificant, the magnitude of the association was small. There was
a positive association between GL and UL risk in young women
aged,35 y and an association between GI and UL risk in college-
educated women. Whether these differences in association were
real or due to chance variation is unclear. UL is less likely to be
misclassified in younger women (5), and women with more
education may be better reporters of dietary intake (44, 67, 68).
Thus, these 2 subgroups may include women among whom in-
formation bias is reduced. However, GI and GL did not show
independent associations within the same subgroup analysis, and
our assessment of 2 different exposure variables across multiple
subgroups may have increased the potential for false-positive
results. A recent cross-sectional study—in which all women were
screened with ultrasound for the presence of UL—found no as-
sociation between plasma concentrations of insulin and IGF-I and
prevalence of UL in black women (31). Whereas a previous
prospective study found evidence of an association between GL
and endometrial cancer confined to women with low physical
activity and high BMI (66), we found no evidence of effect
modification by physical activity or BMI in stratified analyses.

TABLE 3

Risk of ultrasound- or hysterectomy-confirmed uterine leiomyomata in relation to dietary glycemic load, stratified by age and education: the Black Women’s

Health Study, 1997–20071

Quintile of

glycemic load
P for

linear trend2

P for

statistical

interaction31 2 3 4 5

Age ,35 y

Cases 287 370 395 403 470

Person-years 10,721 11,489 12,581 13,120 14,105

Model 1: IRR (95% CI)4 1.005 1.20 (1.03, 1.40) 1.19 (1.02, 1.38) 1.16 (1.00, 1.35) 1.28 (1.11, 1.48) 0.005

Model 2: IRR (95% CI)6 1.005 1.19 (1.02, 1.39) 1.13 (0.97, 1.32) 1.09 (0.93, 1.26) 1.18 (1.02, 1.37) 0.15 0.04

Age �35 y

Cases 805 805 807 753 705

Person-years 21,852 21,014 19,889 19,419 18,414 0.95

Model 1: IRR (95% CI)4 1.005 1.05 (0.95, 1.16) 1.09 (0.99, 1.20) 1.03 (0.93, 1.14) 1.00 (0.91, 1.11)

Model 2: IRR (95% CI)6 1.005 1.03 (0.93, 1.14) 1.06 (0.96, 1.17) 0.99 (0.99, 1.10) 0.94 (0.85, 1.05) 0.19

Education ,16 y

Cases 559 578 526 548 619

Person-years 17,290 16,351 15,457 16,451 17,639

Model 1: IRR (95% CI)4 1.005 1.10 (0.98, 1.24) 1.07 (0.95, 1.20) 1.04 (0.93, 1.17) 1.10 (0.98, 1.24) 0.22

Model 2: IRR (95% CI)6 1.005 1.08 (0.96, 1.21) 1.02 (0.91, 1.16) 0.98 (0.87, 1.11) 1.03 (0.92, 1.16) 0.99 0.90

Education �16 y

Cases 533 597 676 608 556

Person-years 15,284 16,152 17,013 16,088 14,880

Model 1: IRR (95% CI)4 1.005 1.07 (0.96, 1.21) 1.15 (1.02, 1.29) 1.09 (0.97, 1.22) 1.07 (0.95, 1.21) 0.31

Model 2: IRR (95% CI)6 1.005 1.06 (0.94, 1.20) 1.12 (1.00, 1.26) 1.05 (0.94, 1.18) 1.02 (0.90, 1.15) 0.97

1 IRR, incidence rate ratio.
2 P values for the 2-sided test for linear trend, modeling the quintile median as a continuous variable.
3 P values for the likelihood ratio test, comparing model 2 with a model that was further adjusted for the interaction between the binary exposure used for

stratification and the glycemic load quintile median.
4 Adjusted for age, questionnaire cycle, and energy intake.
5 Reference group.
6 Adjusted for age, questionnaire cycle, total energy intake, servings of dairy foods, age at menarche, current use of hormonal contraception, BMI,

diabetes, current alcohol consumption, cigarette smoking, vigorous physical activity, current US region of residence, marital status, household income,

occupation, educational level, parity, age at first birth, and years since last birth.
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Our study design had several strengths. We prospectively
measured diet and known UL risk factors, thereby eliminating the
potential for recall bias. We used a nutrient database that has
rigorously evaluated its standard values of GI and GL (34, 69). A
previous study using FFQ data from our cohort found a significant
positive association of GI with risk of type 2 diabetes, suggesting
low potential for exposure misclassification (45). The high rate of
follow-up for each questionnaire period reduced the potential for
bias from differential loss to follow-up. The large sample size and
high number of incident cases provided excellent power to detect
small effects and control for many putative risk factors for UL.

Our data analysis adjusted for many covariates because dietary
factors correlate with other lifestyle factors, such as vigorous
exercise and smoking, which may confound the association
between diet and UL risk (61, 70). Dairy products were of
particular interest because milk has been shown to be positively
correlated with circulating IGF-I concentrations (71), and dairy
products were inversely associated with UL in our cohort (63).
However, associations of GI and GL with UL risk did not sub-
stantially change after adjustment for total dairy intake (data not
shown), which suggests that dairy products are an unlikely
confounder or mediator of our associations. GL was inversely
associated with diabetes at baseline in our cohort (likely related to
low-carbohydrate diets prescribed to diabetic persons), and di-
abetes was inversely associated with risk of UL in 3 of 4 studies

that examined this relation (31, 60, 72, 73). The small number of
UL cases who also had diabetes in our young cohort sample
precluded a meaningful examination of whether diabetes mod-
ified the associations of UL with GI and GL.

A limitation of our study was that participants self-reported
their UL diagnosis. However, our validation study confirmed
96% of UL diagnoses in the participants who released their
medical records, and these cases were similar to cases who did
not release their records with respect to reported symptoms,
method of diagnosis, and predictors of UL (52). Because UL is
often asymptomatic, true cases will have been missed. However,
we expect any disease misclassification to be nondifferential
because diet was assessed before the report of UL, and such
misclassification usually results in bias toward the null (74). This
could explain why we found a positive relation between GL and
UL risk only among younger women, whose case status is less
likely to be misclassified (5). Our case group likely represents
women with symptomatic disease because most cases in the
validation study (71%) reported symptoms before the initial
diagnosis, a low percentage of cases (13%) were detected in-
cidentally, and rates of UL diagnoses in our study are similar to
rates for black women reported in other US studies (75).

Another limitation was error in measuring long-term nutrient
intakes using FFQs, which would generally bias diet-disease
associations toward the null. Given that our validation study

TABLE 4

Risk of ultrasound- or hysterectomy-confirmed uterine leiomyomata in relation to dietary glycemic index, stratified by age and education: the Black

Women’s Health Study, 1997–20071

Quintile of glycemic index

P for

linear trend2

P for

statistical

interaction31 2 3 4 5

Age ,35 y

Cases 327 356 390 422 430

Person-years 10,931 1,1881 12,537 13,076 13,591

Model 1: IRR (95% CI)4 1.005 0.92 (0.79, 1.07) 1.01 (0.87, 1.17) 1.07 (0.92, 1.23) 1.07 (1.02, 1.23) 0.11

Model 2: IRR (95% CI)6 1.005 0.92 (0.79, 1.07) 0.99 (0.86, 1.16) 1.05 (0.90, 1.22) 1.04 (0.89, 1.21) 0.26 0.97

Age �35 y

Cases 761 798 757 800 759

Person-years 21,657 20,653 19,982 19,379 18,916

Model 1: IRR (95% CI)4 1.005 1.09 (0.99, 1.20) 1.07 (0.97, 1.19) 1.16 (1.05, 1.28) 1.11 (1.00, 1.22) 0.02

Model 2: IRR (95% CI)6 1.005 1.09 (0.98, 1.20) 1.06 (0.95, 1.17) 1.14 (1.02, 1.26) 1.09 (0.98, 1.22) 0.08

Education ,16 y

Cases 471 544 550 645 620

Person-years 14,539 15,417 16,900 17,681 18,651

Model 1: IRR (95% CI)4 1.005 1.10 (0.97, 1.24) 1.02 (0.90, 1.16) 1.15 (1.02, 1.29) 1.04 (0.92, 1.17) 0.36

Model 2: IRR (95% CI)6 1.005 1.08 (0.95, 1.22) 0.98 (0.86, 1.12) 1.10 (0.96, 1.25) 1.00 (0.88, 1.14) 0.98 0.06

Education �16 y

Cases 617 610 597 577 569

Person-years 18,050 17,117 15,619 14,774 13,856

Model 1: IRR (95% CI)4 1.005 1.04 (0.93, 1.17) 1.12 (1.00, 1.26) 1.15 (1.02, 1.29) 1.20 (1.07, 1.35) 0.0004

Model 2: IRR (95% CI)6 1.005 1.05 (0.93, 1.18) 1.12 (0.99, 1.25) 1.13 (1.00, 1.28) 1.18 (1.04, 1.34) 0.004

1 IRR, incidence rate ratio.
2 P values for the 2-sided test for linear trend, modeling the quintile median as a continuous variable.
3 P values for the likelihood ratio test, comparing model 2 with a model that was further adjusted for the interaction between the binary exposure used for

stratification and the glycemic index quintile median.
4 Adjusted for age, questionnaire cycle, and energy intake.
5 Reference group.
6 Adjusted for age, questionnaire cycle, total energy intake, servings of dairy foods, age at menarche, current use of hormonal contraception, BMI,

diabetes, current alcohol consumption, cigarette smoking, vigorous physical activity, current US region of residence, marital status, household income,

occupation, educational level, parity, age at first birth, and years since last birth.
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found greater accuracy in correlations between the FFQ and
dietary recalls/records in more educated women, the positive
GI-UL association in college-educated women may reflect re-
duced bias from nondifferential exposure misclassification (76).
In addition, it may be more difficult to discern an association
of dietary GL with UL in energy-adjusted analyses. Dietary GL is
the product of dietary GI and carbohydrates, and isoenergetic
comparisons of GL quintiles mix the effect of substituting a
higher dietary GI with the effect of substituting the carbohydrate
content for an isoenergetic quantity of fat and/or protein, which
may produce different metabolic effects (77). However, protein
and fat intakes were unrelated to UL risk in the BWHS, and
adjustment for these factors did not change the results appre-
ciably (data not shown).

In summary, we observed a small positive association of GI
with UL risk overall and slightly stronger associations of GLwith
UL in younger women and GI with UL in college-educated
women. Further studies of prospectively measured and validated
dietary intake are needed to determine whether these findings
reflect chance or real associations.
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