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OBJECTIVEdEpidemiological evidence of diabetes as a lung cancer risk factor is limited and
conﬂicting. Therefore, we assessed associations among diabetes, diabetes therapy, and lung
cancer risk in postmenopausal women participating in the Women’s Health Initiative (WHI)
study.
RESEARCH DESIGN AND METHODSdPostmenopausal women (n = 145,765), ages
50–79 years, including 8,154 women with diabetes at study entry were followed for a mean of 11
years with 2,257 lung cancers diagnosed. Information on diabetes therapy was collected via two
methods (self-reported information on treatment history collected on a questionnaire at baseline
and a face-to-face review of current medication containers that participants brought to the
baseline visit). Lung cancers were conﬁrmed by central medical record and pathology report
review. Cox proportional hazards regression models adjusted for lung cancer risk factors were
used to estimate hazard ratios (HRs) (95% CI) for diagnosis of diabetes and treatment of disease
as risk factors for lung cancer.
RESULTSdCompared with women without diabetes, women with self-reported treated diabetes had a signiﬁcantly higher risk of lung cancer (HR 1.27 [95% CI 1.02–1.59]), with risks
increasing for women with diabetes requiring insulin treatment (1.71 [1.15–2.53]). However, we
did not observe a signiﬁcant association between lung cancer risk and diabetes not treated with
medication or with duration of diabetes.
CONCLUSIONSdPostmenopausal women with treated diabetes, especially those using insulin, have a signiﬁcantly higher risk of lung cancer. The inﬂuence of diabetes severity and
speciﬁc classes of therapy for diabetes on lung cancer risk require future study.

T

he prevalence of diabetes has been
rapidly growing worldwide and has
become a major public health concern. Epidemiological studies have shown
that diabetes is associated with increased
risk of several types of cancer, notably liver,
pancreatic, endometrial, and colorectal
cancers (1).
Lung cancer is the leading cause of
cancer-related death globally and in the U.S.
(2). Preclinical studies support a role for diabetes and/or hyperglycemia in lung cancer
development and growth (3–8). However,

epidemiological evidence on the association of diabetes with lung cancer is limited
and conﬂicting (1). Whereas some studies
have reported signiﬁcant (9) or nonsigniﬁcant higher risks of lung cancer associated
with diabetes (10–13), especially among
women (12,13), others have reported an
inverse association between diabetes and
lung cancer (14–17). These inconsistent results could stem from a number of factors
including small sample size, different study
design, or potential misclassiﬁcation of exposures or confounding.
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The primary barrier to a more clear
understanding of the association has been
the lack of prospective studies of sufﬁcient size and duration. The Women’s
Health Initiative (WHI) is well positioned
to overcome this barrier: it is a large prospective cohort study of postmenopausal
women in which detailed information on
diabetes and potential risk factors was
collected at baseline, with 2,257 lung cancer cases adjudicated by centrally trained
physicians through September 2010. In
this study, we assessed associations
among diabetes, diabetes therapy, and
lung cancer risk in women participating
in the WHI.
RESEARCH DESIGN AND
METHODS
Women’s Health Initiative
The WHI was designed to address the
major causes of morbidity and mortality
in postmenopausal women (18), including both multicenter clinical trials and an
observational study. Details of the scientiﬁc rationale, eligibility requirements,
and baseline characteristics of the participants in the WHI have previously been
published (19–23). Brieﬂy, a total of
161,808 women ages 50–79 years were
recruited at 40 clinical centers throughout the U.S. between 1 September 1993
and 31 December 1998. The WHI clinical
trial includes four overlapping components: two hormone therapy trials
(27,347 women), a dietary modiﬁcation
trial (48,835 women), and a calcium/vitamin
D supplementation trial (36,282 women).
Participants in the observational study
included 93,676 women who were
screened for the clinical trials but proved
to be ineligible or unwilling to participate
or were recruited through a direct invitation for the observational study. The
study was overseen by institutional review boards at all 40 clinical centers and
at the coordinating center, as well as by a
study-wide data- and safety-monitoring
board. All WHI participants gave informed signed consent.
The following participants were excluded from the original cohort of 161,808
for this analysis: 14,849 women who had
a history of cancer (except nonmelanoma
skin cancer) at baseline, 783 women who

care.diabetesjournals.org

DIABETES CARE

Diabetes Care Publish Ahead of Print, published online May 22, 2012

1

Diabetes and lung cancer
enrolled in WHI but provided no followup information, 217 women who were
diagnosed with diabetes before age 20
years and/or who were ever hospitalized
for diabetic coma (these were deemed
likely to have type 1 diabetes diagnosis
and not comparable), and 194 women
who had missing values of the main
exposures (including diagnosis of diabetes, age at diagnosis, and diabetes treatment). After exclusions, 145,765 women
remained for further analysis.
Measurement of exposures,
outcome, and confounders
Exposures. Prevalence of diabetes at
enrollment was deﬁned by a positive
answer to the following question: “Did a
doctor ever say that you had sugar diabetes or high blood sugar when you were
not pregnant?”. Treated diabetes at enrollment was deﬁned as the participant reporting ever having been treated for
diabetes with pills or insulin shots. Information on diabetes drug therapy was collected at baseline, when women were
instructed to bring all medications that
they had used at least once in the previous
2 weeks for review. All medications were
matched to the Master Drug DataBase
(MDDB; Medi-span, Indianapolis, IN).
Women with diabetes were categorized
into four mutually exclusive groups based
on the drug inventory information: 1) no
diabetes medication, 2) metformin alone
use, 3) other oral medication use alone
(without insulin), and 4) insulin use
(alone and with oral medication). Thus,
for example, if the inventory listed both
metformin and insulin, we grouped it into
the insulin use group. The duration of diabetes at enrollment was based on the difference between age of the participant
when ﬁrst diagnosed with diabetes and
age at enrollment. Self-reported type of
treatment for diabetes at enrollment was
also created by combining the self-reported
variables at enrollment: diabetes status and
treatment information for diabetes. It was
categorized as 1) no diabetes, 2) diabetes
not treated with medication, 3) diabetes
treated with oral medications alone, and
4) diabetes treated with insulin (alone and
with oral medication).
Incidence of medically treated diabetes was also determined during WHI
follow-up. The deﬁnition of incident diabetes was a positive response to the
question on either the semiannual or
annual follow-up questionnaires: “Since
the date given on this form has a doctor
prescribed for the ﬁrst time any of the
2
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following pills or treatments?”, and subsequent selection of any of the following
responses: pills for diabetes, insulin shots
for diabetes, or (after 2005) diet and/or
physical activity for diabetes.
Diagnosis of diabetes based on participant self-report was previously evaluated and deemed reliable. A validation
study using a randomly selected sample of
baseline specimens from the entire WHI
population has shown that fasting glucose
levels $126 mg/dL were seen in 3.4% of
5,884 women without self-reported diabetes. In the clinical trials, 79% of women
who self-reported treated diabetes
at baseline had a diabetes medication
in the baseline medication inventory. The
corresponding ﬁgure for the observational
study was 77% (24). In addition, a recent
validation study using 715 medical record
reviews conﬁrmed 92% of self-reported
prevalent diabetes and 82% of self-reported
incident diabetes. Evidence of diabetes was
found in only 5% of women who did not
report diabetes (25).
Follow-up and ascertainment of cases.
Incident lung cancer cases were identiﬁed
by self-administered questionnaires (administered every 6 months in the clinical
trial through 2005 and annually in the
clinical trial after 2005 and in observational study), with all cases conﬁrmed by
medical record review. All primary lung
cancer cases were then coded centrally in
accordance with the Surveillance Epidemiology and End Results coding guidelines (ICD-O code 34.0–34.9).
Confounders. In the multivariable models, we considered a series of potential
confounders based on literature, which
were also similar to those considered in a
previous publication (26), including age
at enrollment (,55, 55–59, 60–64, 65–
69, 70–74, and $75 years), ethnicity
(American Indian or Alaska Native, Asian
or Paciﬁc Islander, Black or African
American, Hispanic/Latino, non-Hispanic
white, and other), education (high school
or less, some college/technical training,
college or some postcollege, and Master’s
or higher), smoking status (never, former
[including years since quitting: $30, 20–29,
10–19, and ,10], and current [including
cigarettes smoked per day: ,5, 5–14, 15–
24, and $ 25]), BMI (,18.5, 18.5–24.9,
25.0–29.9, 30.0–34.9, 35.0–39.9, and
$40 kg/m2), waist-to-hip ratio (in quintiles), recreational physical activity (total
METs per week: ,5, 5 to ,10, 10 to
,20, 20 to ,30, and $30), alcohol intake
(nondrinker, past drinker, ,1 drink/month,
and current drinker [including frequency:

,1 drink/month, 1 drink/month to ,1
drink/week, 1 to ,7 drinks/week, and
$7 drinks/week]), total energy intake (kilocalories in quintiles), percent calories
from fat (in quintiles), total fruit intake
(median portion, in quintiles), total vegetable intake (median portion in quintiles),
and history of hormone therapy use
(none, estrogen alone, estrogen and progestin, and mixed).
Statistical analysis
For the distribution of demographic characteristics by diabetes status, x2 tests were
used to evaluate differences for categorical covariates, and t tests were used for
continuous variables. Cox proportional
hazards regression models were used to
estimate hazard ratios (HRs) (95% CI)
for the association between diabetes and
risk of lung cancer. The underlying time
metric in the Cox model is follow-up time
since enrollment to the following end
points: ﬁrst lung cancer diagnosis, date
of death, loss to follow-up (including
nonparticipation in the extension study),
or end of clinical trial or observational
study follow-up (30 September 2010)d
whichever occurred ﬁrst. In the multivariable
models, we adjusted for age, ethnicity, education, smoking status, BMI, waist-to-hip
ratio, alcohol consumption, physical activity, total energy intake, percent calories
from fat, total fruit intake and total vegetable intake, history of hormone therapy
use, and different treatment assignments
in clinical trials (estrogen plus progestin
vs. placebo, estrogen alone vs. placebo,
or low-fat eating pattern vs. usual diet).
Different study cohorts (participation in
observational study or clinical trials and
different treatment assignments for all
three clinical trials) were treated as strata
in the model in order to take into account
possible different baseline hazards in different subgroups and treatment effects.
The effect of exposure was examined
in different ways. The primary analysis
was focused on prevalent diabetes only as
an exposure, including diabetes status,
treatment of diabetes, and duration of
prevalent diabetes at enrollment. In the
secondary analysis, we considered all diabetes as an exposure, including incident
diabetes newly occurring during WHI
follow-up. In all analyses including incident diabetes, a time-dependent covariate was generated by taking into account
changes in diabetes status during followup. That is, we considered women in the
nondiabetic group until they were identiﬁed as having new-onset diabetes. Two
care.diabetesjournals.org
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sensitivity analyses were performed: one
analyzed self-reported type of treatment
for diabetes; the other further adjusted for
other comorbidities, including hypertension, high cholesterol, and cardiovascular
disease.
In addition, since lung cancer is so
strongly related to tobacco smoking, we
also performed our analyses stratiﬁed by
smoking status. Interactions between diabetes and smoking, and diabetes and
hormone therapy use, were tested by entering cross-product terms into the multiplicative models. The proportionality
assumption was satisﬁed for all exposure
variables of interest and potential confounding variables based on graphs of
scaled Schoenfeld residuals (27). All statistical analyses were conducted using SAS
(version 9.2; SAS Institute, Cary, NC).
RESULTSdBaseline characteristics by
diabetes status at enrollment are shown in
Table 1. Compared with women without
diabetes, women with diabetes were signiﬁcantly more likely to be older and have
higher BMI, waist-to-hip ratio, physical
inactivity, total daily energy intake, and
percent calories from fat and were signiﬁcantly less likely to be white (nonHispanic), have graduated from college,
currently drink, ever have smoked, report
history of estrogen plus progestin hormone therapy use, and report a family history of cancer (all P values ,0.05). Among
8,154 (5.6%) women with diabetes,
24.6% reported no pharmacologic treatment for diabetes and 75.4% reported diabetes treated with pills or insulin shots
(47.8% reporting a history of treatment
with oral medications only and 27.6%
reporting a history of treatment with insulin). According to type of drugs in the
current medication inventory at baseline,
39.5% were not treated, 11.4% were treated
with metformin alone, 32.0% were treated
with other oral medications, and 17.1%
were treated with insulin alone or in combination with other drugs (Table 1).
Self-reported diabetes diagnosed at
enrollment was not signiﬁcantly associated with risk of lung cancer (HR 1.09
[95% CI 0.89–1.33]) after adjustment for
potential confounders (Table 2). However, women with self-reported treated
diabetes had a 27% (95% CI 2–59) excess
risk of lung cancer. When diabetes at enrollment was further divided by type of
treatments according to the medication
inventory, women with diabetes requiring insulin treatment had a signiﬁcantly
higher risk of lung cancer (HR 1.71 [95%
care.diabetesjournals.org

Table 1dBaseline characteristics of participants by diabetes status among 145,765
women at WHI enrollment
Variable
Total number of women
Age at baseline (years), mean
White, non-Hispanic ethnicity
College graduate or above education
BMI (kg/m2), mean
Waist-to-hip ratio
Physical activity (METs/week), mean
Total energy intake (kcal/day), mean
Percent calories from fat (%)
Daily fruit consumption (median portion)
Daily vegetable consumption (median portion)
Smoking status
Never smokers
Former smokers
Current smokers
Alcohol intake
Nondrinker
Past drinker
Current drinker
History of hormone therapy use
None
Estrogen alone
Estrogen and progestin
Mixed
Family history of cancer (%)
Self-reported diabetes treatment**
Not treated with medication
Treated with pills or insulin shots
Type of diabetes drugs in medication inventory***
No diabetes medication
Metformin alone
Other oral medication alone
Insulin (alone or with oral medication)

No diabetes

Diabetes

P*

137,611 (94.4)
63.0
114,751 (83.4)
54,999 (40.0)
27.7
0.81
12.6
1,627.5
32.6
1.9
2.2

8,154 (5.6)
64.3
5,318 (65.2)
2,219 (27.2)
32.1
0.87
9.2
1,651.2
35.1
1.9
2.1

,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
0.01
,0.0001
0.89
0.10

69,652 (50.6)
56,790 (41.3)
9,433 (6.9)

4,183 (51.3)
3,287 (40.3)
534 (6.6)

,0.0001

14,465 (10.5)
23,551 (17.1)
98,584 (71.6)

1,477 (18.1)
3,178 (39.0)
3,403 (41.7)

,0.0001

58,689 (42.7)
40,854 (29.7)
30,193 (21.9)
7,875 (5.7)
64,071 (46.6)

4,486 (55.0)
2,414 (29.6)
1,007 (12.4)
247 (3.0)
3,721 (44.5)

,0.0001
,0.0001

NA
NA

2,008 (24.6)
6,146 (75.4)

NA
NA
NA

3,222 (39.5)
926 (11.4)
2,605 (32.0)
1,401 (17.2)

Data are n (%) unless otherwise indicated. *A x2 test was used to evaluate differences for categorical covariates, and t test was used for continuous variables. **The type of medications reported by the participant
on baseline questionnaire. (Categories are mutually exclusive.) ***The types of medications brought to the
baseline medication inventory. (Categories are mutually exclusive.)

CI 1.15–2.53]) compared with women
without diabetes, as did those who selfreported use of insulin (1.45 [1.04–
2.04]). However, there was no signiﬁcant
association between duration of diabetes
and lung cancer risk (Table 2). Elevated
risk was noted when considering treated
diabetes at baseline and diagnosed during
follow-up, but it did not reach statistical
signiﬁcance (1.12 [0.95–1.31] for treated
diabetes). We also examined the impact
of BMI and waist-to-hip ratio on the
strength of the association between diabetes and lung cancer, comparing analyses
adjusted and unadjusted for these factors,
and observed that the strength of the association was nearly identical before and
after adjustment for BMI and waist-to-hip
ratio. Since other comorbidities, including

hypertension, high cholesterol, and cardiovascular disease, could be mediators, we
did not adjust for these factors in our primary models. However, we did a sensitivity
analysis by further adjusting for these factors and found that the results were attenuated slightly, but the risk of lung cancer
associated with diabetes requiring insulin
treatment remained signiﬁcant (1.61
[1.08–2.39]).
We further performed analyses stratiﬁed by smoking status (Table 3). The
overall ﬁndings among never smokers
were generally similar to those of the entire population, except that there was a
statistically signiﬁcant association of selfreported treatment with oral medications
and lung cancer. However, the risk estimates had wide CIs, due to small sample
DIABETES CARE
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Table 2dHRs (95% CI) for lung cancer incidence associated with diabetes status and
treatment of diabetes at baseline

Exposure
Diabetes
No
Yes
Treated diabetes
No
Yes
Type of diabetes drugs
in medication inventory
No diabetes medication
Metformin alone
Other oral medication alone
Insulin (alone or with
oral medication)
Duration of diabetes (years)
,6
$6

Lung cancer
cases

Personyears

Age-adjusted
HR (95% CI)

Multiple-adjusted
HR (95% CI)

1,843
108

1,585,235
1
1
82,787 1.10 (0.90–1.33) 1.09 (0.89–1.33)

17
91

21,797 0.64 (0.40–1.04) 0.64 (0.40–1.04)
60,990 1.26 (1.02–1.56) 1.27 (1.02–1.59)

33
13
36

33,852 0.82 (0.58–1.15) 0.79 (0.56–1.12)
8,879 1.22 (0.71–2.11) 1.32 (0.76–2.28)
26,469 1.13 (0.81–1.57) 1.13 (0.81–1.58)

26

13,587 1.67 (1.13–2.45) 1.71 (1.15–2.53)

55
53

39,260 1.20 (0.91–1.56) 1.23 (0.93–1.61)
43,527 1.01 (0.77–1.32) 0.98 (0.74–1.29)

In multivariable models, we adjusted for age at enrollment (,55, 55–59, 60–64, 65–69, 70–74, and $75
years), ethnicity (American Indian or Alaska Native, Asian or Paciﬁc Islander, black or African American,
Hispanic/Latino, non-Hispanic white, and other), education (high school or less, some college/technical
training, college or some postcollege, and Master’s or higher), smoking status (never, former [including years
since quitting: $30, 20–29, 10–19, and ,10], and current [including cigarettes smoked per day: ,5, 5–14,
15–24, and $25]), BMI (,18.5, 18.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9, and $40 kg/m2), waist-tohip ratio (in quintiles), recreational physical activity (total METs per week: ,5, 5 to ,10, 10 to ,20, 20 to
,30, and $30), alcohol intake (nondrinker, past drinker, ,1 drink per month, and current drinker [including frequency: ,1 drink per month, 1 drink/month to ,1 drink/week, 1 to ,7 drinks/week, and $7
drinks/week]), total energy intake (kilocalories in quintiles), percent calories from fat (in quintiles), total fruit
intake (median portion in quintiles) and total vegetable intake (median portion in quintiles), history of
hormone therapy use (none, estrogen alone, estrogen and progestin, and mixed), and different treatment
assignments for clinical trials.

sizes. Among ever smokers, only women
who had insulin in their medication inventory had a signiﬁcantly elevated risk of
lung cancer. In addition, we did not observe that the association between treated
diabetes and lung cancer was signiﬁcantly
modiﬁed by smoking (Table 3) or hormone
therapy use (P for interaction = 0.8, data
not shown).
Compared with lung cancers in women
using metformin, lung cancers in insulin
users were somewhat more likely to be non–
small-cell lung cancer, to be localized, and to
be well differentiated. However, none of
these differences were signiﬁcant, due to
small sample size (Table 4). We also repeated
all analyses for non–small-cell lung cancer
only and found results similar to those for
overall lung cancer (data not shown).
CONCLUSIONSdIn this large prospective study in postmenopausal women,
women with treated diabetes, especially
those requiring insulin, had signiﬁcantly
higher risk of lung cancer. The risk of lung
cancer did not differ signiﬁcantly by duration of diabetes.
4
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Previous epidemiological evidence on
the association of diabetes with lung
cancer is limited and conﬂicting (1).
Compared with that in persons without
diabetes, the relative risk of lung cancer in
persons with diabetes varied from a signiﬁcant positive association (9,28,29), or
no clear association (10–13,15,16), to a
signiﬁcant negative association (14,17).
However, in the two studies that reported a signiﬁcant negative association
(14,17), the study by Armstrong et al.
(14) measured standardized mortality ratio for lung mortality with the general
population as reference. The other study
(17) was conducted among U.S. veterans.
Both studies were unable to adjust for important confounders, such as BMI and
smoking habits. Among studies with no
clear association (10–13,15,16), two
were case-control studies (15,16); and
three studies had less than 10 cases among
women (11–13). Diabetes was self-reported
in all 11 identiﬁed studies but one, in
which the diagnosis of diabetes was based
on hospital discharge records (17). Saydah
et al. (11) examined abnormal glucose

tolerance and the risk of cancer death
and found a nonsigniﬁcant increase in
risk of lung cancer mortality for participants with impaired glucose tolerance
(HR 1.57 [95% CI 0.70–3.54]) compared
with participants who had normal glucose
tolerance. To our knowledge, this is the
ﬁrst prospective study to examine whether
the risk of lung cancer incidence is associated with diabetes treatments or duration.
Our data show that women who were
treated for diabetes, especially those requiring insulin, appeared to have higher
risk of lung cancer. Patients with diabetes
begin to require insulin therapy when
endogenous insulin production declines,
and insulin is more commonly prescribed
in those with one or more comorbid
conditions that preclude the use of oral
medications (1). Thus, treated diabetes or
diabetes requiring insulin treatment may
serve as a marker of more severe diabetes,
which may have greater risk of cancer.
However, our study did not observe a
stronger association with longer duration
of diabetes (another marker of diabetes
severity). This suggests that lung cancer
risk may be more strongly inﬂuenced by
speciﬁc treatments. There are a variety of
different types and analogs of insulin that
may have different pharmacokinetic and
pharmocodynamic proﬁles (30). In addition, studies have reported that patients
who have type 2 diabetes and are exposed
to both sulfonylureas and exogenous insulin have a signiﬁcantly increased risk of
cancer-related mortality compared with
patients exposed to metformin (31,32).
Somewhat surprisingly, we observed
that women with diabetes who did not
use any medication treatment had a nonsigniﬁcantly lower lung cancer risk. It is
possible that women who did not use
medications for diabetes had lower lung
cancer risk related to unmeasured lifestyle
changes or that they visited doctors less
often and were thus less likely to have
lung cancer detected (surveillance bias).
In addition, our study observed that including incident diabetes status as an
exposure resulted in a weaker association
than results using baseline diabetes status
alone. Since newly diagnosed patients
with diabetes are more likely to be treated
with lifestyle or oral medications than
with insulin, addition of incident diabetes
cases would have been likely to weaken
the association with lung cancer.
Despite inconsistent epidemiological
evidence on the association of diabetes
and lung cancer, it is biologically plausible that diabetes could increase the risk of
care.diabetesjournals.org

Luo and Associates
Table 3dHRs (95% CI) for lung cancer incidence associated with diabetes status and treatment of diabetes at baseline stratiﬁed
by smoking status*
Never smokers
Exposure
Diabetes
No
Yes
Treated diabetes
No
Yes
Type of diabetes drugs in medication inventory
No diabetes medication
Metformin alone
Other oral medication alone
Insulin (alone or with oral medication)
Duration of diabetes (years)
,6
$6

Ever smokers

Case
subjects

Personyears

Multiple-adjusted
HR (95% CI)

Case
subjects

Personyears

Multiple- adjusted
HR (95% CI)

287
20

808,377
43,195

1
1.31 (0.82–2.11)

1,531
86

758,373
38,289

1
1.05 (0.83–1.31)

1
19

11,277
31,919

0.24 (0.03–1.73)
1.75 (1.07–2.86)

16
70

10,140
28,049

0.71 (0.43–1.17)
1.18 (0.92–1.51)

6
3
7
4

17,276
4,442
14,532
6,946

0.96 (0.43–2.18)
1.92 (0.61–6.06)
1.40 (0.65–3.02)
1.73 (0.63–4.73)

27
10
28
21

16,016
4,299
11,443
6,432

0.78 (0.53–1.14)
1.23 (0.66–2.31)
1.07 (0.73–1.57)
1.65 (1.06–2.56)

10
10

20,266
22,930

1.43 (0.75–2.72)
1.22 (0.64–2.33)

43
43

18,349
19,841

1.16 (0.85–1.59)
0.95 (0.70–1.30)

P for
interaction
0.6

0.3

0.9

0.5

*In multivariable models, we adjusted for age at enrollment (,55, 55–59, 60–64, 65–69, 70–74, and $75 years), ethnicity (American Indian or Alaska Native, Asian
or Paciﬁc Islander, black or African American, Hispanic/Latino, non-Hispanic white, and other), education (high school or less, some college/technical training,
college or some postcollege, and Master’s or higher), BMI (,18.5, 18.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9, and $40 kg/m2), waist-to-hip ratio (in quintiles),
recreational physical activity (total METs per week: ,5, 5 to ,10, 10 to ,20, 20 to ,30, and $30), alcohol intake (nondrinker, past drinker, ,1 drink per month,
and current drinker [including frequency: ,1 drink per month, 1 drink/month to ,1 drink/week, 1 to ,7 drinks/week, and $7 drinks/week]), total energy intake
(kilocalories in quintiles), percent calories from fat (in quintiles), total fruit intake (median portion in quintiles) and total vegetable intake (median portion in
quintiles), history of hormone therapy use (none, estrogen alone, estrogen and progestin, and mixed), and different treatment assignments for clinical trials. Former
smoking (including years since quitting: $30, 20–29, 10–19, and ,10) and current smoking status (including cigarettes smoked per day: ,5, 5–14, 15–24, and
$25) were also adjusted for in the models for ever smokers.

lung cancer (33). Studies have shown that
elevated insulin potentiates the activity of
IGF-I either via direct upregulation or indirectly through the downregulation of

IGF-binding protein 1 (34), which can
lead to higher risk of lung cancer (35). A
hospital-based case-control study also
detected a dose-dependent association

between plasma IGF-I levels and lung
cancer risk (36). In addition, it has been
proposed that hyperglycemia activates the
polyol pathway, increasing the production

Table 4dLung cancer characteristics by diabetes and type of treatment*

Lung cancer (total)
Non–small-cell lung cancer
Small-cell lung cancer
Unknown
Non–small-cell lung cancer histology
Large cell
Squamous cell
Adenocarcinoma
Unspeciﬁed
Non–small-cell lung cancer stage
Local
Regional
Distant metastases
Unknown
Non–small-cell lung cancer grade
Well differentiated
Moderately differentiated
Poorly differentiated
Anaplastic
Unknown

Women with diabetes

Women without
diabetes

Women with
diabetes

Not treated

Metformin

Insulin

Others

1,843
1,580 (85.7)
182 (9.9)
81 (4.4)

108
87 (80.6)
13 (12.0)
8 (7.4)

27 (81.8)
3 (9.1)
3 (9.1)

10 (76.9)
1 (7.7)
2 (15.4)

22 (84.6)
2 (7.7)
2 (7.7)

28 (77.8)
7 (19.4)
1 (2.8)

68 (4.3)
253 (16.0)
877 (55.5)
382 (24.2)

0 (0.0)
16 (18.4)
50 (57.5)
21 (24.1)

0 (0.0)
4 (14.8)
19 (70.4)
4 (14.8)

0 (0.0)
3 (30.0)
6 (60.0)
1 (10.0)

0 (0.0)
6 (27.3)
14 (63.6)
2 (9.1)

0 (0.0)
3 (10.7)
11 (39.3)
14 (50.0)

426 (27.0)
405 (25.6)
565 (35.8)
184 (11.7)

29 (33.3)
26 (29.9)
22 (25.3)
10 (11.5)

6 (22.2)
9 (33.3)
8 (29.6)
4 (14.8)

3 (30.0)
3 (30.0)
3 (30.0)
1 (10.0)

11 (50.0)
6 (27.3)
1 (4.6)
4 (18.2)

9 (32.1)
8 (28.6)
10 35.7)
1 (3.6)

164 (10.4)
336 (21.3)
352 (22.3)
41 (2.6)
687 (43.5)

12 (13.8)
15 (17.2)
25 (28.7)
1 (1.2)
34 (39.1)

3 (11.1)
6 (22.2)
10 (37.0)
0 (0.0)
8 (29.6)

1 (10.0)
3 (30.0)
3 (30.0)
0 (0.0)
3 (30.0)

4 (18.2)
4 (18.2)
7 (31.8)
1 (4.6)
6 (27.3)

4 (14.3)
2 (7.1)
5 (17.9)
0 (0.0)
17 (60.7)

Data are N (%). *Only the association between non–small-cell lung cancer histology and type of diabetes treatment was signiﬁcant (P = 0.04).
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of sorbitol, which in turn results in cellular
stress and a decrease in the intracellular antioxidant defenses (3). Studies also show
that inadequate glucose control is simultaneously associated with inﬂammation and
decreased lung function in diabetic patients
(4,5). The combination of these mechanisms may lead to an increase in cell damage and risk for lung cancer (6–8).
Strengths of our study include the
prospective cohort design and the large,
diverse population well characterized for
tobacco use and other potential confounders, including data on waist-to-hip ratio, a
better measure of lung cancer risk than
obesity (26). Limitations include lack of information on diabetes severity such as
HbA1C levels and information on diabetes
therapy only at baseline precluding adjustments over time for change in diabetes
management. Information on radon, asbestos, or occupational exposures was not
available. In addition, patients may change
their treatment plans during the course of
diabetes. Classifying treatment based on
the WHI current medication inventory collected at baseline would not capture these
treatment changes. However, if this exposure misclassiﬁcation is nondifferential, it
would bias our estimates of effect toward
the null. We do not have any reason to
suspect that patients who are destined to
develop lung cancer were more likely
to start insulin; thus, any misclassiﬁcation
is likely to have resulted in underestimating
the lung cancer risk associated with insulin
treatment. Finally, study of associations of
diabetes and lung cancer by cell type or
stage was limited by subgroup sample
size. Diabetes diagnoses were by ongoing
self-report and review of diabetes medication use rather than by medical record review. However, this approach has been
evaluated (24) and found to have high concordance with a gold standard based on
fasting glucose level and medical records.
In conclusion, postmenopausal women
with treated diabetes, especially those with
diabetes requiring insulin treatment, have a
signiﬁcantly increased risk of lung cancer.
More large prospective studies are needed to
examine whether the increased risk of lung
cancer among women with treated diabetes
is driven by speciﬁc types of oral diabetes
drugs, exogenous insulin treatment, high
endogenous insulin levels, poor glycemic
control, or longer diabetes severity.
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