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Diabetes, Body Size, and Risk of Endometrial Cancer

Suzanne M. Shoff1 and Polly A. Newcomb1-2

Data from a population-based case-control study of Wisconsin women were used to evaluate the relation
of diabetes to the risk of endometrial cancer on the basis of body mass index (BMI). Cases (n = 723) were
identified from a statewide tumor registry; controls (n = 2,291) were selected randomly from population lists.
Diabetes status, weight, height, and other factors were ascertained by telephone interview. Subjects were
categorized as not overweight (BMI, <29.1), overweight (BMI, 29.1-31.9), or obese (BMI, >31.9) according to
the BMI distribution of middle-aged white women in the Second National Hearth and Nutrition Examination
Survey. Joint associations between diabetes status, BMI, and endometrial cancer were evaluated using
unconditional logistic regression models that controlled for age, parity, use of hormone replacement therapy,
education, and smoking. Compared with persons without diabetes, those with diabetes had an adjusted odds
ratio of 1.86 (95% confidence interval (Cl) 1.37-2.52) for endometrial cancer. This association was modified by
BMI (p interaction = 0.04). Compared with nonoverweight nondiabetic subjects, nonoverweight and over-
weight women who reported diabetes had nonsignificant elevated risks of endometrial cancer (nonoverweight,
odds ratio (OR) = 1.10, Cl 0.66-1.86; overweight, OR = 1.58, Cl 0.81-3.05). In contrast, elevated risk estimates
were observed for obese diabetic women (OR = 2.95, Cl 1.60-5.46). These data contradict earlier reports and
suggest that diabetes confers no additional risk of endometrial cancer in women who are neither overweight
nor obese. Am J Epidemiol 1998; 148:234-40.

body mass index; case-control studies; diabetes mellitus, non-insulin-dependent; endometrial neoplasms;
logistic models; obesity in diabetes

Diabetes is hypothesized to be a risk factor for
endometrial cancer, although epidemiologic data are
inconclusive. Early studies reporting crude risk esti-
mates (1-5) or simple percentages of incident cases
with diabetes compared with the population preva-
lence of diabetes (6) generally show a greater preva-
lence of diabetes in subjects with this cancer, although
results are not consistent (7-9). Studies that have ad-
justed for body mass report positive (10, 11) or null
(12, 13) associations. Because non-insulin-dependent
diabetes mellitus (NIDDM) is often associated with an
elevated body size (14), and because body size con-
sistently demonstrates strong positive associations
with endometrial cancer (15), it is of interest to deter-
mine whether the relation between diabetes and endo-
metrial cancer is due, in part, to associations with body
size. If other metabolic characteristics of diabetes,
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such as hyperinsulinemia, have an etiologic role in
endometrial cancer independent of body weight, as has
been hypothesized for colorectal (16, 17) and breast
(18, 19) cancers, then the risk associated with having
diabetes should be evident in all strata of body weight
The aim of our analysis was to evaluate the modifying
effect of body size on the relation between self-reported
diabetes status and risk of endometrial cancer.

MATERIALS AND METHODS

Participants

All participants were female residents of Wisconsin
aged 40-79 years. Incident cases of invasive endome-
trial cancer (diagnosed between 1991 and 1994) were
identified by a statewide mandatory cancer registry.
According to an institutionally approved protocol, we
contacted the physician of record for each eligible case
by mail to obtain permission to approach the subject.
Eligibility was limited to cases with listed telephone
numbers, drivers' licenses verified by self-report (if
less than aged 65 years), and Medicare cards (if more
than aged 65 years). A total of 745 cases (87 percent
of those eligible) were interviewed. The reasons for
nonparticipation included physician refusal (n = 6),
subject refusal (n = 53), failure to locate (n = 2), and
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death (n = 50). Of those cases interviewed, 98 percent
had histologic confirmation of invasive endometrial
cancer.

Community controls were selected randomly from
lists of licensed drivers (if less than aged 65 years) and
Medicare beneficiary files compiled by the Health
Care Financing Administration (if aged 65-79 years).
The controls were selected at random to yield an age
distribution similar to that of the cases, and the con-
trols met the eligibility criterion of having a listed
telephone number. Controls were eligible for the study
if they reported no previous diagnosis of uterine cancer.

Of the 4,362 eligible controls, 521 (11.9 percent)
refused to participate, 35 (0.8 percent) could not be
located, and 88 (2.0 percent) were deceased. A total of
3,718 (85.2 percent) completed the study interview.
After they were interviewed, 1,304 controls who re-
ported a history of hysterectomy and six for whom
interviews were determined to be unreliable were ex-
cluded. In all, data on 2,408 controls were available
for analysis.

Data collection

Before they were contacted by telephone, cases and
controls received letters briefly describing the study.
The 45-minute structured interview elicited informa-
tion on numerous factors prior to an assigned reference
date. For cases, it was the date of diagnosis of endo-
metrial cancer. For comparability, controls were as-
signed a reference date that corresponded to the aver-
age date of diagnosis for similarly aged cases (within
5-year strata) interviewed during the same month.
Trained study staff conducted telephone interviews
without prior knowledge of subjects' disease status.
When interviewing 82 percent of the cases and 96
percent of the controls, the interviewer remained un-
aware of the subject's case-control status until the
interview ended.

Diabetes status was ascertained by asking subjects
whether, prior to the assigned reference date, their
physician had ever told them that they had diabetes.
Age at diabetes diagnosis was also queried. Subjects
were asked about their height when they were in their
twenties and about their weight and height prior to the
assigned reference date, as well as about their mini-
mum and maximum weights since age 20 years. In
addition, the interview covered reproductive history,
exogenous hormone use, medical history, smoking
history, and demographic factors.

Information on diabetes status was missing for six
cases and 67 controls; of the remaining subjects, data
on weight and/or height were incomplete for 16 cases
and 50 controls. Thus, for this analysis, complete infor-
mation was available for 723 cases and 2,291 controls.

Analyses

Duration of diabetes was calculated as the differ-
ence between the subject's current age and age at
diagnosis of diabetes. Those without diabetes were
assigned a duration of 0. Duration was divided into
tertiles based on the distribution of controls with dia-
betes. A fourth category of duration included three
diabetic subjects (one case, two controls) who did not
know their age at diagnosis. Body mass index (BMI)
was computed using current weight and maximum
height (weight (kg)Zheight2 (m2)). Subjects were cat-
egorized as not overweight (BMI, <29.1), overweight
(BMI, 29.1-31.9), or obese (BMI, >31.9) according to
the BMI distribution of middle-aged white women
(aged 55-64 years) in the Second National Health and
Nutrition Examination Survey of 1976-1980 (20).
The lower and upper ends of the "overweight" cate-
gory correspond to the 75th and 85th percentiles, re-
spectively, of this population. Age was defined as the
age at diagnosis or reference date. Parity was the sum
of livebirths and stillbirths.

Multivariable logistic regression was used to com-
pute odds ratios and 95 percent confidence intervals
(21). The models included terms for established and
potential risk factors including BMI, age (continuous),
smoking status (never, former, current), use of hor-
mone replacement therapy (never, former, current),
parity (four levels), and education (four levels). The
interaction between BMI and diabetes status was eval-
uated by including a term representing the product of
the continuous BMI variable and the dichotomous
diabetes variable. The model that includes indicator
variables for joint classification of subjects according
to diabetes status and BMI category also includes
continuous BMI to control for residual confounding.

RESULTS

The prevalence of diabetes was significantly higher
among cases (12 percent) than among controls (6
percent) (chi-square p — 0.0001). Cases were also
significantly heavier than controls (mean BMI, 29.8
vs. 26.3 kg/m2; Student's t test p = 0.0001).

Selected characteristics of cases and controls, ac-
cording to diabetes status, are shown in table 1. Com-
pared with controls who had diabetes, cases who had
diabetes were heavier (p = 0.0001) and had a shorter
duration of diabetes, although this latter difference
was not statistically significant (p = 0.13). The
ages of diabetic cases and controls were not different
(p = 0.45).

Table 2 shows multivariable-adjusted odds ratios of
endometrial cancer according to diabetes status, dura-
tion of diabetes, BMI category, and other covariates.
Diabetes was associated with an almost twofold in-
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TABLE 1. Selected characteristics (%) of women with endometrial cancer (n = 723) and population
controls (n = 2,291) according to diabetes status,* Wisconsin, 1991-1994

Age (years)
40-49
50-59
60-69
70-79

Meant
Duration of diabetes (years)

£5
6-13
214

Meant
Body mass index (kg/m*)

Not overweight
Overweight
Obese
Meant

Cai

Present
(n«=87)

8
11
52
29

64.8 (8.7)

37
38
25

9.8 (9.0)

23
18
59

34.5 (7.0)

dab etas status

les

Absent
(n=638)

12
26
32
30

62.6(10.1)

0

59
13
28

29.1 (7.4)

Controls

Present
(n=143)

1
18
52
29

65.7 (7.3)

33
34
33

11.9(10.4)

56
22
22

29.1 (5.5)

Absent
(n o 2,148)

3
32
39
26

63.1 (8.4)

0

76
12
12

26.1 (5.0)

* For those subjects reporting a history of diabetes, 86 cases and 141 controls reported an age at diagnosis,
t Standard deviation in parentheses.

crease in risk of endometrial cancer (odds ratio (OR)
= 1.86, 95 percent confidence interval (CI) 1.37—
2.52). Duration of diabetes (compared with no diabe-
tes) was associated with an increased risk of endome-
trial cancer that decreased as duration increased (p
trend = 0.001). BMI was associated with a risk of
endometrial cancer. Compared with having a low BMI
(<29.1 kg/m2), being overweight was associated with
an odds ratio of 1.60 (95 percent CI 1.23-2.08), and
obesity was associated with an almost fourfold in-
crease in risk (OR = 3.88, 95 percent CI 3.11-4.85).

The association between diabetes and endometrial
cancer was modified by BMI (p interaction = 0.04).
To investigate this modifying effect further, joint as-
sociations between diabetes status and BMI category
were evaluated (table 3). Compared with those who
did not have diabetes and were not overweight, dia-
betics of moderate body size (BMI, <29.1) had a
nonsignificant elevated risk (OR = 1.10, 95 percent CI
0.66-1.86). Overweight subjects with diabetes had a
higher risk of endometrial cancer, although this asso-
ciation was not statistically significant (OR = 1.58, 95
percent CI 0.81-3.05). However, obese subjects with
diabetes had a substantially increased risk (OR = 2.95,
95 percent CI 1.60-5.46). This odds ratio is greater
than the expected joint effects estimated from the
additive (1.10 + 1.15 - 1.0 = 1.25) and multiplica-
tive (1.10 X 1.25 - 1.38) models.

DISCUSSION

Data presented here suggest that women with dia-
betes who are not obese have no increased risk of

endometrial cancer compared with nonoverweight
women without diabetes. For obese women, having
diabetes is associated with an approximately threefold
increase in risk above that attributed to body size
alone.

In our study, the overall twofold increase in risk
associated with diabetes is similar to risk estimates
reported by others who adjusted for body size (10,11).
The prevalence of diabetes among cases in our popu-
lation was similar to that reported by Brinton et al.
(11) and Spengler et al. (5). Others have reported both
a higher (1, 4, 10) and a lower (3, 7, 8, 13) prevalence
of diabetes in their case populations. A limitation of
most studies, including this one, is that the type of
diabetes is not known. Among the diabetic subjects in
our study, only 3.9 percent (one case, eight controls)
reported that their diabetes was diagnosed before age
30 years; for 73 percent, it was diagnosed at age 50
years or older. Thus, the majority of this sample is
likely composed of persons diagnosed with NIDDM.
Excluding the early-onset subjects did not meaning-
fully alter the results (adjusted diabetes: OR = 1.96,
CI 1.44-2.68). La Vecchia et al. (10) noted that an
increased risk of endometrial cancer was apparent only
for women with adult-onset diabetes (i.e., NIDDM).

Some limitations should be considered when inter-
preting our results. A high percentage of women par-
ticipated in the study (87 percent of cases and 85
percent of controls), which suggests that selection
bias, if any, was limited. However, nondiabetics may
have been misclassified. It is estimated that about 50
percent of the population with diabetes is undiagnosed
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TABLE 2. Odds ratios of endometrial cancer in cases (n = 723) and population controls (n ° 2,291)
according to diabetes status, duration of diabetes, body mass Index, and other covariates, Wisconsin,
1991-1994

Diabetes
Absent
Present

Duration of diabetes (years)
0 (no diabetes)
55
6-13
£14

Body mass index (kg/m»)
Not overweight
Overweight
Obese

Smoking status
Never
Former
Current

Use of hormone replacement
therapy

Never
Former
Current

Education
Some high school
Completed high school
Some college
£4 years of college

Parity
0
1-2
3-4
£5

Cases

636
87

636
32
33
21

393
101
229

432
222

69

405
177
141

125
355
153
90

123
263
239

98

Controls

2,148
143

2,148
46
48
47

1,714
293
284

1,238
697
356

1,566
422
303

381
1,176

442
292

235
674
855
527

Multtvarbbte-
adjusted
ORM

1.00
1.86

1.00
2.14
1.99
1.40

1.00
1.60
3.88

1.00
0.86
0.62

1.00
1.86
2.49

1.00
0.80
0.89
0.74

1.00
0.77
0.51
0.31

95% Cl*

1.37-2.52

1.30-3.51
1.22-3.24
0.80-2.43

1.23-2.08
3.11-4.85

0.71-1.05
0.46-0.83

1.50-2.32
1.94-3.20

0.62-1.04
0.66-1.20
0.53-1.05

0.59-1.02
0.39-0.68
0.23-0.43

• OR, odds ratio; Cl, confidence interval.
t Estimates adjusted for age and other variables.

TABLE 3. Adjusted odds ratios* of endometrial cancer in cases (n a 723) and population controls (n «= 2,291) by combined
categories of body mass index and diabetes status,! Wisconsin, 1991-1994

Diabetes

Absent
Present
p interaction = 0.04

Cases

373
20

Not overweight

Controls

1,633
81

ORJ 95% Clt

1
1.10 0.66-1.88

Case*

85
16

Body mass Index category

Overweight

Controls OR

262 0.91
31 158

95% Cl

0.66-1.27
0.81-3.05

Cases

178
51

Obese

Controls

253
31

OR

1.15
2.95

95% Cl

0.75-1.77
1.60-5.46

* Adjusted (or body mass Index (continuous), age (continuous), smoking status (never, tormer, current), education (categorical), parity (categorical), and use
of hormone replacement therapy (never, former, current).

t Beta coefficients (standard errors) for Indicator variables and interaction term: diabetes absent/overweight: -0.09 (0.17); diabetes absent/obese: 0.14 (0.22);
dabetes present/not overweight: 0.10 (0.27); diabetes present/overweight: 0.45 (034); diabetes present/obese: 1 08 (0.31); otebetes status x continuous body
mass Index Interaction term: 0.06 (0.03).

t OR, odds ratio; Cl, confidence Interval.

(22). Because study participants were sampled from
the general population, it is likely that an appreciable
number had diabetes but were unaware of their con-
dition. In addition, because overweight and obese per-
sons are more likely to have undiagnosed diabetes
(23), the modifying effect of BMI may be partly

attributable to misclassification of diabetes status
among these participants.

Another limitation is that our results may reflect
bias due to increased surveillance of persons with
diabetes. A similar bias was posited by Horwitz and
Feinstein (24), whereby women on hormone replace-
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merit therapy were subject to increased surveillance
that may have resulted in earlier detection of asymp-
tomatic endometrial adenocarcinoma. To evaluate the
possibility that diabetics were more likely to receive a
diagnosis of endometrial cancer, we determined
whether cases were diagnosed with an earlier stage of
the disease if they were diabetic. A similar proportion
of cases with diabetes (83 percent) and without diabe-
tes (78 percent) were diagnosed with localized disease
(p — 0.4). Thus, more frequent health surveillance of
persons with diabetes is unlikely to have introduced
bias into these analyses. Furthermore, there is no rou-
tine screening test for endometrial cancer; 90 percent
of women with this cancer present with postmeno-
pausal bleeding (25). Thus, increased surveillance is
unlikely.

The strong interaction between BMI and diabetes
observed in this study supports the hypothesis that
hyperinsulinemia may be an etiologic factor in endo-
metrial carcinogenesis, as has been proposed for other
cancers (16-19, 26-29). Potischman et al. (30) have
suggested that insulin may be a relevant factor in
explaining the strong associations between body size,
adiposity, and risk of endometrial cancer. They report
that after controlling for endogenous sex hormones
and sex hormone binding globulin, risk estimates for
measures of body size and adiposity remained essen-
tially the same, and they suggest that unopposed es-
trogen alone may not explain fully the body size/body
fat associations with endometrial cancer. Interestingly,
a subsequent investigation in this population using
measurements of C-peptide (an indicator of insulin
secretion) did not support an etiologic role of hyper-
insulinemia (31). In women reporting no history of
diabetes, no association was observed between C-peptide
levels and risk of endometrial cancer after adjusting for
BMI, waist-to-thigh ratio, and other factors (31).

Pathophysiologic levels of insulin may be causally
related to endometrial cancer as a result of several
interrelated mechanisms. Insulin may act as an endo-
metrial mitogen by augmenting the proliferative ef-
fects of insulin-like growth factors (32-36). However,
an understanding of the role of growth factors in
endometrial carcinogenesis is incomplete (37), and
data from human studies on the relation between hy-
perinsulinemia and the insulin-like growth factor sys-
tem in the etiology of endometrial cancer remain in-
conclusive (38). Insulin may also operate through its
associations with decreased levels of sex hormone
binding globulin and increased levels of testosterone
(29, 39-42), resulting in elevated levels of free estro-
gen. With regard to the hyperinsulinemia hypothesis,
use of sulfonylureas, hypoglycemic agents that stim-
ulate insulin secretion (43), is of interest.

The modifying effect of BMI on the relation be-
tween diabetes and endometrial cancer observed in
this study may be a marker of some of the metabolic
abnormalities that are highly correlated with body size
and adiposity (44-46). NIDDM is the result of com-
plex interactions between impaired insulin secretion,
reduced glucose disposal in insulin-sensitive tissues,
and dysregulation of hepatic glucose production (47).
Large interindividual variation exists in the metabolic
abnormalities that precede glucose intolerance and
hyperglycemia. It is generally believed that insulin
insensitivity with compensatory increases in insulin
secretion precedes hyperglycemia and that prolonged
hypersecretion of insulin leads to pancreatic beta cell
dysfunction with a concomitant decrease in insulin
secretion (47, 48). Insulin sensitivity (49) and insulin
levels (50, 51) appear to vary according to body size,
although there is much heterogeneity in this associa-
tion (52). Thus, women with diabetes who are not
obese may not have an increased risk of endometrial
cancer, because they were not exposed to the same
level of insulin as obese diabetic women. In our study,
nonoverweight subjects reported significantly lower
minimum and maximum weights since age 20 years
compared with overweight and obese participants
(data not shown). The lower weights maintained by
nonoverweight diabetic subjects may have resulted in
relatively lower levels of circulating insulin compared
with overweight and obese diabetic subjects.

In this study, a long duration of diabetes (>14
years) was not associated with a risk of endometrial
cancer. This finding is intriguing given the strong
age-independent relation between duration and other
chronic diseases (53-57). Concerning the insulin hy-
pothesis, it may be expected that endometrial cancer
risk would decrease with increasing duration given the
inverse association between duration and insulin se-
cretion in persons with NIDDM. Our data suggest this
trend. However, meaningful associations would be
difficult to detect without information on the use of
hypoglycemic agents. These drugs act differently to
reduce glucose levels (58), and mode of action may be
relevant to circulating insulin levels. Alternatively, it
is possible that among subjects with diabetes of long
duration, weight loss associated with poor glycemic
control may offset the adverse effects of other meta-
bolic aspects of diabetes. In this study, a modest age-
independent, inverse correlation between BMI and
duration was statistically significant in diabetic sub-
jects (r = -0.23, p = 0.0005).

Important characteristics of diabetes that may differ
between cases and controls and may be related to
weight, including measures of abdominal adiposity,
use of hypoglycemic agents, levels of endogenous
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insulin, and degree of glycemic control, could not be
accounted for in our study. This limitation makes it
difficult to separate the effects of weight from other
metabolic aspects of diabetes when determining its
relation to risk of endometrial cancer. Future studies
will benefit from measuring these parameters where
possible. Nevertheless, our data show that the relation
of diabetes to endometrial cancer is modified by body
size. For women who are not obese, diabetes itself
appears to confer no additional risk.

ACKNOWLEDGMENTS

This work was supported in part by grants from the
American Cancer Society (ACS PDT-446) and the National
Cancer Institute (CA 47147 and CA 47785).

The authors thank Drs. Barry Storer and Amy Trentham-
Dietz for analytical assistance, Dr. Ronald Klein for helpful
comments on an earlier draft, and Mary Pankratz for tech-
nical assistance.

REFERENCES

1. Geraci P, Manucuso A, Maggio S, et al. Risk factors of
endometrial cancer in Palermo. Clin Exp Obstet Gynecol
1988;XV: 129-33.

2. La Vecchia C, Decarli A, Fasoli M, et al. Nutrition and diet in
the etiology of endometrial cancer. Cancer 1986;57:1248-53.

3. Shapiro S, Kaufman DW, Slone D, et al. Recent and past use
of conjugated estrogens in relation to adenocarcinoma of the
endometrium. N Engl J Med 1980;303:485-9.

4. Jelovsek FR, Hammond CB, Woodard BH, et al. Risk of
exogenous estrogen therapy and endometrial cancer. Am J
Obstet Gynecol 1980;137:85-91.

5. Spengler RF, Clarke EA, Woolever CA, et al. Exogenous
estrogens and endometrial cancer a case-control study and
assessment of potential biases. Am J Epidemiol 1981 ;114:
497-506.

6. Schenker JG, Tal J. Adenocarcinoma of the endometrium in
Israel, 1960-1968. Cancer 1980;46:2752-8.

7. McDonald TW, Annegers JF, O'Fallon WM, et al. Exogenous
estrogen and endometrial carcinoma: case-control and inci-
dence study. Am J Obstet Gynecol 1997,127:572-9.

8. Rubin GL, Peterson HB, Lee NC, et al. Estrogen replacement
therapy and the risk of endometrial cancer remaining contro-
versies. Am J Obstet Gynecol 1990,162:148-54.

9. Schenker JG, Birkenfeld A, Schwartz S. Endometrial cancer
in Israel, 1969-1975. Lit J Gynaecol Obstet 1982;20:455-61.

10. La Vecchia C, Negri E, Franceschi S, et al. A case-control
study of diabetes mellitus and cancer risk. Br J Cancer 1994;
70:950-3.

11. Brinton LA, Berman ML, Mortel R, et al. Reproductive,
menstrual, and medical risk factors for endometrial cancer
results from a case-control study. Am J Obstet Gynecol 1992;
167:1317-25.

12. Kelsey JL, LiVoIsi VA, Holford TR, et al. A case-control
study of cancer of the endometrium. Am J Epidemiol 1982;
116:333-42.

13. Elwood JM, Cole P, Rothman KJ, et al. Epidemiology of
endometrial cancer. J Natl Cancer Inst 1997,59:1055-60.

14. Pi-Sunyer FX. Weight and non-insulin-dependent diabetes
mellitus. Am J Clin Nutr 1996;63(suppl):426S-9S.

15. Hill HA, Austin H. Nutrition and endometrial cancer. Cancer
Causes Control 1996;7:19-32.

16. Giovannucci E. Insulin and colon cancer. Cancer Causes Con-
trol 1995;6:164-9.

17. McKeown-Eyssen G. Epidemiology of colorectal cancer
revisited: are serum triglycerides and/or plasma glucose asso-
ciated with risk? Cancer Epidemiol Biomarkers Prev 1994;3:
687-95.

18. Kaaks R. Nutrition, hormones, and breast cancer is insulin the
missing link? Cancer Causes Control 1996;7:605-25.

19. Stoll BA. Nutrition and breast cancer risk: can an effect via
insulin resistance be demonstrated? Breast Cancer Res Treat
1996;38:239-46.

20. Najjar MF, Rowland M. Anthropometric reference data and
prevalence of overweight, United States, 1976-80. Hyatts-
ville, MD: National Center for Health Statistics, 1987. (Vital
health statistics, series 11: data from the National Health
Survey, no. 238). (DHHS publication no. (PHS) 87-1688).

21. Breslow NE, Day NE, eds. Statistical methods in cancer
research. Vol. 1. The analysis of case-control studies. Lyon,
France: International Agency for Research on Cancer, 1980.
(IARC scientific publication no. 32).

22. Hadden WC, Harris MI. Prevalence of diagnosed diabetes,
undiagnosed diabetes, and impaired glucose tolerance in
adults 20-74 years of age, United States, 1976-1980. Hyatts-
ville, MD: National Center for Health Statistics, 1987. (Vital
and health statistics, series 11: data from the National Health
Survey, no. 237). (DHHS publication no. (PHS) 87-1687).

23. Herman WH, Smith PJ, Thompson TJ, et al. A new and simple
questionnaire to identify people at increased risk for undiag-
nosed diabetes. Diabetes Care 1995;18:382-7.

24. Horwitz RI, Feinstein AR. Estrogens and endometrial cancer.
Responses to arguments and current status of an epidemio-
logic controversy. Am J Med 1986;81:503-7.

25. Burke TW, Morris M. Adenocarcinoma of the endometrium.
In: Copeland LJ, ed. Textbook of gynecology. Philadelphia,
PA: WB Saunders, 1993:1014-33.

26. Brunning PF, Bonfrer JMG, van Noord PAH, et al. Insulin
resistance and breast-cancer risk. Int J Cancer 1992;52:
511-16.

27. Everhart J. Diabetes mellitus as a risk factor for pancreatic
cancer. JAMA 1995 ;273:1605-9.

28. Cerhan JR, Wallace RB, Folsom AR, et al. Medical history
risk factors for non-Hodgkin's lymphoma in older women.
J Natl Cancer Inst 1997;89:314-18.

29. Nagamani M, Hannigan EV, Van Dinh T, et al. Hyperinsu-
linemia and stromal luteinization of the ovaries in postmeno-
pausal women with endometrial cancer. J Clin Endocrinol
Metab 1988;67:144-8.

30. Potischman N, Hoover RN, Brinton LA, et al. Case-control
study of endogenous steroid hormones and endometrial can-
cer. J Natl Cancer Inst 1996;88:1127-35.

31. Troisi R, Potischman N, Hoover RN, et al. Insulin and endo-
metrial cancer. Am J Epidemiol 1997;146:476-82.

32. Menon RK, Sperling MA. Insulin as a growth factor. Endo-
crinol Metab Clin North Am 1996;25:633-47.

33. Van Obberghen E. Signalling through the insulin receptor and
the insulin-like growth factor-I receptor. Diabetologia 1994;
37(suppl):S 125-34.

34. Straus DS. Growth-stimulatory actions of insulin in vitro and
in vivo. Endocr Rev 1984;5:356-69.

35. Rutanen EM, Nyman T, Lehtovirta P, et al. Suppressed ex-
pression of insulin-like growth factor binding protein-1
mRNA in the endometrium: a molecular mechanism associ-
ating endometrial cancer with its risk factors. Int J Cancer
1994;59:307-12.

36. Nagamani M, Stuart CA, Dunhardt PA, et al. Specific binding
sites for insulin and insulin-like growth factor I in human
endometrial cancer. Am J Obstet Gynecol 1991; 165:1865—71.

37. Murphy LJ. Growth factors and steroid hormone action in
endometrial cancer. J Steroid Biochem Mol Biol 1994;48:
419-23.

Am J Epidemiol Vol. 148, No. 3, 1998

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/148/3/234/64408 by guest on 20 August 2022



240 Shoff and Newcomb

38. Rutanen EM, Stenman S, Blum W, et al. Relationship between
carbohydrate metabolism and serum insulin-like growth factor
system in postmenopausal women: comparison of endometrial
cancer patients with healthy controls. J Clin Endocrinol Metab
1993;77:199-204.

39. Poretsky L, Kalin MF. The gonadotropic function of insulin.
EndocrRev 1987;8:132-41.

40. Haffner SM. Sex hormone-binding protein, hyperinsulinemia,
insulin resistance and noninsulin-dependent diabetes. Horm
Res 1996;45:233-7.

41. Haffner SM, Dunn JF, Katz MS. Relationship of sex hormone-
binding globulin to lipid, lipoprotein, glucose and insulin
concentrations in postmenopausal women. Metabolism 1992;
41:278-84.

42. Soler JT, Folsom AR, Kaye SA, et al. Associations of abdom-
inal adiposity, fasting insulin, sex hormone-binding globulin
and estrone with lipids and lipoproteins in postmenopausal
women. Atherosclerosis 1989;79:21-7.

43. Ashcroft FM. Mechanisms of the glycaemic effects of sulfo-
nylureas. Horm Metab Res 1996;28:456-63.

44. Zamboni M, Armellini F, Cominacini L, et al. Obesity and
regional body-fat distribution in men: separate and joint rela-
tionships to glucose tolerance and plasma lipoproteins. Am J
Clin Nutr 1994;60:682-7.

45. Kissebah AH. Intra-abdominal fat: is it a major factor in
developing diabetes and coronary artery disease? Diabetes Res
Clin Pract 1996;30(suppl):25-30.

46. Kopelman PG. Hormones and obesity. Baillieres Clin Endo-
crinol Metab 1994;8:54?-75.

47. Reaven GM. Pathophysiology of insulin resistance in human
disease. Physiol Rev 1995;75:473-86.

48. Lillioja S. Impaired glucose tolerance in Pima Indians. Diabet
Med 1996; 13(suppl):S 127-32.

49. Kahn SE, Prigeon RL, McCulloch DK, et al. Quantification of

the relationship between insulin sensitivity and beta-cell func-
tion in human subjects. Evidence for a hyperbolic function.
Diabetes 1993;42:1663-72.

50. Kahn SE, Leonetti DL, Prigeon RL, et al. Relationship of
proinsulin and insulin with noninsulin-dependent diabetes
mellitus and coronary heart disease in Japanese-American
men: impact of obesity—clinical research center study. J Clin
Endocrinol Metab 1995;80:1399-406.

51. Reaven GM, Chen YD, Hollenbeck CB, et al. Plasma insulin,
C-peptide, and proinsulin concentrations in obese and non-
obese individuals with varying degrees of glucose tolerance.
J Clin Endocrinol Metab 1993;76:44-8.

52. Cerasi E. Insulin deficiency vs. insulin resistance in NIDDM:
concluding remarks by a 'biased' observer. Diabet Med 1996;
13(suppl):S161-4.

53. Lento S, Ronnemaa T, Pyorala K, et al. Risk factors predicting
lower extremity amputations in patients with NIDDM. Diabe-
tes Care 1996; 19:607-12.

54. Niskanen LK, Penttila I, Parviainen M, et al. Evolution, risk
factors, and prognostic implications of albuminuria in
NIDDM. Diabetes Care 1996; 19:486-93.

55. Moss SE, Klein R, Klein BE. Long-term incidence of lower-
extremity amputations in a diabetic population. Arch Fam
Med 1996;5:391-8.

56. Klein BE, Klein R, Wang Q, et al. Older-onset diabetes and
lens opacities. The Beaver Dam Eye Study. Ophthalmic Epi-
demiol 1995;2:49-55.

57. Wang SL, Head J, Stevens L, et al. Excess mortality and its
relation to hypertension and proteinuria in diabetic patients.
The World Health Organization Multinational Study of Vas-
cular Disease in Diabetes. Diabetes Care 1996;19:305-12.

58. Gerich JE. Pathogenesis and treatment of type 2 (noninsulin-
dependent) diabetes mellitus (NIDDM). Horm Metab Res
1996;28:404-12.

Am J Epidemiol Vol. 148, No. 3, 1998

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/148/3/234/64408 by guest on 20 August 2022


