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Background: This study investigates whether the inci-
dence of new-onset diabetes mellitus (DM) is associated
with statin use among postmenopausal women partici-
pating in the Women’s Health Initiative (WHI).

Methods: The WHI recruited 161 808 postmeno-
pausal women aged 50 to 79 years at 40 clinical centers
across the United States from 1993 to 1998 with ongo-
ing follow-up. The current analysis includes data through
2005. Statin use was captured at enrollment and year 3.
Incident DM status was determined annually from en-
rollment. Cox proportional hazards models were used
to estimate the risk of DM by statin use, with adjust-
ments for propensity score and other potential confound-
ing factors. Subgroup analyses by race/ethnicity, obesity
status, and age group were conducted to uncover effect
modification.

Results: This investigation included 153 840 women
without DM and no missing data at baseline. At base-
line, 7.04% reported taking statin medication. There were

10 242 incident cases of self-reported DM over 1 004 466
person-years of follow-up. Statin use at baseline was as-
sociated with an increased risk of DM (hazard ratio [HR],
1.71; 95% CI, 1.61-1.83). This association remained af-
ter adjusting for other potential confounders (multivariate-
adjusted HR,1.48; 95% CI, 1.38-1.59) and was ob-
served for all types of statin medications. Subset analyses
evaluating the association of self-reported DM with lon-
gitudinal measures of statin use in 125 575 women con-
firmed these findings.

Conclusions: Statin medication use in postmeno-
pausal women is associated with an increased risk for DM.
This may be a medication class effect. Further study by
statin type and dose may reveal varying risk levels for new-
onset DM in this population.
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G IVEN THE SUCCESS OF

statins in both primary
and secondary preven-
tion of cardiovascular
morbidity and mortal-

ity,1-6 their use is progressively increas-
ing, especially among older Americans.7

With such widespread use, even small risks
are apparent alongside benefits. One
emerging risk is an increased incidence of
diabetes mellitus (DM). There is evi-
dence that incident DM associated with
statin use may be more common in the el-
derly, in women, and in Asians.8-12 A re-
cent analysis suggests that preexisting
metabolic risk factors control incident DM
rate with statin medication.13 It is un-
clear if this risk varies with individual stat-
ins or if this is a dose-driven class ef-
fect.9,14 Although experimental and clinical

studies find that individual statins act dif-
ferently on glucose homeostasis as a func-
tion of relative lipophilicity and/or po-
tency of action,15 other findings differ. A
recent meta-analysis of 17 randomized
controlled trials by Mills et al16 found a
class effect increase of new-onset DM with

statins (odds ratio [OR], 1.09; 95% CI,
1.02-1.16) similar to that reported by Sat-
tar et al.9 Possibly, the grouping of statins
masks the effect variation of individual stat-
ins. Still, at some given dose threshold, dif-
ferences may be overcome, as implied by
a meta-analysis of 5 trials comparing in-
tensive to moderate dosing regimens using
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mainly atorvastatin and simvastatin.13,17 Notably, meta-
analysis results display intertrial and intratrial variability
in diagnostic and statistical methods and do not consis-
tently consider confounding factors. Moreover, contribut-
ing sample sizes do not permit balanced comparison by
statin type, sex, race/ethnicity, andage. Similarly, single stud-
ies may uncover only part of a greater topography.

As a large part of the aging population, postmeno-
pausal women have not been fully represented in past
clinical trials.16 Sex differences in DM pathogenesis are
well recognized.18,19 Using the Women’s Health Initia-
tive (WHI) data, we evaluated the overall effect of statin
medication use on incident DM risk and examined these
associations by specific statin agent. We stratified analy-
ses by race/ethnicity, body mass index (BMI) (calcu-
lated as weight in kilograms divided by height in meters
squared) category, and age group to determine if any as-
sociations were modified by these factors. In addition,
we conducted subgroup analysis in women with and with-
out self-reported cardiovascular disease (CVD) at base-
line to address potential confounding and selection bias.

METHODS

PARTICIPANTS

The WHI recruited 161 808 postmenopausal women aged 50
to 79 years at 40 clinical centers across the United States from
1993 to 1998 and followed consenting participants. Of these
women, 68 132 were enrolled in 1, 2, or all 3 of the clinical trial
(CT) arms: the Dietary Modification Trial, the Hormone Trial,
and the Calcium and Vitamin D Trial. Another 93 676 women
were enrolled into a prospective observational study (OS).20-23

The WHI eligibility criteria included the ability to complete study
visits with expected survival and local residency for at least 3
years. Original exclusion criteria addressed conditions that would
limit full participation in the study. This analysis used WHI data
through 2005. After exclusion for prevalent DM, missing data,
and use of cerivastatin (this medication was withdrawn from
the market in 2001 for safety reasons), a total of 153 840 women
were included (Figure).

MEASUREMENT AND CLASSIFICATION
OF STATIN MEDICATIONS

The current medication regimens of all CT participants were
inventoried at baseline and at years 1, 3, 6, and 9. In the OS,
medication data were inventoried at baseline and year 3. At each
inventory, the brand or generic name on the medication label
was matched to the corresponding item in the Master Drug Data
Base (Medi-Span, Indianapolis, Indiana). We sorted for statin
use as users or nonusers at baseline and year 3. Given that Sat-
tar et al9 found a null effect of lipophilicity among statins, and
in the absence of dose information, we determined statin cat-
egories by relative potency of action to decrease low-density
lipoprotein cholesterol. Accordingly, statins were designated
as low (fluvastatin, lovastatin, pravastatin) or high (simvasta-
tin, atorvastatin) potency.24,25

IDENTIFICATION OF DM

At baseline and at each semiannual (CT) or annual (OS) con-
tact, incident treated DM was identified by questionnaire and
was defined as a self-report of a new physician diagnosis of
treated DM. This method of identification of prevalent and in-
cident DM has been used in prior publications by the WHI in-
vestigators.18,26-28 The accuracy of self-reported DM in the WHI
trials has been assessed using medication and laboratory data,
and self-reported DM was found to be reliable.29

COVARIATES

Baseline questionnaires ascertained demographic and health his-
tory information, including race/ethnicity, age, educational at-
tainment, family history of DM, family history of depression,
self-report of CVD, hormone therapy use, and smoking status.
Baseline self-report for CVD has been previously validated in
the WHI30,31 and found to have reasonable agreement with hos-
pital discharge International Classification of Diseases, Ninth Re-
vision (ICD-9) codes.

The metabolic equivalents of physical activities and aver-
age daily nutrient intake were computed, using detailed meth-
ods described elsewhere.32,33 Trained and certified clinic staff
measured height using a fixed stadiometer and weight by a cali-
brated balance-beam scale. Relative weight as BMI was calcu-
lated from these values. Blood was analyzed for glucose and
insulin for the random 6% WHI-CT blood subsample at base-
line, year 1, year 3, year 6, and year 9. Fasting glucose was ana-
lyzed using the hexokinase method with interassay coeffi-
cients of variation less than 2%.26 Insulin was measured by
enzyme-linked immunosorbent assay. The WHI used the ho-
meostasis model assessment of insulin resistance (HOMA-
IR), which was developed for application in large epidemio-
logic investigations as an alternative to the glucose clamp.
HOMA-IR=fasting plasma insulin (µIU/mL)� fasting plasma
glucose (mmol/L)/22.5.34

STATISTICAL ANALYSIS

Cox proportional hazards (PH) models were used to estimate
hazard ratios (HRs) of DM by statin medication use. The de-
pendent variable was time to occurrence of DM determined by
self-report (ie, time to event). The time to event was calcu-
lated as the interval between enrollment date and the earliest
of the following: (1) date of annual medical history update when
new DM was ascertained (observed outcome) and (2) date of
the last annual medical update during which DM status was
ascertained (censored outcome). The primary independent vari-
able in these analyses was statin use at baseline, coded as a bi-

Self-reported treated DM (6.41%)9166

Included for the analyses153 840

Excluded7968
Women with self-reported
DM at baseline

7169

Women missing DM status
at baseline

146

Women missing medication
at baseline

2

Women used cerivastatin651

Total161 808

Women taking a statin
medication (7.04%)

10 834

Self-reported treated DM (9.93%)1076

Women not taking a statin
medication (92.96%)

143 006

Figure. Flowchart for statin users and diabetes mellitus (DM) analyses using
data sets from the Women’s Health Initiative.
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nary variable. We present 3 Cox PH models to examine the as-
sociation between baseline statin use and DM: model 1 estimates
the unadjusted HRs (and associated 95% CIs) of the effects of
statin use on incident DM; model 2 presents age- and race/
ethnicity–adjusted HRs; and model 3 presents HRs adjusted for
all potential confounding variables at baseline (age, race/
ethnicity, education, cigarette smoking, BMI, physical activ-
ity, alcohol intake, energy intake, family history of DM, hor-
mone therapy use, study arm, and self-report of CVD). Similar
analyses were conducted for specific type of statin medication
use at baseline, categorized as low vs high potency.

Since individuals using statins may have different underly-
ing conditions that could put them at elevated risk for DM, we
conducted several subgroup analyses to control confounding
by indication. First, we conducted subgroup analyses by age,
race/ethnicity, and BMI categories to examine whether the as-
sociations of statin use and onset of DM differed by categories
of these variables. Age was categorized into 3 groups (50-59
years, 60-69 years, and �70 years). Race/ethnicity was as-
sessed according to 4 major groups (white, African American,
Hispanic, Asian). Body mass index was categorized into 3
groups (�25.0, 25.0-29.9, �30.0). Second, we conducted
similar analyses in 2 subgroups of women either with or with-
out self-reported CVD at baseline. Finally, propensity score
analysis35 was performed to reduce the confounding effects of
other factors in the evaluation of the association between
statin use and DM risk within an observational study setting.
Participant-specific propensity scores were estimated from a
logistic regression model to predict the probability of statin
prescription. Covariates considered for inclusion into the lo-
gistic regression model included age, BMI, self-report of hy-
pertension, self-report of CVD, family history of DM, smoking
status, and physical activity. The final propensity score model
retained all covariates noted herein with the exception of
physical activity, which was an insignificant predictor of
statin use. The association between statin use and DM risk
was evaluated in Cox PH models after adjusting for the esti-
mated propensity score.

After exclusion for cases of DM before year 3 (146 wom-
en), use of cerivastatin (651 women), and missing medication
data at year 3 (2 women), our longitudinal analyses were con-
ducted in a subset of 125 575 women from the OS and the CT
arm at baseline and year 3 visits. Statin use was sorted into 4
categories: (1) never took statin; (2) use at both baseline and
at the year 3 visit, (3) use only at baseline; and (4) use only at
the year 3 visit. The HRs for DM by statin use were estimated
similarly based on Cox PH models.

RESULTS

PARTICIPANTS’ CHARACTERISTICS

Participant characteristics are listed in Table 1. At
baseline, the mean (SD) age of women included in our
sample was 63.2 (7.3) years. Approximately 16.30% of
the women were from racial/ethnic groups other than
white, of which the largest representation was African
American (8.32%). Only 2.56% (3922 women) were
Asian. At baseline, 7.04% of participants took statin
medication. Of these, 30.29% took simvastatin; 27.29%,
lovastatin; 22.52%, pravastatin; 12.15%, fluvastatin;
and 7.74%, atorvastatin. Comparison between statin us-
ers and nonusers showed significant differences in
baseline characteristics.

STATIN USE AT BASELINE
AND DM INCIDENCE

A total of 10 242 incident cases of DM were reported over
1 004 466 person-years of follow-up. Table 2 presents
results regarding the association between statin use at
baseline and risk of incident DM. In unadjusted models,
statin use at baseline was significantly associated with an
increased DM risk (HR, 1.71; 95% CI, 1.61-1.83) when
compared with nonuse. This association was decreased
but remained significant after adjusting for potential
confounders (HR, 1.48; 95% CI, 1.38-1.59). This asso-
ciation was observed for all types of statin. Similar risk
associations were found in use of either high- or low-
potency statins, with multivariate-adjusted HRs of 1.45
(95% CI, 1.36-1.61) and 1.48 (95% CI, 1.36-1.61) com-
pared with nonusers, respectively. Table 3 shows sub-
group analyses by race/ethnicity, BMI category, and age
group. In both unadjusted and adjusted models, statin
use was consistently associated with increased risk of DM
across subgroups by age. We observed significantly in-
creased risk of DM by statin use within subgroups of white,
Hispanic, and Asian women in both unadjusted and ad-
justed models. In adjusted models, we observed HRs of
1.49 (95% CI, 1.38-1.62), 1.18 (95% CI, 0.96-1.45), 1.57
(95% CI, 1.14-2.17), and 1.78 (95% CI, 1.32-2.40) among
whites, African Americans, Hispanics, and Asians, re-
spectively. Statin use was also associated with a signifi-
cantly increased risk of DM within 3 subgroups accord-
ing to BMI (�25.0, 25.0-29.9, �30.0). Moreover, a
significantly increased risk of DM associated with statin
use was observed among women with BMI lower than
25.0 when compared with women with BMI of 30.0 or
higher after adjusting for all potential confounders. In
adjusted models, the HRs were 1.89 (95% CI, 1.57-
2.29), 1.66 (95% CI, 1.48-1.87), and 1.20 (95% CI, 1.09-
1.33) within the groups of women with BMI of less than
25.0, 25.0 to 29.9, and 30.0 or higher, respectively.

STATIN USE AT BASELINE AND RISK OF DM
AMONG POSTMENOPAUSAL WOMEN

WITH AND WITHOUT HISTORY OF CVD

To address potential confounding and selection bias, we
conducted subgroup analyses among postmenopausal
women with and without a history of CVD (Table 4).
Among a subset of 24 842 women who self-reported CVD
at baseline, we found that statin use was associated with
an increased risk of DM (HR, 1.52; 95% CI, 1.36-1.71).
These associations remained significant after adjusting
for potential confounders (HR, 1.46; 95% CI, 1.29-
1.65). Similar findings were observed among women with-
out CVD at baseline.

PROPENSITY SCORE ANALYSES

In unadjusted models, statin use was significantly re-
lated to DM risk (HR, 1.71; 95% CI, 1.61-1.83). When
the propensity score was included, the estimated HR at-
tenuated to 1.38 (95% CI, 1.29-1.47). On inclusion of
other confounders in the model, the HR was essentially
unaltered (HR, 1.40; 95% CI, 1.31-1.51). Propensity score
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adjusted models yielded HRs of 1.38 (95% CI, 1.23-
1.54) and 1.40 (95% CI, 1.29-1.53) for respective in-
creased risk with either high- or low-potency statin use
at baseline compared with nonuse.

LONGITUDINAL MEASURES OF STATIN USE
AND RISK OF DM

When compared with those who never received statin
therapy, unadjusted HRs of 1.82 (95% CI, 1.65-2.00), 1.75
(95% CI, 1.43-2.14), and 1.81 (95% CI, 1.67-1.97) were
observed for the groups of women who reported statin
use at both baseline and at the year 3 visit, reported statin
use only at baseline, and reported statin use only at the
year 3 visit, respectively (Table 5). The risk associa-
tions remained significant after adjusting for age, race/

ethnicity, other potential confounders, and propensity
score. The multivariate adjusted HRs were 1.47 (95% CI,
1.32-1.64), 1.44 (95% CI, 1.15-1.80), and 1.60 (95% CI,
1.47-1.75), respectively.

SENSITIVITY ANALYSIS

A sensitivity analysis was conducted on a subset of 3706
women without DM at baseline and enrolled in the WHI
CT for whom fasting glucose measurements were avail-
able at baseline and at least 1 additional follow-up visit.
Diabetes mellitus was identified based on fasting glucose
levels of 126 mg/dL (6.99 mmol/L) or higher. In unad-
justed models, statin use at baseline was not significantly
related to DM risk (HR, 1.06; 95% CI, 0.61-1.86). How-
ever, using baseline through year 6 data in the CT arm,

Table 1. Characteristics of 153 840 Study Participants, Women’s Health Initiativea

Variable
Total

(N = 153 840)
Statin Users
(n = 10 834)

Non–Statin Users
(n = 143 006) P Value

Age, y 63.17 (7.25) 65.66 (6.48) 62.98 (7.27) �.001
BMI 27.77 (5.81) 28.56 (5.32) 27.70 (5.84) �.001
Dietary variable

Energy intake, kcal/d 1625.24 (711.56) 1541.81 (690.42) 1631.56 (712.75) �.001
Carbohydrate, % of energy 50.34 (9.37) 52.12 (9.34) 50.21 (9.36) �.001
Protein, % of energy 16.71 (3.21) 17.06 (3.31) 16.68 (3.20) �.001
Fat, % of energy 32.53 (8.39) 30.79 (8.37) 32.66 (8.38) .81
Saturated fat, % of energy 10.84 (3.33) 9.94 (3.15) 10.91 (3.34) �.001
Trans fat, g/d 4.29 (3.22) 4.02 (3.08) 4.31 (3.23) �.001
Fiber, g/d 15.88 (7.14) 15.63 (7.07) 15.90 (7.14) .18
Alcohol intake, g/d 5.32 (10.58) 4.47 (9.44) 5.38 (10.65) �.001

Physical activity
Minutes of recreational physical activity per weekb 183.40 (180.53) 177.50 (167.28) 183.86 (181.52) �.001

Categorical variable, No. (%)
Race/ethnicity

Asian or Pacific Islander 3922 (2.56) 401 (3.71) 3521 (2.47) �.001
African American 12 772 (8.32) 862 (7.97) 11 910 (8.35)
Hispanic/Latino 5978 (3.90) 322 (2.98) 5656 (3.96)
European American, not of Hispanic origin 12 8458 (83.71) 9065 (83.87) 119 393 (83.69)

Education
�High school 7711 (5.05) 651 (6.05) 7060 (4.97) �.001
High school/GED 25 955 (17.0) 2241 (20.83) 23 714 (16.71)
�High school, �4 y college 57 740 (37.81) 4205 (39.08) 53 535 (37.72)
�4 y college 61 285 (40.14) 3663 (34.04) 57 622 (40.60)

Smoking status
Never 77 364 (50.94) 5178 (48.48) 72 186 (51.13) �.001
Former 63 893 (42.07) 4858 (45.49) 59 035 (41.81)
Current 10 605 (6.98) 644 (6.03) 9961 (7.06)

Hormone therapy use
Never 49 198 (32.94) 3654 (34.42) 45 544 (32.83) �.001
Former 34 430 (23.05) 2633 (24.80) 31 797 (22.92)
Current 65 720 (44.0) 4330 (40.78) 61 390 (44.25)

Family history of DM
Yes 47 329 (30.93) 3653 (33.91) 43 676 (30.70) �.001
No 98 686 (64.48) 6599 (61.26) 92 087 (64.73)

Type of statin medication use at baseline
Lovastatin 2957 (27.29) 2957 (27.29) NA NA
Simvastatin 3282 (30.29) 3282 (30.29) NA NA
Fluvastatin 1316 (12.15) 1316 (12.15) NA NA
Atorvastatin 839 (7.74) 839 (7.74) NA NA
Pravastatin 2440 (22.52) 2440 (22.52) NA NA

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); GED, general educational development;
HR, hazard ratio; NA, not applicable.

aData are continuous variables given as means (SDs) except where noted. Numbers and percentages may not add up to 153 840 and 100% owing to missing data.
bGeometric means (SDs) were presented.
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we found that the statin users had higher fasting glucose
levels and HOMA-IR compared with non–statin users, with
increasing values from baseline to year 6 follow-up.

COMMENT

The results of this study imply that statin use conveys
an increased risk of new-onset DM in postmenopausal
women. In keeping with the findings of other stud-
ies,9,13,36 our results suggest that statin-induced DM is a
medication class effect and not related to potency or to
individual statin. However, the data set contains un-
equal representation of statins that may have influenced
the outcomes. In addition, women who took statins may
have changed statin type prior to incident DM. Results
may actually reflect a changing market and demand and
include those statins that were not available at baseline.
For example, rosuvastatin was not available until 2003,
after the baseline and year 3 capture points, and may affect
follow-up results. Rosuvastatin was associated with in-
creased risk for DM in the postmenopausal women in the
JUPITER trial (HR, 1.49; 95% CI, 1.11-2.01).10 In the ab-

sence of dose information, we could not explore further
comparisons.

Women with a BMI lower than 25.0 were at greater
risk for new-onset DM than those with BMI of 30.0 or
higher, who seem to be at lowest relative risk among BMI
categories. Given no other reports of this incidence pat-
tern in other studies, we can only speculate that differ-
ences in phenotype, such as weight distribution, may con-
tribute to this finding. Native hormonal changes in
menopause permit a redistribution of weight in favor of
visceral fat that may be independent of BMI as a risk fac-
tor for DM.37 Weight gain within a BMI category may also
increase risk for DM.38 Alternatively, there may be some
paradoxical protection against DM among postmeno-
pausal women, akin to that reported for recurrent coro-
nary artery events. This may in fact be a sign of index
event bias.15 This is an area to explore further.

Overlaps in 95% CIs erase significant ethnic differ-
ences, although the trend for greater risk among Asian
women compared with others agrees with evidence for
increased sensitivity to statin effects in this group.8,12,34,35

Our sample size urges cautious interpretation.

Table 2. Association Between Diabetes Mellitus (DM) Risk and Statin Use Status at Baseline in 153 840 Participants

Variable
Patients,

No.
Cases of

New-Onset DM Unadjusted HR
Age- and

Race/Ethnicity-Adjusted HRa
Multivariate-Adjusted

HRb

Taking statin medications at baseline
Yes 10 834 1076 (9.93) 1.71 (1.61-1.83) 1.69 (1.58-1.80) 1.48 (1.38-1.59)
No 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Years of statin medication use
�1.0 3614 360 (9.96) 1.74 (1.57-1.94) 1.71 (1.54-1.90) 1.46 (1.30-1.64)
1.0-2.9 3650 365 (10.00) 1.72 (1.55-1.91) 1.67 (1.51-1.86) 1.42 (1.26-1.59)
�3.0 3570 351 (9.83) 1.68 (1.51-1.87) 1.68 (1.51-1.87) 1.57 (1.40-1.77)
Nonuser 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Type of statin medications at baseline
Lovastatin
Yes 2949 281 (9.53) 1.52 (1.35-1.71) 1.51 (1.33-1.70) 1.35 (1.19-1.55)
Other statins 7885 795 (10.08) 1.85 (1.72-1.99) 1.82 (1.69-1.97) 1.56 (1.43-1.69)
Nonuser 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Simvastatin
Yes 3247 310 (9.55) 1.71 (1.52-1.92) 1.72 (1.53-1.93) 1.41 (1.25-1.61)
Other statins 7587 766 (10.10) 1.77 (1.64-1.91) 1.73 (1.61-1.87) 1.54 (1.41-1.67)
Nonuser 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Fluvastatin
Yes 1313 145 (11.04) 1.99 (1.69-2.35) 1.90 (1.61-2.24) 1.61 (1.35-1.92)
Other statins 9521 931 (9.78) 1.72 (1.60-1.84) 1.71 (1.59-1.83) 1.48 (1.37-1.60)
Nonuser 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Atorvastatin
Yes 839 79 (9.42) 1.99 (1.58-2.49) 1.99 (1.58-2.49) 1.61 (1.26-2.06)
Other statins 9995 997 (9.97) 1.74 (1.63-1.86) 1.72 (1.61-1.84) 1.49 (1.39-1.61)
Nonuser 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Pravastatin
Yes 2423 256 (10.57) 1.87 (1.65-2.13) 1.83 (1.61-2.07) 1.63 (1.43-1.87)
Other statins 8411 820 (9.75) 1.71 (1.59-1.84) 1.70 (1.58-1.83) 1.46 (1.34-1.58)
Nonuser 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Potency of statin at baseline
Low potency: lovastatin, fluvastatin

and pravastatin
6701 682 (10.18) 1.68 (1.56-1.82) 1.64 (1.52-1.78) 1.48 (1.36-1.61)

High-potency: simvastatin and atorvastatin 4133 394 (9.53) 1.74 (1.58-1.93) 1.75 (1.58-1.93) 1.45 (1.36-1.61)
Nonuser 143 006 9166 (6.41) 1 [Reference] 1 [Reference] 1 [Reference]

Abbreviations: HR, hazard ratio; PH, proportional hazards.
aThe HRs were estimated from Cox PH models adjusting for age and race/ethnicity.
bThe HRs were estimated from Cox PH models, adjusting for age, race/ethnicity, education, cigarette smoking, BMI, physical activity, alcohol intake, energy

intake, family history of DM, hormone therapy use, study arms, and self-report of cardiovascular disease at baseline.
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Overlapping 95% CIs indicate similar risk for inci-
dent DM with statin use for women with CVD (adjusted
HR, 1.46; 95% CI, 1.29-1.65) and without CVD (ad-
justed HR, 1.48; 95% CI, 1.36-1.62). Given that specific

indications for statin use was not available among all
women, and that our analysis did not include cardio-
vascular outcomes, we could not compare risk and ben-
efit for statins in primary or secondary prevention in

Table 3. Association Between Diabetes Mellitus (DM) Risk and Statin Use Status at Baseline,
Within Age, Race/Ethnicity, and BMI Subgroups in 153 840 Participants

Variable Patients, No. Cases of New-Onset DM, No. (%) Unadjusted HRa Multivariate-Adjusted HRb

Age, y
50-59

Statin users 1936 205 (10.59) 1.82 (1.58-2.09) 1.50 (1.29-1.76)
Nonusers 49 685 3169 (6.38) 1 [Reference] 1 [Reference]

60-69
Statin users 5641 566 (10.03) 1.66 (1.52-1.81) 1.47 (1.34-1.62)
Nonusers 63 035 4145 (6.58) 1 [Reference] 1 [Reference]

�70
Statin users 3257 305 (9.36) 1.65 (1.46-1.86) 1.47 (1.29-1.68)
Nonusers 30 286 1852 (6.12) 1 [Reference] 1 [Reference]

Race/ethnicity
White

Statin users 9065 814 (8.98) 1.82 (1.69-1.96) 1.49 (1.38-1.62)
Nonusers 119 393 6534 (5.47) 1 [Reference] 1 [Reference]

African American
Statin users 862 128 (14.85) 1.26 (1.05-1.50) 1.18 (0.96-1.45)
Nonusers 11 910 1546 (12.98) 1 [Reference] 1 [Reference]

Hispanic
Statin users 322 51 (15.84) 1.64 (1.23-2.18) 1.57 (1.14-2.17)
Nonusers 5656 617 (10.91) 1 [Reference] 1 [Reference]

Asian or Pacific Islander
Statin users 401 59 (14.71) 2.12 (1.59-2.81) 1.78 (1.32-2.40)
Nonusers 3521 264 (7.50) 1 [Reference] 1 [Reference]

BMI
�25.0

Statin users 2824 144 (5.10) 2.50 (2.11-2.98) 1.89 (1.57-2.29)
Nonusers 52 446 1208 (2.30) 1 [Reference] 1 [Reference]

25.0-29.9
Statin users 4367 391 (8.95) 1.91 (1.71-2.12) 1.66 (1.48-1.87)
Nonusers 49 048 2561 (5.22) 1 [Reference] 1 [Reference]

�30.0
Statin users 3549 532 (14.99) 1.23 (1.13-1.35) 1.20 (1.09-1.33)
Nonusers 40 239 5306 (13.19) 1 [Reference] 1 [Reference]

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HR, hazard ratio; PH, proportional hazards.
aThe HRs were estimated from Cox PH models.
bThe HRs were estimated Cox PH models, adjusted for age, race/ethnicity, education, cigarette smoking, BMI, physical activity, alcohol intake, energy intake,

family history of DM, hormone therapy use, study arms, and self-report of cardiovascular disease at baseline. Age was excluded in models within age subgroups.
Similarly, race and BMI were individually excluded in models fitted within race/ethnicity and BMI subgroups.

Table 4. Risk of Diabetes Mellitus (DM) by Statin Use Among Women With and Without Medical History
of Cardiovascular Disease (CVD) at Baseline

Description

Women With CVD
(n = 24 842)

Women Without CVD
(n = 120 173)

Statin Users Nonusers Statin Users Nonusers

Participants, No. 3338 21 504 7089 113 084
Incident DM cases, No. 369 1695 645 6786
Cumulative incidence rate, % 11.05 7.88 9.10 6.0
Unadjusted HR (95% CI)a 1.52 (1.36-1.71) 1 [Reference] 1.65 (1.52-1.79) 1 [Reference]
Age- and race/ethnicity–adjusted HR (95% CI)b 1.52 (1.36-1.70) 1 [Reference] 1.61 (1.49-1.75) 1 [Reference]
Multivariate adjusted HR (95% CI)c 1.46 (1.29-1.65) 1 [Reference] 1.48 (1.36-1.62) 1 [Reference]

Abbreviations: HR, hazard ratio; PH, proportional hazards.
aThe HRs were estimated from Cox PH models.
bThe HRs were estimated Cox PH models, adjusted for age and race/ethnicity.
cThe HRs were estimated from Cox PH models, adjusted for age, race/ethnicity, education, cigarette smoking, body mass index, physical activity, alcohol intake,

energy intake, family history of DM, and hormone therapy use.
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this population. Current and impending guidelines for
cardiometabolic risk assessment and statin therapy in-
clude monitoring for DM and DM risk,39,40 which seems
prudent.

Several strengths are worth noting: the WHI in-
cludes a large, racially diverse cohort of postmeno-
pausal women, and its prospective design enables an ex-
amination of temporal associations. When the WHI began,
statin use in women with CHD risk factors was not preva-
lent, allowing comparative study of statin use and non-
use in women with similar risk factors. Our study was
also uniform in terms of ascertainment of DM and con-
sistent with data collection for confounders and risk fac-
tors over several years.

There are several limitations. First, as this was a ob-
servation study, we could not control all confounding fac-
tors. While our subgroup analyses in women either with
or without CVD found that statin use remains a signifi-
cant risk for DM, we cannot rule out variations in health
care. The sensitivity analyses also attempt to discover and
resolve detection and/or selection bias, but it is possible
that such biases remain. Second, we did not have data
on blood lipid, C-reactive protein, or hemoglobin A1c lev-
els to distinguish if those using statins were at higher risk
than those not using statins. Third, although incident DM
in older women is likely of the type 2 variety, the WHI
question did not specify for type.26,27,29 Despite a lower
sensitivity in self-reports for newly incident DM, statin
users and nonusers should have a similar bias of under-
reporting.41,42 Fourth, the inability to track intermittent
or inconsistent medication use limits analysis.43 We can-
not reliably say that women who reported statin use at 1
or both collection points continued therapy in a way that
was likely to provide the intended effect. Moreover, the
WHI data up to 2005 reveal that only 7.4% of women
used statins, and this proportion may not reflect attrib-
utable risk patterns of greater use. Finally, we could not
measure drug-drug or drug-disease interactions.

Clearly, statins address the cardiovascular conse-
quences of DM, and current American Diabetes Associa-
tion guidelines for primary and secondary prevention

should not change.44 The Cholesterol Treatment Trial-
ists’ Collaboration found that statins significantly ben-
efit vascular mortality and morbidity and all-cause mor-
tality in diabetic populations with rates comparable with
those without DM.45 Likewise, guidelines for statin use
in nondiabetic populations should not change.39,40 How-
ever, the consequences of statin-induced DM have not
been specifically defined and deserve more attention.
Given the wide use of statins in the aging population, fur-
ther studies among women, men, and diverse ethnici-
ties will clarify DM risk and risk management to opti-
mize therapy.
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Table 5. Risk of Diabetes Mellitus (DM) by Statin Use at Baseline and 3-Year Follow-up in 125 575 Participants

Description
Statin Use Only

at Baseline
Statin Use Only
at 3-y Follow-up

Statin Use at Baseline
and 3-y Follow-up Never Use

Participants, No. 1531 9571 7076 107 397
Incident DM cases, No. 98 644 442 4294
Cumulative incidence rate, % 6.40 6.73 6.25 4.00
Unadjusted HR (95% CI)a 1.75 (1.43-2.14) 1.81 (1.67-1.97) 1.82 (1.65-2.00) 1 [Reference]
Adjusted HR (95% CI)

Age and race/ethnicityb 1.65 (1.35-2.01) 1.79 (1.65-1.95) 1.81 (1.64-2.00) 1 [Reference]
Multivariatec 1.49 (1.19-1.86) 1.65 (1.51-1.81) 1.56 (1.41-1.74) 1 [Reference]
Propensity scored 1.49 (1.20-1.85) 1.63 (1.49-1.78) 1.43 (1.28-1.58) 1 [Reference]
Multivariate, including propensity scoree 1.44 (1.15-1.80) 1.60 (1.47-1.75) 1.47 (1.32-1.64) 1 [Reference]

Abbreviations: BMI, body mass index; HR, hazard ratio; PH, proportional hazards.
aThe HRs were estimated from Cox PH models.
bThe HRs were estimated Cox PH models, adjusted for age and race/ethnicity.
cThe HRs were estimated from Cox PH models, adjusted for age, race/ethnicity, education, cigarette smoking, BMI, physical activity, alcohol intake, energy

intake, family history of DM, hormone therapy use, study arms, and self-report of CVD at baseline.
dThe HRs were estimated from Cox PH models, adjusted for propensity score.
eThe HRs were estimated from Cox PH models, adjusted for age, race/ethnicity, education, cigarette smoking, BMI, physical activity, alcohol intake, energy

intake, family history of DM, hormone therapy use, study arms, self-report of CVD at baseline, and propensity score.
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EDITOR’S NOTE

ONLINE FIRST

Increased Diabetes Mellitus Risk With Statin Use

Tipping the Balance

I n this issue of the Archives, Culver et al report an
association between use of statins and increased risk
of developing diabetes mellitus in a large cohort of

women enrolled in the Women’s Health Initiative. These
data confirm and extend associations previously dem-
onstrated among participants in randomized trials. Al-
though observational data are potentially susceptible to
bias by indication, we thought it was noteworthy that the

increased risk of diabetes mellitus with statin use was simi-
lar among women with and without a history of cardio-
vascular disease, a finding that may have important im-
plications for the balance of risk and benefit of statins in
the setting of primary prevention in which previous meta-
analyses show no benefit on all-cause mortality.

Kirsten L. Johansen, MD
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