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Purpose: Whether central adiposity contributes independently of total adiposity to the risk for gall stones is
inconclusive. We examined prospectively indicators of central adiposity in relation to the occurrence of
gall stone disease.
Methods: We evaluated the relationship between abdominal circumference and waist to hip ratio and risk
of cholecystectomy in a cohort of women who had no history of gall stone disease. As part of the Nurses’
Health Study, the women reported on questionnaires their weights, heights, and waist and hip
circumferences, and the occurrence of cholecystectomy. A total of 42 312 women, aged 39–66 years in
1986, who were free of prior gall stone disease, provided complete waist and hip circumference
measurements in 1986.
Results: We documented 3197 cases of cholecystectomy during 514 283 person years of follow up. After
adjusting simultaneously for regional (waist circumference or waist to hip ratio) and total adiposity (body
mass index) measures as well as for other risk factors of gall stone disease, women with a height adjusted
waist circumference of 36 inches or larger had a relative risk (RR) of 1.96 (95% confidence interval (CI)
1.53–2.51; p trend ,0.0001) compared with women with a height adjusted waist circumference of less
than 26 inches. Waist to hip ratio was directly associated with the risk, with an RR of 1.39 (95% CI 1.16–
1.66; p trend ,0.0001) for women with a waist to hip ratio of 0.86 or higher compared with women with
a waist to hip ratio of less than 0.70.
Conclusion: Abdominal circumference and waist to hip ratio were associated with an increased risk of
cholecystectomy, independently of body mass index in women.

G
all stones are a major source of morbidity in the USA,
and result in more than 800 000 cholecystectomies
each year.1 In developed countries, gall stone disease is

the most common abdominal morbidity for which patients
are admitted to hospitals.2 3 In most Western populations, an
estimated 80% of gall stones are cholesterol stones.4 Many
factors have been associated with the risk of cholesterol gall
stones, but hypersecretion of cholesterol into the biliary tree
is an important determinant of gall stone formation.4 Low
plasma high density lipoprotein (HDL) cholesterol and
hyperinsulinaemia were shown to be associated with greater
risk of gall stone disease.4 5 Central or abdominal obesity,
which is a powerful contributor to metabolic abnormalities
such as insulin resistance, hyperinsulinaemia, reduced
number of insulin receptors, and low plasma HDL choles-
terol,6–8 may play an important role in gall stone formation.9 10

The studies available on the relationship between regional fat
distribution and gall stones are controversial.11–14 These
studies were limited by short follow up periods, incomplete
control of confounding, or a small number of end points.
Moreover, whether regional obesity represents an indepen-
dent risk factor for gall stone disease after taking total
adiposity into account is still not well defined. Thus we
examined prospectively indicators of central obesity in
relation to the risk for cholecystectomy in a large cohort of
women in the USA.

METHODS
Study population
In the Nurses’ Health Study, 121 700 female registered
nurses, predominantly Caucasian, aged 30–55 years, com-
pleted a mailed questionnaire on their medical history and
lifestyle characteristics in 1976. Every two years, follow up
questionnaires were sent to update information on potential

risk factors and to identify newly diagnosed illnesses. This
analysis is based on the follow up of 42 312 women who
provided complete waist and hip circumference measure-
ments in 1986, who answered the 1986 diet questionnaire,
and who did not have a cholecystectomy, a gall stone
diagnosis, or a diagnosed cancer before 1986. The study was
approved by the institutional review board on the use of
human subjects in research of the Brigham and Women’s
Hospital in Boston.

Identification of cases of cholecystectomy
We inquired about the occurrence and date of cholecystect-
omy on each biennial questionnaire. A validation study of the
self report was conducted in a random sample of 50 nurses
who reported cholecystectomy. Forty three of 50 participants
responded, and of these, all reiterated their earlier report, and
surgery was confirmed in all 36 for whom medical records
could be obtained. Cholecystectomy was used as an end point
mainly because gall stone disease is mostly treated surgi-
cally15 and because women are more likely to accurately
report the occurrence and timing of a surgical procedure
rather than untreated gall stones. In addition, symptomatic
gall stones are the main indication for cholecystectomy. In
contrast, only a minor proportion of asymptomatic gall stones
are diagnosed, typically incidentally, making this clinically
less relevant condition an unreliable end point.

Anthropometric assessment
In 1986, participants were instructed to measure their waist
at the level of the umbilicus and their hips at the largest
circumference with a tape measure while standing relaxed
and to report values to the nearest quarter inch. Waist to hip

Abbreviations: HDL, high density lipoprotein; BMI, body mass index
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ratio and waist circumference were used to measure the
relative distribution of fat. Because waist circumference tends
to be correlated with height, we adjusted waist for height by
using residual analysis to remove extraneous variation
related to height. We first regressed waist on height using
linear regression and then added the individual’s residual to
the average waist for a woman of average height to convert
this measure back to the initial scale. We used body mass
index (BMI), which was calculated by dividing weight (in
kilograms) by the square of height (in metres), as a measure
of total adiposity. BMI is correlated with absolute fat mass, as
determined by hydrostatic underwater weighing (r = 0.84–
0.92).16

In 1987, the validity of self reported waist and hip
measures was assessed in a random sample of 140
participants living in the greater Boston, Massachusetts
area.17 The average of two technician measurements spaced
six months apart was compared with the self reported current
weight and waist and hip circumference values on the most
recent questionnaire. Women reliably reported waist circum-
ferences but slightly underestimated hip circumference by an
average of 1.4 cm (0.54 inches). Reported waist-hip ratio was

thus slightly higher than that obtained from directly
measured values. Crude Pearson correlation coefficients for
reported and measured circumferences for waist and hip and
the waist-hip ratio were 0.89, 0.84, and 0.70, respectively.
After adjusting for age, the Pearson correlation between self
report and the average of the technicians’ two measurements
was 0.89 for waist circumference, 0.84 for hip circumference,
and 0.68 for waist to hip ratio. The Spearman correlation
between self reported and measured weight was 0.96. The
mean self reported weight was 1.5 kg lower than directly
measured weight, compatible with the difference between a
casual weight with light clothing and a morning postvoid
nude weight.

Data analysis
We calculated person time of follow up for each participant
from the date of return of the 1986 questionnaire to the date
of cholecystectomy, diagnosis of cancer, date of last
questionnaire return, death, or the end of the study period
in 2000, whichever came first. We computed incidence rates
of cholecystectomy by dividing the number of events by
person years of follow up in each category of waist

Table 1 Baseline characteristics of US women according to waist-hip ratio in the Nurses’
Health Study

Waist-hip ratio category

,0.70
0.70–
,0.74

0.74–
,0.78

0.78–
,0.82

0.82–
,0.86 >0.86

Participants (n) 3538 8831 11101 8677 5631 4534
Mean age (y) 52.6 52.6 52.7 52.8 52.8 52.8
Mean body mass index (kg/m2) 22.9 22.6 23.6 24.9 26.0 27.7
Current smoker (%) 16 18 20 21 23 24
Physical activity (METs)* 16.9 17.2 15.5 13.8 12.3 11.7
Total energy (kcal/day) 1735 1761 1787 1800 1809 1825
Alcohol (g/day) 5.3 6.1 6.6 6.6 6.7 6.7
Dietary fibre (g/day) 18.8 18.4 17.9 17.6 17.2 17.0
Carbohydrate (g/day) 196 195 193 193 192 190
Saturated fat (g/day) 20.4 20.3 20.5 20.7 20.7 20.9
Polyunsaturated fat (g/day) 11.0 11.0 10.9 10.9 10.9 10.9
Monounsaturated fat (g/day) 21.1 21.0 21.2 21.3 21.4 21.6
Trans fat (g/day) 2.9 2.9 2.9 3.0 3.0 3.0
Mean parity (No of births) 2.6 2.8 2.9 3.0 3.1 3.1
History of oral contraceptive use (%) 49.9 50.2 49.4 47.1 47.0 46.8
Current use of HRT (%)� 19.8 18.5 17.6 15.3 14.2 11.3

*Metabolic equivalent tasks per week, defined as a multiple of metabolic equivalent of sitting at rest.
�HRT, hormone replacement therapy. Only postmenopausal women were included.

Table 2 Baseline characteristics of US women according to height adjusted waist
circumference in the Nurses’ Health Study

Characteristics

Height adjusted waist circumference category (inches)

,26 26–,28 28–,30 30–,32 32–,36 >36

Participants (n) 2931 8016 9883 7718 8859 4635
Mean age (y) 52.5 52.6 52.7 52.8 52.8 52.8
Mean body mass index (kg/m2) 20.0 21.2 22.6 24.3 26.7 31.8
Current smoker (%) 27 22 21 20 19 17
Physical activity (METs)* 20.2 18.2 15.5 14.0 12.3 10.0
Total energy (kcal/day) 1728 1757 1775 1791 1808 1856
Alcohol (g/day) 6.6 6.8 7.0 6.7 6.1 4.9
Dietary fibre (g/day) 18.6 18.4 18.0 17.7 17.5 17.0
Carbohydrate (g/day) 197 196 194 192 192 190
Saturated fat (g/day) 20.2 20.1 20.4 20.6 20.8 21.4
Polyunsaturated fat (g/day) 10.8 10.9 10.9 11.0 10.9 11.0
Monounsaturated fat (g/day) 20.8 20.8 21.1 21.4 21.5 21.9
Trans fat (g/day) 2.8 2.9 2.9 3.0 3.0 3.1
Mean parity (No of births) 2.5 2.8 2.9 3.0 3.0 3.1
History of oral contraceptive use (%) 49.8 50.4 49.7 48.5 46.8 44.8
Current use of HRT (%)� 18.9 18.9 18.3 16.6 13.9 10.8

*Metabolic equivalent tasks per week, defined as a multiple of metabolic equivalent of sitting at rest.
�HRT, hormone replacement therapy. Only postmenopausal women were included.
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circumference and waist to hip ratio. The relative risk was
calculated as the incidence rate in a specific category of waist
circumference and waist to hip ratio divided by that in the
lowest category of each index, with adjustment for age in one
year categories.

Multivariable relative risks were computed using the Cox
proportional hazards regression model.18 In multivariable
analyses, we simultaneously adjusted for the following
known or suspected confounding variables: time period,
age, physical activity, parity, oral contraceptive use, post-
menopausal hormone use, pack years of smoking, thiazide
diuretics, non-steroidal anti-inflammatory drugs, total
energy intake, intakes of energy adjusted dietary fibre,
carbohydrates, polyunsaturated fat, monounsaturated fat,
saturated fat, and trans fat, alcohol, and coffee. While
reported diabetes mellitus was associated with obesity and
gall stone disease, we did not control for it in the multi-
variable models, as adjusting for risk factors in the causal
pathway would inappropriately attenuate the true relative
risk of obesity.19 Tests of linear trend across increasing
categories of anthropometric measurements were conducted
by assigning the median values for categories and treating
these as a single continuous variable. All relative risks were
presented with 95% confidence intervals (CI), and reported p
values were based on two sided tests. All analyses were
performed using the Statistical Analysis System software,
release 8.2 (SAS Institute, Cary, North Carolina, USA).

RESULTS
The relationships of waist-hip ratio and height adjusted waist
circumference to baseline characteristics in 1986 are shown
in tables 1 and 2. Participants with a higher waist-hip ratio

and height adjusted waist circumference were more likely to
be sedentary but were less likely to use hormone replacement
therapy and to consume dietary fibre. Waist circumference
was weakly correlated with height (r = 0.15) and strongly
correlated with weight (r = 0.80) and BMI (r = 0.79) while
waist-hip ratio was not correlated with height (r = 20.01)
and was more weakly associated with weight (r = 0.35) and
BMI (r = 0.39).

We documented 3197 cases of cholecystectomy during
514 283 person years of follow up. Age adjusted risk of
cholecystectomy was positively associated with waist-hip
ratio and waist circumferences (model 1 in tables 3–5). In
multivariable analyses adjusting for multiple potential con-
founding variables (model 2 in tables 3–5), waist to hip ratio
was directly associated with risk, with a relative risk of 1.97
(95% CI 1.66–2.35; p trend ,0.0001) for women with a waist
to hip ratio of 0.86 or higher compared with women with a
waist to hip ratio of less than 0.70. Women with a height
adjusted waist circumference of 36 inches or larger had a
relative risk of 3.87 (95% CI 3.12–4.79; p trend ,0.0001)
compared with women with a height adjusted waist
circumference of less than 26 inches. For women with a
crude waist circumference of 36 inches or larger compared
with women with a crude waist circumference of less than
26 inches, the relative risk was 3.40 (95% CI 2.84–4.07; p
trend ,0.0001).

Relative risks were attenuated when multivariable models
were fit to adjust simultaneously for regional (waist
circumference or waist to hip ratio) and total adiposity
(BMI) measures as well as for other risk factors of gall stone
disease (model 4 in tables 3–5). Waist to hip ratio was
directly associated with risk, with a relative risk of 1.39 (95%
CI 1.16–1.66; p trend ,0.0001) for women with a waist to hip

Table 3 Adjusted relative risks of cholecystectomy according to waist-hip ratio among US women in the Nurses’ Health Study

Waist-hip ratio category

,0.70 0.70–,0.74 0.74–,0.78 0.78–,0.82 0.82–,0.86 >0.86 p for trend

Cases 187 516 793 682 546 473 –
Person years 44 622 110 880 137 123 104 898 63 863 52 898 –
Model 1: age adjusted (RR) 1.00 1.10 (0.93–1.30) 1.31 (1.12–1.54) 1.50 (1.27–1.77) 1.93 (1.63–2.29) 1.99 (1.66–2.37) ,0.0001
Model 2: multivariable (RR) 1.00 1.09 (0.92–1.29) 1.32 (1.13–1.55) 1.46 (1.24–1.72) 1.89 (1.59–2.24) 1.97 (1.66–2.35) ,0.0001
Model 3: multivariable (RR) 1.00 1.11 (0.94–1.31) 1.32 (1.13–1.55) 1.44 (1.22–1.70) 1.85 (1.56–2.20) 1.89 (1.59–2.25) ,0.0001
Model 4: multivariable (RR) 1.00 1.12 (0.95–1.33) 1.23 (1.05–1.45) 1.23 (1.04–1.45) 1.48 (1.25–1.76) 1.39 (1.16–1.66) ,0.0001

RR, relative risk (95% confidence interval).
Model 1: RR = relative risk adjusting for age (five year categories).
Model 2: RR = relative risk adjusting for age (one year categories), time period (1986–88, 1988–90, 1990–92, 1992–94, 1994–96, 1996–98, 1998–2000),
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 fibre (quintiles), energy adjusted carbohydrates (quintiles), energy adjusted
polyunsaturated fat (quintiles), energy adjusted monounsaturated fat (quintiles), energy adjusted saturated fat (quintiles), energy adjusted trans fat (quintiles),
alcohol (0, 0.1–4.9, 5.0–14.9, 15.0–29.9, >30.0 g/day), and coffee (0, 1, 2–3, 4+ cups per day).
Model 3: model 2 with additional adjustment for weight change during the past two years (five categories).
Model 4: model 3 with additional adjustment for body mass index (10 categories).

Table 4 Adjusted relative risks of cholecystectomy according to height adjusted waist circumferences among US women in the
Nurses’ Health Study

Height adjusted waist circumference category (inches)

,26 26–,28 28–,30 30–,32 32–,36 >36 p for trend

Cases 103 367 584 598 928 617 –
Person years 37 283 100 866 122 802 94 163 105 545 53 624 –
Model 1: age adjusted (RR) 1.00 1.16 (0.96–1.39) 1.48 (1.24–1.76) 2.03 (1.70–2.41) 2.61 (2.20–3.09) 3.52 (2.95–4.20) ,0.0001
Model 2: multivariable (RR) 1.00 1.29 (1.03–1.60) 1.65 (1.34–2.04) 2.18 (1.73–2.69) 2.99 (2.43–3.68) 3.87 (3.12–4.79) ,0.0001
Model 3: multivariable (RR) 1.00 1.28 (1.03–1.59) 1.62 (1.31–2.01) 2.11 (1.70–2.61) 2.84 (2.31–3.50) 3.55 (2.86–4.41) ,0.0001
Model 4: multivariable (RR) 1.00 1.25 (1.00–1.56) 1.46 (1.17–1.82) 1.69 (1.35–2.11) 1.95 (1.56–2.45) 1.96 (1.53–2.51) ,0.0001

RR, relative risk (95% confidence interval).
For explanation of models 1–4, see footnote to table 3.
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ratio of 0.86 or higher compared with women with a waist to
hip ratio of less than 0.70. Women with a height adjusted
waist circumference of 36 inches or larger had a relative risk
of 1.96 (95% CI 1.53–2.51; p trend ,0.0001) compared with
women with a height adjusted waist circumference of less
than 26 inches. For women with a crude waist circumference
of 36 inches or larger compared with women with a crude
waist circumference of less than 26 inches, the relative risk
was 1.72 (95% CI 1.39–2.13; p trend ,0.0001).

To compare waist-hip ratio and waist circumference using
similar distributions, we also performed multivariable ana-
lyses using deciles of waist-hip ratio and waist circumference.
After adjustment for BMI, recent weight change, and other
potential risk factors, as in model 4 in tables 3–5, women in
the highest decile of height adjusted waist circumference had
a relative risk of 1.86 (95% CI 1.49–2.32; p trend ,0.0001) for
cholecystectomy compared with those in the lowest decile.
The relative risk was 1.47 (95% CI 1.27–1.70; p trend
,0.0001) when women in the highest decile were compared
with those in the 5th decile. For crude waist circumference
measure, the relative risk was 1.72 (95% CI 1.39–2.12; p trend

,0.0001) when extreme deciles were compared. The relative
risk was 1.46 (95% CI 1.26–1.70; p trend ,0.0001) when
women in the highest decile were compared with those in the
5th decile. Women in the highest decile of waist-hip ratio had
a relative risk of 1.35 (95% CI 1.14–1.60; p trend = 0.0001)
compared with those in the lowest decile. The relative risk
was 1.23 (95% CI 1.09–1.38; p trend = 0.0001) when women
in the highest decile were compared with those in the 5th
decile.

We deliberately did not control for diabetes because
diabetes is a potential biological mediator and may be an
effect of obesity. However, to assess residual effects we added
the potential biological mediator into the multivariable
models. After adjustment for diabetes and other covariates,
as in model 4 in tables 3–5, the relative risk was 1.38 (95% CI
1.16–1.65; p trend ,0.0001) for women with a waist to hip
ratio of 0.86 or higher compared with women with a waist to
hip ratio of less than 0.70. Women with a height adjusted
waist circumference of 36 inches or larger had a relative risk
of 1.95 (95% CI 1.53–2.50; p trend ,0.0001) compared with
women with a height adjusted waist circumference of less
than 26 inches. For women with a crude waist circumference
of 36 inches or larger compared with women with a crude

Table 5 Adjusted relative risks of cholecystectomy according to crude waist circumferences among US women in the Nurses’
Health Study

Crude waist circumference category (inches)

,26 26–,28 28–,30 30–,32 32–,36 >36 p for trend

Cases 163 392 589 605 880 568 –
Person years 51 439 104 552 121 003 89 504 99 317 48 469 –
Model 1: age adjusted (RR) 1.00 1.31 (1.00–1.70) 1.37 (1.05–1.80) 1.56 (1.21–2.03) 1.79 (1.39–2.31) 2.63 (2.06–3.35) ,0.0001
Model 2: multivariable (RR) 1.00 1.14 (0.95–1.37) 1.47 (1.24–1.75) 1.99 (1.67–2.37) 2.61 (2.20–3.09) 3.40 (2.84–4.07) ,0.0001
Model 3: multivariable (RR) 1.00 1.13 (0.94–1.36) 1.44 (1.21–1.72) 1.92 (1.61–2.29) 2.48 (2.09–2.94) 3.12 (2.60–3.74) ,0.0001
Model 4: multivariable (RR) 1.00 1.09 (0.91–1.31) 1.27 (1.06–1.52) 1.51 (1.25–1.82) 1.68 (1.38–2.03) 1.72 (1.39–2.13) ,0.0001

RR, relative risk (95% confidence interval).
For explanation of models 1–4, see footnote to table 3.
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waist circumference of less than 26 inches, the relative risk
was 1.72 (95% CI 1.39–2.12; p trend ,0.0001). The
significant positive association persisted even after control-
ling for the potential biological mediator.

Measurements of central obesity were associated with
increased risk of gall stone disease in stratified analyses,
independently of BMI (figs 1, 2). Participants were cross
classified by both measurements of central obesity and BMI
in quartiles. As shown in fig 1, a higher waist to hip ratio was
associated with an increased risk of gall stone disease
regardless of BMI quartile. The relative risk was 3.44 (95%
CI 2.87–4.13) for the combination of the highest BMI and the
highest waist to hip ratio quartiles compared with the
opposite extreme. The test of interaction between waist to
hip ratio associated gall stone disease risk gradient and BMI
was not significant (p = 0.34). As shown in fig 2, larger
height adjusted waist circumference was also associated with
increased risk of gall stone disease, regardless of BMI
quartile. The relative risk was 3.63 (95% CI 3.14–4.20) for
the combination of the highest BMI and the largest height
adjusted waist circumference quartiles compared with the
opposite extreme. There was no statistically significant
interaction between BMI and height adjusted waist circum-
ference (p = 0.67).

We also examined whether the association between height
adjusted waist circumference and risk of cholecystectomy
varied across strata of women based on various potential
confounders for gall stone disease. After repeating the
multivariable analyses within subgroups, the positive asso-
ciations between height adjusted waist circumference and
risk of cholecystectomy persisted in all subgroups without
apparent effect modification of the relationship (table 6).

To evaluate the potential for detection bias due to increased
medical surveillance of overweight women, we additionally
excluded women without a routine medical check-up during

the first two year follow up period. After adjustment for BMI,
recent weight change, and other potential risk factors, waist
to hip ratio was directly associated with risk, with a relative
risk of 1.49 (95% CI 1.22–1.81; p trend ,0.0001) for women
with a waist to hip ratio of 0.86 or higher compared with
women with a waist to hip ratio of less than 0.70. The relative
risk for women with a height adjusted waist circumference of
36 inches or larger had a relative risk of 2.04 (95% CI 1.56–
2.68; p trend ,0.0001) compared with women with a height
adjusted waist circumference of less than 26 inches. For
women with a crude waist circumference of 36 inches or
larger compared with women with a crude waist circumfer-
ence of less than 26 inches, the relative risk was 1.88 (95% CI
1.49–2.38; p trend ,0.0001).

Women who did not provide complete waist and hip
circumference measurements were excluded from the analy-
sis. To explore the possibility that the remaining study
population might differ in their relation between BMI and
risk of cholecystectomy, we compared the multivariable
relative risks, after adjustment for potential confounding
variables, between those who provided complete waist and
hip circumference measurements and those who did not.
Among women who provided complete waist and hip
circumference measurements, those with a BMI > 40.0 had
a relative risk of 2.71 (95% CI 1.96–3.74; p for trend ,0.001)
compared with those with a BMI ,20.0. Among women who
did not provide complete waist and hip circumference
measurements, the relative risk was 2.66 (95% CI 1.86–
3.80; p for trend ,0.001). Among this subset, the risk for
cholecystectomy associated with BMI was not materially
different from those of the original population for analysis.

DISCUSSION
In this large prospective cohort study, we found that
measures of regional fat distribution were independently

Table 6 Multivariable relative risks of cholecystectomy stratified by selected risk factors
according to adjusted waist circumference among US women in the Nurses’ Health Study*

Variable

Height adjusted waist circumference category (inches)

,26 26–,28 28–,30 30–,32 32–,36 >36 p for trend

Age
(60 y 1.0 1.24 1.38 1.58 1.87 2.03 ,0.0001
.60 y 1.0 1.25 1.56 1.80 2.05 1.92 0.0005

Recent weight change�
Stable 1.0 1.25 1.66 2.14 2.94 3.86 ,0.0001
Gained 4 lbs 1.0 0.86 0.99 1.04 1.48 1.82 ,0.0001
Lost 4 lbs 1.0 3.45 2.71 5.26 4.87 5.80 0.0002

Current smoking
No 1.0 1.24 1.45 1.66 1.94 1.92 ,0.0001
Yes 1.0 1.29 1.34 1.59 1.81 2.18 0.007

Physical activity`
Low 1.0 1.13 1.33 1.66 2.01 2.22 ,0.0001
High 1.0 1.29 1.52 1.69 1.94 1.84 ,0.0001

Current alcohol use
No 1.0 1.29 1.54 1.59 1.94 2.00 ,0.0001
Yes 1.0 1.27 1.49 1.82 1.99 1.93 ,0.0001

Hormone replacement therapy
Premenopausal 1.0 1.42 1.72 1.75 1.98 1.81 0.07
Never 1.0 1.18 1.17 1.78 2.14 2.08 0.0008
Current 1.0 1.11 1.37 1.60 1.85 1.71 ,0.0001
Past 1.0 1.89 2.38 2.41 2.85 3.29 0.01

Coffee intake
No 1.0 1.39 1.51 1.76 2.10 1.91 0.001
Yes 1.0 1.18 1.45 1.64 1.87 2.03 ,0.0001

Dietary fibre intake�
Low 1.0 1.24 1.43 1.51 1.90 2.29 ,0.0001
High 1.0 1.29 1.51 1.75 1.97 1.84 ,0.0001

*The multivariable model included the same covariates as in model 2 in tables 3–5. The variable used for
stratification was excluded from the model.
�Recent weight change was defined as weight change in the previous two years.
`Median values were used as the cut off points for stratification.
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associated with the risk of cholecystectomy in women. Both
waist-hip ratio and waist circumference were significantly
associated with an increased risk of cholecystectomy, even
after controlling for BMI. These measures of central adiposity
appeared to capture additional information about risk that
was not encompassed by BMI. Control for several risk factors
had only a small effect on these relations. Our results suggest
that regional fat distribution and central adiposity may be
important for identifying women at high risk for cholecys-
tectomy.

The validity of BMI as a measure of total body fatness has
been assessed by comparison with densitometry. Correlation
coefficients with per cent body fat have generally been
approximately 0.8.16 However, BMI as a useful measure of
total obesity does not distinguish between lean body mass
and body fat. Even though weight or BMI remains stable or
may even decrease because of loss of lean body mass due to
chronic diseases or inactivity, adiposity in older people still
may increase.20 21 Fat mass tends to accumulate intra-
abdominally with age,22 so the importance of abdominal
adiposity in metabolic disturbances and health hazards is
greater in older persons.23 Waist measurement may be a good
estimate of overall body fat, because a large waist is an
unambiguous indicator of excess body fat except in the
presence of abdominal tumours, pregnancy, or fluid accu-
mulation. It has been shown that BMI tends to peak at
approximately 60 years of age and declines thereafter,
whereas the average waist circumference and waist to hip
ratio increase through all age groups.24

Both waist to hip ratio and waist circumference are
relatively easy to obtain and appear to impart clinically
useful information regarding risk of gall stone disease. A
larger waist circumference or waist to hip ratio among
persons of equal weight may be a marker of increased
abdominal visceral adiposity as well as overall adiposity.
However, individual circumference measures, rather than
waist to hip ratios, have less measurement errors,25 and may
be more practical for weight guidelines. Because adjusting
waist for height did not appreciably influence the magnitude
of association with risk of gall stone disease, and because
waist measurement is easy to make, simple waist circumfer-
ence may have practical importance in clinical and public
health settings.

Epidemiological evidence for an association of abdominal
obesity with gall bladder disease has been mixed. An
ultrasonographic survey in a Mexican population reported
that waist to hip ratio was not related to gall bladder
disease.14 There was no significant association of waist-hip
ratio, after adjusting for BMI, with gall bladder disease in a
study of middle aged Japanese military officials.13 However,
in a population ultrasonographic survey of gall stone
prevalence in England, gall stone prevalence had a stepwise
relationship with waist to hip ratio.9 In a US population
ultrasonographic survey for gall stones, waist to hip ratio was
also found to be related to gall bladder disease.26

There are plausible biological pathways through which
central adiposity may cause development of gall stone
disease.27–29 Visceral fat is more metabolically active and thus
increases hepatic exposure to unesterified fatty acids and
decreases insulin sensitivity. Studies have suggested a
relationship between gall stone disease and the metabolic
syndrome linked to abdominal obesity, of which the cardinal
feature is hyperinsulinaemia. Hyperinsulinaemia may cause
increased hepatic cholesterol secretion and cholesterol super-
saturation of bile by upregulating hepatocyte low density
lipoprotein receptors or by activating hydroxymethylglutaryl
coenzyme A reductase.30 Insulin might also increase gall
stone risk through an effect on gall bladder motility.31 In a
recent study, gall bladder volume in the fasting state

increased with increasing intra-abdominal fat mass and
was higher in subjects with impaired glucose tolerance.32 Gall
stone pathogenesis in obesity appeared to be influenced by
total body fat mass and its regional distribution.

In this cohort, because we collected data prior to the end
points, it is unlikely that self reported anthropometric
measurements were influenced by gall stone disease. In
addition, we have demonstrated the validity of self reported
measurements of body weight and of waist and hip
circumferences.17

It was not feasible to perform screening ultrasonography
for the presence of gall stones in this large study population.
Hence we focused on gall stone disease resulting in
cholecystectomy. It is likely that there was considerable
under-ascertainment of gall stones because most gall stones
are asymptomatic. Some undiagnosed gall stone cases might
be present at baseline; however, it was unlikely that the
presence of asymptomatic gall stones at baseline was
associated with the reporting of anthropometric measure-
ments. Our findings were unlikely biased due to asympto-
matic gall stones because relative risk estimation in follow up
cohort studies would not be biased by uniform under-
ascertainment.19 We attempted to estimate the incidence of
newly symptomatic gall stones resulting in cholecystectomy,
which is the clinically relevant portion of gall stone disease.

In conclusion, these prospective data suggest a significant
association between central adiposity and risk of cholecys-
tectomy in women. Abdominal circumference and waist to
hip ratio as measures of abdominal adiposity predict the risk
independently of body mass index.
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EDITOR’S QUIZ: GI SNAPSHOT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Answer
From question on page 702
Cytology of ascites obtained by fine needle aspiration demonstrated a mucinous nature and
class IIIa findings. Appendiceal mass was not identified on computerised tomography (CT)
or barium enema studies. Laparotomy was performed with a working diagnosis of
pseudomyxoma peritonei. Surgical findings included mucinous ascites and an appendiceal
mass 5 cm in diameter which showed mucinous carcinoma on frozen section evaluation.

Pseudomyxoma peritonei represents a slowly progressive disease characterised by copious
amounts of mucoid fluid and tumour that fills the peritoneal cavity. It is generally caused by
a ruptured mucin producing tumour of the appendix or ovary. The first use of the term,
pseudomyxoma peritonei, was attributed to Dr R Werth, a German physician, in 1884. The
diagnosis is confirmed by laparoscopy or laparotomy and supported by peritoneal biopsy. In
the present case, CT failed to demonstrate diagnostic criteria, including scalloping of the
liver and splenic margins by pressure effects, septated ascites, or ascites of mucinous
material containing scattered masses of soft tissue density, hypodense peritoneal implants
that may cause extrinsic pressure on the bowel loops, and a cystic, well encapsulated mass,
sometimes with mural calcification, in the expected location of the appendix. However,
sonography depicted findings indicating mucinous components within copious ascites.

Treatment of pseudomyxoma peritonei includes cytoreductive surgery using peritonect-
omy. Additional therapeutic procedures are controversial but may include systemic or
intraperitoneal chemotherapy. With this therapeutic strategy, five year survival is
approximately 80%.
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