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Abstract
Background—Statins can reduce biliary cholesterol secretion independently of their ability to
inhibit cholesterol synthesis. They also prevent formation of gallstones in animal studies, although
the effect of statins on human gallstone disease has been controversial.

Methods—We examined the relationship between use of statins and the risk of cholecystectomy
in a cohort of U.S. women. As part of the prospective Nurses’ Health Study, participants
biennially reported history of gallstone disease and whether they had undergone cholecystectomy.
Women also reported lifetime use of statins retrospectively in 2000. We conducted a retrospective
analysis of statin using data collected in 2000, to define use from 1994 forward, and a prospective
analysis for general lipid-lowering drugs from 1994 to 2004.

Results—In the statin analysis we ascertained 2,479 cases of cholecystectomy during 305,197
person-years of follow-up. The multivariate relative risk for current statin users, compared with
nonusers, was 0.82 (95% confidence interval, 0.70 to 0.96). In the analysis of general cholesterol-
lowering drugs, we ascertained 3,420 cases of cholecystectomy during 511,411 person-years of
follow-up. Compared with nonusers, the multivariate relative risk for current users of general
cholesterol-lowering drugs, mostly statins in this cohort, was 0.88 (95% confidence interval, 0.79
to 0.98).

Conclusions—Statin use appears to reduce the risk of cholecystectomy in women.
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INTRODUCTION
Gallstone disease is a common abdominal condition in developed countries (1), and is a
major cause of digestive morbidity leading to hospital admissions (2, 3). In the United States
more than 800,000 cholecystectomies are performed each year. Among western populations
the majority of the gallstones are cholesterol stones (4). Cholesterol gallstones have many
causative factors, but biliary hypersecretion of cholesterol is an important determinant (4, 5).

Lipid-lowering drugs can have a significant effect on biliary lipid composition (6-8).
Inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, the rate-
limiting enzymatic step in cholesterol biosynthesis, commonly referred to as statins, have
revolutionized the treatment of hypercholesterolemia and have been recently shown to exert
beneficial effects beyond reducing serum cholesterol levels (9-12). Statins can reduce
cholesterol secretion in the bile independent of inhibition of cholesterol synthesis in the cells
(13). In addition, statins can beneficially raise plasma HDL cholesterol and decrease plasma
triglycerides levels, and thereby may reduce the risk for gallstones (5, 14, 15). Statins
decrease the cholesterol saturation index in duodenal bile in humans (16-19), and prevent
formation of cholesterol gallstones in animal studies (20-22). These observations suggest
that statins may reduce bile lithogenicity. However, studies of the effects of statins on
gallstone disease in humans have been conflicting (7, 8, 23-25). The results of these clinical
or experimental studies have been limited by small sample size or lack of long-term follow-
up. Therefore, in a large cohort of US women, we examined the use of statins in relation to
the occurrence of gallstone disease.

METHODS
Study Population

The Nurses’ Health Study, an ongoing prospective cohort study in the United States, was
initiated in 1976 when 121,700 female registered nurses, predominantly Caucasian, aged 30
to 55 years completed a mailed questionnaire on their medical history including gallstone
disease and lifestyle characteristics. Every two years, follow-up questionnaires are sent to
update information on exposures and to identify newly diagnosed illnesses. The follow-up
rate for biennial questionnaires is near 90% or higher in each two-year follow-up cycle (26).
Based on when the exposures of interest were queried, two follow-up periods were used for
these analyses. Retrospective information on statin use was collected in 2000 to define
exposure from 1994 forward, and the 2000 information on statin use was also used to
examine incidence of cholecystectomy prospectively until 2004. Prospective analysis on use
of general lipid-lowering drugs, mostly statins in this cohort, was conducted from 1994 to
2004. Each analysis began with all women who returned the questionnaire which first
queried the exposure of interest. In each follow-up period, we excluded women who
reported a prior cholecystectomy or a prior diagnosis of gallstone disease, women with a
reported daily energy intake outside the range of 600-3500 Kcal/day, women with 70 or
more blank food items on the dietary questionnaire, women with a diagnosis of cancer, and
women with missing data on the primary exposures. After exclusions, the retrospective
analysis of statin use included 53,611 women, and the prospective analysis of general lipid-
lowering drugs use included 56,953 women. This study was approved by the institutional
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review board on the use of human subjects in research of the Brigham and Women’s
Hospital and Harvard School of Public Health in Boston.

Assessment of Use of Statin and Other Cholesterol-Lowering Drugs
On the 2000 questionnaire participants were first asked to report separately whether they
regularly used statin drugs. Statin users were asked to further specify duration of use in two-
year categories up to six or more years. Current statin users were defined as those who
reported current use on the 2000 questionnaire, with duration dating back to 1994 for those
in the category of six or more years. No information was available on brand, type, or dose of
medications used.

On biennial questionnaires participants in this prospective cohort were also asked whether
they regularly used cholesterol-lowering drugs, including statins, bile acid sequestrants,
fibrates, and nicotinic acids, during the previous 2 years. Statins were first introduced to the
US market in 1987, and soon afterward their use surpassed that of other cholesterol-
lowering drugs. Statins probably constituted the majority of the cholesterol-lowering drugs
used in this cohort because they were the most commonly used type of cholesterol-lowering
drug in the United States during this study period of time (27, 28). Indeed, responses to the
2000 questionnaire indicated that by that year approximately 93% of the cholesterol-
lowering drugs used in this cohort were statins. Women were defined as current lipid-
lowering drug users in any two-year questionnaire cycle they reported drug use, and they
became past users when they no longer reported use on subsequent questionnaires. Duration
of use was estimated by summing use across the 2-year periods encompassed by the biennial
questionnaires.

Assessment of Dietary and Non-Dietary Variables
Dietary information was derived from a 131-item semi-quantitative food frequency
questionnaire (SFFQ) (29). Participants were asked to indicate the frequency, on average, of
consuming a typical serving size of selected foods during the previous year. There were nine
options for respondents to choose from, ranging from never or less than once per month to
six or more times per day. Nutrient scores were computed by multiplying the frequency of
consumption of each unit of food from the SFFQ by the nutrient content of the specified
portion according to food-composition tables from the Harvard Food Composition Database
and U.S. Department of Agriculture supplemented with manufacturers’ data (30). A full
description of the SFFQ and the procedures used for calculating nutrient intake, as well as
data on reproducibility and validity in this cohort, were reported previously (29). Validity of
the dietary data was documented by comparisons with multiple-week dietary records
corrected for within-person variation in diet. Participants also reported their body weight,
cigarette smoking, use of medications, and leisure-time physical activity every 2 years
during the follow-up. The correlation coefficient between self-reported weight and measured
weight was 0.96. Physical activity was estimated by using the cumulative average number of
hours per week on the basis of the reported time spent doing specific activities. Each activity
was weighted by its intensity level. The validity of self-reported physical activity in this
cohort was reported previously (31).

Identification of Cases of Cholecystectomy
We inquired about occurrence and date of cholecystectomy on each biennial questionnaire
starting in 1980. A validation study of the self-report was conducted in a random sample of
50 nurses who reported a cholecystectomy. Forty-three out of 50 participants responded, and
of these, all reiterated their earlier report, and the diagnosis of gallstone disease was
confirmed in all 36 for whom medical records could be obtained (32). Moreover, more than
80% of the women in our cohort who had a cholecystectomy between 1980 and 1986
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reported a diagnosis of symptomatic gallstone disease during that time period. We chose
cholecystectomy as the primary end point mainly because symptomatic gallstones are the
principal indication for cholecystectomy (33). In contrast, only a minor proportion of
asymptomatic gallstones are diagnosed, typically incidentally, making this clinically less
relevant condition and unreliable end point.

Statistical Analysis
We first examined the distribution of risk factors for gallstone disease and population
characteristics across categories of use of statins or general cholesterol-lowering drugs,
which were standardized using the cohort age distribution. We calculated person-time for
each participant from the date of return of the 1994 questionnaire to the date of
cholecystectomy, cancer, date of last questionnaire return, death, or the end of the study
period, whichever came first. In this prospective cohort, women who had undergone
cholecystectomy were censored and excluded from subsequent follow-up. Thus, the eligible
population at risk comprised only those who remained free of cholecystectomy at the
beginning of each two-year follow-up interval. In the analyses women were categorized
according to status of use of statins or general cholesterol-lowering drugs. In the main
analysis, we used current use of statins as the primary exposure of interest and examined its
associations with occurrence of cholecystectomy, where the reference group was statin
nonuse. Incidence rates were calculated by dividing the number of events by person-years of
follow-up in each category. Relative risks were calculated as the incidence rate of
cholecystectomy among women in different categories of exposure compared with the
incidence rate among women in the reference category. Age-adjusted relative risks were
calculated using the Mantel-Haenszel summary estimator (34). Multivariate relative risks
were computed using the Cox proportional hazards regression model (35). We used the most
updated information for all covariates prior to each two-year interval. The covariates that
were selected were those that were previously observed to be associated with gallstone
disease in this cohort or that have been consistently found to be associated with risk in the
literature. Thus, we adjusted for the following known or suspected risk factors in
multivariate analyses: age, time period (2-year intervals), body mass index at the beginning
of each two-year follow-up interval (<20.00, 20.00-22.49, 22.50-24.99, 25.00-27.49,
27.50-29.99, 30.00-32.49, 32.50-34.99, 35.00-37.49, 37.50-39.99, and ≥40), weight change
in the previous two years (≥10 pound weight loss, 5.0-9.9 pound weight loss, maintained
weight ± 4.9 pounds, 5.0-9.9 pound weight gain, ≥10 pound weight gain), parity (0, 1, 2-3,
≥4 births), oral contraceptive use (ever, never), hormone replacement therapy
(premenopausal, postmenopausal without hormone replacement therapy, postmenopausal
with past hormone replacement therapy, and postmenopausal with current hormone
replacement therapy), physical activity (quintiles), pack-years of smoking (0, 1-9, 10-24,
25-44, 45-64, ≥65), thiazide diuretics (yes or no), non-steroidal anti-inflammatory drugs (0,
1-6, ≥7 times per week, and dose unknown), intake of total energy (quintiles), energy-
adjusted dietary fiber (quintiles), energy-adjusted protein (quintiles), energy-adjusted
carbohydrate (quintiles), alcohol (0, 0.1-4.9, 5.0-14.9, 15.0-29.9, ≥30.0 grams per day),
coffee (0, 1, 2-3, 4+ cups per day), saturated fat, trans fat, and polyunsaturated fat
(quintiles). Goodness-of-fit statistics were used to assess the model fit (34). We conducted
various analyses to address the possibilities that preclinical symptoms or health-seeking
behavior related to gallstone disease might bias our results by creating spurious associations.
In addition, for potential effect modification we conducted stratified analyses to determine
whether risk associated with use of statins was modified by other risk factors for gallstone
disease. Tests for interaction were performed using likelihood ratio tests by comparing two
nested models, one with the main effects only and the other with both the main effects and
interaction terms. All relative risks are presented with 95% confidence intervals (C.I.), and
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all reported p-values are two-sided. All analyses were performed with Statistical Analysis
System software, release 9.1 (SAS Institute, Cary, North Carolina).

RESULTS
According to statin use in 2000 (table 1), compared with statin nonusers, current statin users
tended to have a higher prevalence of diabetes, tended to be heavier, exercise less, smoke
more, consume more protein, carbohydrate, and dietary fiber, but less alcohol, coffee, and
saturated fatty acids. Current statin users also tended to have a higher prevalence of use of
thiazide diuretics, oral contraceptives, and hormone replacement, but lower prevalence of
aspirin use.

In the statin analysis we ascertained 2,479 cases of cholecystectomy during 305,197 person-
years of follow-up between 1994 and 2000. In the age-adjusted analysis, as compared with
statin nonuse, the estimated relative risk of cholecystectomy of current statin use was 0.96
(95% confidence interval (C.I.), 0.82 to 1.12) (model 1, table 2). This association between
current statin use and risk of cholecystecomy was strengthened after further adjustment for
other known risk factors for gallstone disease. In an analysis that included age, body mass
index, recent weight change, parity, oral contraceptive use, hormone replacement therapy,
physical activity, pack-years of smoking, thiazide diuretics, non-steroidal anti-inflammatory
drugs, total energy intake, dietary fiber, protein, alcohol, coffee, carbohydrate, and saturated,
trans, and polyunsaturated fats (model 2, table 2), the relative risk for current statin use,
compared with statin nonuse, was 0.82 (95% C.I., 0.70 to 0.96).

To further examine if duration of current statin use was associated with risk, we created
three categories of duration of use (<2 years, 2-4 years, >4 years). Because there were few
cases in the category of more than 4 years, categories of duration of current statin use were
collapsed into two (<2 years, ≥2 years) for the analysis (table 2). Compared with statin
nonuse, the relative risk for current statin use of less than 2 years was 0.83 (95% C.I., 0.68
to 1.01), and the relative risk for current statin use of 2 or more years was 0.81 (95% C.I.,
0.62 to 1.06) (model 2, table 2).

We additionally incorporated the prospective follow-up period from 2000 to 2004 in the
analysis, and examined the relation of statin use to the occurrence of cholecystectomy
between 1994 and 2004. Compared with statin nonuse, the multivariate relative risk for
current statin use was 0.88 (95% C.I., 0.78 to 0.99). The multivariate relative risk for current
statin use of less than 2 years was 0.92 (95% C.I., 0.80 to 1.07), and the relative risk for
current statin use of 2 or more years was 0.81 (95% C.I., 0.68 to 0.97).

In the general cholesterol-lowering drugs analysis, during 511,411 person-years of follow-
up, we ascertained 3,420 cases of cholecystectomy between 1994 and 2004. In the age-
adjusted analysis, as compared with general cholesterol-lowering drugs nonuse, the relative
risk of cholecystectomy for current general cholesterol-lowering drugs use was 1.04 (95%
C.I., 0.93 to 1.16) (model 1, table 3). This association between current general cholesterol-
lowering drugs use and risk of cholecystecomy was strengthened (relative risk 0.88, 95%
C.I., 0.79 to 0.98) after further adjustment for other known risk factors for gallstone disease
(model 2, table 3). To further examine if duration of general cholesterol-lowering drugs use
was associated with risk, we created three categories of duration of use (<2 years, 2-4 years,
>4 years). Duration of general cholesterol-lowering drugs use was not significantly
associated with risk of cholecystectomy (model 2, table 3).

To examine whether the association between current statin use and risk of cholecystecomy
was modified by other risk factors for gallstones, we repeated the multivariate analyses
within subgroups of risk factors (table 4). We found no apparent effect modification (non-
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significant tests of interaction in the stratified subgroups, all p values > 0.1). The inverse
associations between current statin use and risk of cholecystectomy persisted, although they
were not always statistically significant, which would in part be due to reduced sample sizes
in the subgroups. Among diabetic women, duration of current statin use (<2 years, ≥2 years)
was correlated with risk of cholecystectomy; compared with statin nonuse, the relative risk
for current statin use of less than 2 years was 0.67 (95% C.I., 0.37 to 1.21), and the relative
risk for current statin use of 2 or more years was 0.25 (95% C.I., 0.07 to 0.88). Duration of
current statin use was not significantly associated with risk of cholecystectomy among non-
diabetic women.

To rule out preclinical disease affecting the association between current statin use and risk
of cholecystectomy, we repeated the analysis excluding cases in the first two years of
follow-up. The multivariate relative risk for current statin use, compared with statin nonuse,
remained significant (relative risk 0.81, 95% C.I., 0.68 to 0.97).

It is possible that health care-seeking behavior might create a spurious association between
current statin use and risk of cholecystectomy. To evaluate the potential of detection bias
due to increased medical surveillance, we additionally excluded women without a routine
medical check-up between 1992 and 1994. The multivariate relative risk for current statin
use, compared with statin nonuse, remained significant (relative risk 0.78, 95% C.I., 0.66 to
0.93).

DISCUSSION
In this large cohort study among women, we found that statin use was associated with a
reduced risk of cholecystectomy. We evaluated whether confounding could explain the
observed inverse associations. Adjustments for these potential confounding variables
including other lifestyle or dietary factors did not attenuate, but, rather, strengthened the
associations. A decreased risk persisted in the multivariate analyses, which indicated that the
associations were independent of these known risk factors. Residual confounding by
unknown risk factors is theoretically possible, but the stronger associations with additional
adjustment of a multitude of known or suspected risk factors in the multivariate models
argued against this (36). Although residual confounding by indication is possible, it is
unlikely to bias the association as serum cholesterol levels are unrelated to risk for
gallstones (5). We cannot conclusively exclude the possibility that some unknown factor,
such as socioeconomic status, associated with statin use might be responsible for the risk
reduction as in any observational study. However the population we studied is relatively
homogeneous with respect to education and occupation, confounding by socioeconomic
status was minimized.

This study has several strengths, including a large number of participants and cases, detailed
exposure and covariate information, and high levels of follow-up. Because all participants
are registered nurses familiar with health-related exposures and prescription medications,
our exposure data are likely to be accurate. Except for the statin inquiry in 2000, exposure
data were collected before the end point of cholecystectomy, precluding the possibility of
recall bias.

Clinical and experimental studies on statins have raised hopes that statins may provide
benefits beyond reducing serum cholesterol levels and risk of cardiovascular disease. The
principal potential clinical application of statins in hepatobiliary disorders is for the
treatment or prevention of gallstone disease. Available studies of the effects of statins on
gallstone disease, however, have not been conclusive. Statins have been found to suppress
biliary cholesterol secretion and saturation, unrelated to modulation of cholesterol synthesis.
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In an experiment of pravastatin use in humans, it was found that pravastatin reduced the
secretion of all biliary lipids during an experimental period in which cholesterol synthesis
was unchanged, and, after long-term pravastatin administration, cholesterogenesis was
found to have no direct influence on biliary cholesterol secretion (13). Another possible
mechanism of action of statins on gallstone disease is inhibition of cholesterol crystal
nucleation (21), although results have not been consistent (37-39). Several studies reported a
promising effect of statins on gallstone dissolution (7, 24, 40, 41); however, the beneficial
effect of gallstone dissolution was not shown in other studies (42). The inconsistency among
these studies may be, in part, due to potential time-dependent or dose-dependent effects as a
function of the type of statin (8), small sample size, limited control for potential
confounders, or lack of long-term follow-up.

Present knowledge of pleiotropic effects of statins is mainly related to the anti-inflammatory
and endothelial effects of this drug class (43-45). The effect of statins on glucose
metabolism and insulin sensitivity has been under investigation (46-49). A recent
randomized, placebo-controlled trial testing the effect of statins on insulin sensitivity
revealed that atorvastatin and simvastatin improved the homeostasis model assessment
index, an indirect measurement of insulin resistance, in elderly patients with type 2 diabetes
mellitus (46). Statins, however, appear to have no effect on insulin sensitivity in non-
diabetics (50). Because the occurrence of gallstone disease has been related to
hyperinsulinemia and insulin resistance (51-53), the beneficial effect of statins on insulin
sensitivity among diabetics may be the underlying mechanism for the large apparent risk
reduction we observed among diabetic women using statins for two or more years in the
subgroup analysis.

Despite the fact that all participants in this study are registered nurses who are familiar with
prescription drugs, measurement error in our assessment of statin use might be a potential
concern because we lacked information regarding the validity of self-reported statin use.
However, reporting of other lifestyle factors has been shown to have a high degree of
validity and is reproducible in this cohort (54, 55). Moreover, measurement error would tend
to dampen results leading toward null findings (34), but should not cause a significant
inverse association. Therefore, our results are likely conservative. Our study was limited by
the absence of information in regard to dosage of statins, which prevented us from
addressing the effect of increasing doses of statins on the risk of cholecystectomy. A further
limitation was that our study was designed to evaluate statin use in only two-year intervals,
which limited our ability to precisely examine the association between shorter periods of
exposure to statin use and risk of cholecystecomy.

It is possible that the restriction of the retrospective analysis to current statin users in 2000
might cause recall bias. To evaluate this possibility, we conducted an alternative prospective
analysis of general lipid-lowering drugs in relation to risk of cholecystectomy. In this
prospective analysis, women who were current users of general cholesterol-lowering drugs,
mostly statins in this cohort, as compared with nonusers, also had a decreased risk of
cholecystecomy. Given the high prevalence (93%) of statin use among lipid-lowering drug
users in 2000, this is likely a very good approximation of statin use. Any misclassification of
other cholesterol-lowering drugs as statins or misclassification of use due to inaccurate self-
reporting of the use of these drugs should be non-differential with respect to the end point of
cholecystectomy because this analysis was prospective. In any event, the effect of this type
of error would lead to a relative risk estimate closer to the no-association value of 1.0.
Therefore, the relative risk estimate in this prospective analysis with regard to statin use
tends to be conservative. In addition, in this cohort consistently high follow-up rates reduce
the possibility that our results are biased by women lost to follow up. Thus, these potential
biases should have been minimal. Our findings are unlikely due to biased ascertainment of
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cholecystectomy cases, given the study sample of women and the validity of reports of
cholecystectomies. Moreover, in prospective follow-up studies any uniform under-
ascertainment of cases would not bias the observed relative risks (34).

In conclusion, our findings suggest that use of statins may reduce risk of cholecystectomy in
women. Further study, particularly among diabetics, is warranted to evaluate the
associations of longer durations of statin use and specific types of statins with risk. Our
results should have implications for additional clinical, epidemiological, and mechanistic
research.
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Table 1

Age and age-standardized characteristics of 53,611 U.S. women according to statin use in 2000 in the Nurses’
Health Study

Characteristics Current statin users

Nonusers
(n=45,615)

< 2 years
(n=3,530)

2-4 years
(n=2,708)

> 4 years
(n=1,758)

Current age (years)* 65.9 66.2 66.0 64.8

Current body mass index

(kg/m2)*
25.7 26.9 26.9 26.7

Physical activity (METs)* a 13.7 12.7 12.8 13.2

Any weight loss in prior 2
yrs (%)

37.5 36.7 36.4 37.0

History of oral
contraceptive use (%)

51.9 51.4 52.2 57.4

Current use of HRT (%)b 52.8 52.6 55.7 59.6

History of diabetes (%) 5.0 11.5 10.5 10.1

Regular use of aspirin (%) 45.3 33.2 33.3 32.6

Regular use of thiazide
 diuretics (%)

8.3 12.5 12.9 11.4

Pack-years of smoking* 15.5 17.6 17.7 18.6

Protein (g/d)* 74.2 75.6 75.4 76.1

Carbohydrate (g/d)* 209 213 215 216

Alcohol (g/d)* 5.4 4.6 4.7 4.3

Coffee (cups)* 1.3 1.1 1.2 1.2

Saturated fat (g/d)* 17.4 16.3 15.9 15.6

Polyunsaturated fat (g/d)* 9.2 9.1 9.1 9.1

Trans fat (g/d)* 2.4 2.3 2.3 2.3

Dietary fiber (g/d)* 18.8 19.2 19.4 19.4

*
Values expressed as means

a
Metabolic equivalent tasks per week, defined as a multiple of metabolic equivalent of sitting at rest.

b
HRT = hormone replacement therapy. Only postmenopausal women were included.

Gastroenterology. Author manuscript; available in PMC 2013 May 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tsai et al. Page 12

Table 2

Adjusted relative risks of cholecystectomy according to statin use among US women in the Nurses’ Health
Study: retrospective analysis a

Nonuse Current use

Variable < 2 years ≥ 2 yearsc Total

Cases 2,412 113 54 167

Person-years 283,633 13,907 7,657 21,564

Model 1:
Age-adjusted

(95% C.I.)b

1.00
(referent)

0.97
(0.80, 1.18)

0.93
(0.71, 1.22)

0.96
(0.82, 1.12)

Model 2:
Multivariate

(95% C.I.)b

1.00
(referent)

0.83
(0.68, 1.01)

0.81
(0.62, 1.06)

0.82
(0.70, 0.96)

Model 2: Relative risk adjusting for age, time period, body mass index at the beginning of each two-year follow-up interval, weight change in the
previous two years, parity, oral contraceptive use, hormone replacement therapy, physical activity, pack-years of smoking, thiazide diuretics, non-
steroidal anti-inflammatory drugs, intake of total energy, energy-adjusted dietary fiber, energy-adjusted protein, energy-adjusted carbohydrate,
alcohol, coffee, saturated fat, trans fat, and polyunsaturated fat.

a
Retrospective assessment between 1994 and 2000

b
C.I. = confidence interval.

c
The categories of 2-4 years and >4 years were collapsed into one category due to few cases in the category of >4 years.
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Table 3

Adjusted relative risks of cholecystectomy according to general lipid-lowering drugs use among US women in
the Nurses’ Health Study: prospective analysis a

Nonuse Past use Current use

Variable < 2 years 2-4 years > 4 years Total

Cases 2,979 62 184 109 86 379

Person-years 443,049 8,826 27,975 14,885 16,676 59,536

Model 1:
Age-adjusted

(95% C.I.)b

1.00
(referent)

1.12
(0.87, 1.45)

1.07
(0.92, 1.25)

1.01
(0.83, 1.22)

1.02
(0.82, 1.27)

1.04
(0.93, 1.16)

Model 2:
Multivariate

(95% C.I.)b

1.00
(referent)

0.99
(0.77, 1.28)

0.91
(0.79, 1.06)

0.84
(0.69, 1.03)

0.86
(0.69, 1.07)

0.88
(0.79, 0.98)

Model 2: The multivariate model included the same covariates as in model 2 in table 2.

a
Prospective assessment with follow-up between 1994 and 2004.

b
C.I. = confidence interval.
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Table 4

Multivariate relative risks of cholecystectomy in relation to statin use according to selected risk factors among
US women in the Nurses’ Health Studya

Variables Nonuse
(referent)

Current use
Multivariate relative risk (95% C.I.)b

< 2 years ≥ 2 years Total

Diabetes

 Yes 1.00 0.67
(0.37, 1.21)

0.25
(0.07, 0.88)

0.53
(0.31, 0.93)

 No 1.00 0.82
(0.67, 1.01)

0.85
(0.64, 1.13)

0.83
(0.70, 0.99)

Diuretic use

 Yes 1.00 0.68
(0.40, 1.16)

0.72
(0.34, 1.52)

0.69
(0.44, 1.08)

 No 1.00 0.84
(0.69, 1.04)

0.83
(0.62, 1.12)

0.84
(0.70, 0.99)

Body mass index (kg/m2)

 < 30 1.00 0.90
(0.72, 1.14)

0.88
(0.64, 1.21)

0.89
(0.74, 1.08)

 ≥ 30 1.00 0.79
(0.55, 1.13)

0.87
(0.50, 1.50)

0.81
(0.60, 1.09)

Weight change within past 2 yrs

 > 4 lb 1.00 1.03
(0.74, 1.44)

0.47
(0.21, 1.02)

0.88
(0.64, 1.20)

 ≤ 4 lb 1.00 0.82
(0.64, 1.05)

0.99
(0.73, 1.34)

0.88
(0.72, 1.07)

Current smoking

 Yes 1.00 0.79
(0.42, 1.50)

0.83
(0.32, 2.12)

0.80
(0.47, 1.38)

 No 1.00 0.83
(0.68, 1.01)

0.82
(0.62, 1.09)

0.82
(0.69, 0.97)

Current age

 < 60 1.00 0.59
(0.40, 0.88)

0.79
(0.46, 1.37)

0.65
(0.47, 0.90)

 ≥ 60 1.00 0.93
(0.75, 1.16)

0.81
(0.60, 1.12)

0.89
(0.75, 1.08)

Physical activityc (METs)

 High 1.00 0.88
(0.70, 1.11)

0.85
(0.62, 1.18)

0.87
(0.72, 1.05)

 Low 1.00 0.74
(0.52, 1.05)

0.70
(0.42, 1.18)

0.73
(0.54, 0.98)

Coffee intakec

 High 1.00 0.89
(0.70, 1.13)

0.77
(0.52, 1.12)

0.85
(0.69, 1.04)
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Variables Nonuse
(referent)

Current use
Multivariate relative risk (95% C.I.)b

< 2 years ≥ 2 years Total

 Low 1.00 0.74
(0.54, 1.02)

0.89
(0.60, 1.34)

0.79
(0.61, 1.02)

a
The multivariate model included the same covariates as in model 2 in table 2. In each case, the stratification variable was excluded from the

model. Within each stratum, the group without use of statins served as the reference group.

b
C.I. = confidence interval

c
Median values were used as cut-off point.
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