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Weight Cycling and Risk of Gallstone Disease in Men
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Background: The long-term effect of repeated inten-

tional weight loss and weight regain on the risk of gallstone disease in men is not clear.
Methods: Participants in the Health Professionals Follow-up Study provided information on intentional weight
loss during the previous 4 years in 1992. Weight cyclers
were men who had intentional weight loss and weight regain. Men free of gallstone disease at baseline were followed from 1992 to 2002. On biennial questionnaires the
participants reported newly diagnosed gallstone disease.
Results: During 264 760 person-years of follow-up we

ascertained 1222 cases of symptomatic gallstones. We examined the effect of weight cycling on the risk of gallstone disease. The multivariate relative risk of weight cyclers, compared with weight maintainers, after adjusting
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for potential confounding variables, including body mass
index, was 1.11 (95% confidence interval [CI], 0.941.31) in light cyclers, 1.18 (95% CI, 0.97-1.43) in moderate cyclers, and 1.42 (95% CI, 1.11-1.81) in severe cyclers. We further examined the effect of number of cycling
episodes. Among weight cyclers, the relative risk associated with having more than 1 weight cycle, compared
with weight maintainers, was 1.10 (95% CI, 0.88-1.37)
in light cyclers, 1.28 (95% CI, 1.03-1.59) in moderate cyclers, and 1.51 (95% CI, 1.13-2.02) in severe cyclers.
Conclusions: Our findings suggest that weight cycling,
independent of body mass index, may increase the risk
of gallstone disease in men. Larger weight fluctuation and
more weight cycles are associated with greater risk.
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ALLSTONE DISEASE IS COM-

mon among adults in
Western countries, and it
is a major source of abdominal morbidity. 1
Obesity is a potent risk factor for cholesterol gallstone disease, although it tends
to be found less consistently in men than
in women.2 Rapid weight loss for treatment of morbid obesity is also associated
with gallstone formation.3 Obesity has become a serious public health problem in
the United States over the past 2 to 3 decades. Approximately 34% of adults in the
United States are overweight, and 30.5%
are obese according to the third National
Health and Nutrition Examination Survey.4 The adverse health effects of overweight and obesity are well recognized, and
it is recommended that those who are overweight or obese with obesity-related risk
factors should lose weight by a combination of increased physical activity and dieting.5 Although approximately 30% of
adult US men are trying to lose weight,6
intentional weight loss is rarely sustained and is often associated with unintentional weight regain, leading to weight
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cycling.7-9 The long-term health consequences of repeated intentional weight loss
and the mechanisms of weight recovery are
still not well understood. Studies have suggested that large weight fluctuations at
some point earlier in life represent an independent risk factor for chronic diseases, including metabolic syndrome.10-13
Intentional weight loss is an independent predictor of subsequent weight gain
among men14; however, the effect of repeated intentional weight loss and weight
regain on risk for gallstones in men is unclear. In a large cohort of US male health
professionals, we examined the relationship of weight cycling to the risk for gallstones. Furthermore, we examined whether
more weight cycles would increase the risk
of gallstone disease.
METHODS

STUDY POPULATION
The Health Professionals Follow-up Study is
a prospective investigation of 51 529 US male
health care professionals aged 40 to 75 years
in 1986 who returned a mailed questionnaire
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regarding anthropometric measures, diet, medications, and medical history. It was estimated that 96% of the participants were
white. Follow-up questionnaires were sent every 2 years to update information on exposures and to ascertain the occurrence of newly diagnosed illnesses, including gallstone disease. Diet was assessed every 4 years. Baseline height, age, and
body weight were ascertained on the 1986 questionnaire, and
participants were asked to report their weight on each subsequent questionnaire. In 1992, participants were asked to provide information on intentional weight loss during the previous 4 years. The questions on weight loss were specifically
designed to address the long-term health consequences of intentional weight loss. We excluded men who reported a cholecystectomy or a diagnosis of gallstone disease in 1992. We
also excluded men who had a diagnosis of cancer, men who
had a daily energy intake outside the range of 800 to 4200 Kcal
per day, men who reported 70 or more blank food items on
the questionnaires, and men who did not complete the questions on intentional weight loss. The average response rate for
biennial questionnaires was greater than 94% in each 2-year
follow-up cycle.15

ASSESSMENT OF WEIGHT CYCLING
Participants were asked to provide information on intentional
weight loss in 1992. The questions included the number of intentional weight loss episodes of varying magnitude. Participants were asked, “Within the last 4 years, how many times did
you lose each of the following amounts of weight on purpose
(excluding illness)?” Weight loss categories were 5 to 9 lb (2.34.1 kg), 10 to 19 lb (4.5-8.6 kg), 20 to 49 lb (9.0-22.1 kg), and
more than 50 lb (⬎22.5 kg). The number of intentional weight
loss episodes and the amount of weight lost during each episode were assessed for the 4 years during 1988 to 1992. In addition to this information, we used the self-reported weights in
the biennial questionnaires to determine net trends in weight
change. The validity of self-reported weight was assessed in a random sample of 123 participants in the greater Boston, Mass, area.16
The Pearson correlation between self-reported weight and measured weight by technicians was 0.97. We defined weight pattern categories by combining the data on intentional weight loss
with the net weight trend for the period 1988 to 1992. Weight
maintainers (n=7443) were men who had no intentional weight
loss and whose net weight remained stable at ±5 lb (±2.25 kg).
Weight cyclers (n=17 286) were men who had intentional weight
loss and weight regain. Weight cyclers were further divided into
3 categories: light cyclers (n=10 027) (maximum intentional
weight loss per episode, 5-9 lb [2.3-4.1 kg]), moderate cyclers
(n=5185) (maximum intentional weight loss per episode, 10-19
lb [4.5-8.6 kg]), and severe cyclers (n=2074; maximum intentional weight loss per episode, 20 lb [9.0 kg] or more). A total
of 24 729 men, including weight cyclers and weight maintainers, were followed from 1992 to 2002.

ASSESSMENT OF DIET
Dietary information was derived from a 131-item semiquantitative food frequency questionnaire (SFFQ).17 Participants were
asked to indicate the frequency, on average, of consuming a
typical serving of selected foods during the previous year. 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 US Department of Agriculture.18 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.19

ASCERTAINMENT OF END POINTS
The primary end point was incident symptomatic gallstones.
On the 1986 questionnaire and on each follow-up questionnaire, participants were asked whether they had undergone a
cholecystectomy or had been diagnosed as having gallstones
by a physician. Participants were also asked whether the gallstone diagnosis had been confirmed by radiographic procedures or surgery and whether their gallstones were symptomatic. To verify the self-reports of clinical gallbladder disease,
including surgical cholecystectomy and diagnosed but unremoved gallstones, a random sample of 441 medical records of
participants who reported a cholecystectomy or gallstones were
reviewed, and the diagnosis was confirmed in nearly all (99%)
of these. Moreover, we confirmed all but 1 of the self-reported
diagnostic procedures and all self-reported symptoms by medical record review.

STATISTICAL ANALYSIS
For each participant, follow-up time accrued from the month
of return of the 1992 questionnaire and ended at the month of
cholecystectomy, diagnosis of symptomatic gallstones, death,
or the end of the study period ( January 31, 2002), whichever
occurred first. Men with asymptomatic gallstones or those whose
gallstone diagnosis was not based on radiologic findings were
excluded from subsequent follow-up.
By using weight maintainers as the reference category, models were used to analyze the effect of weight cycling from 1988
to 1992 and the risk of gallstone disease from 1992 to 2002.
The incidence rates were calculated by dividing the number of
events by person-years of follow-up in each category. Relative
risks (RRs) were calculated as the incidence rate of gallstone
disease among men in different categories of exposure compared with the incidence rate among men in the reference category, with adjustment for age. To account for the possibility
that the impact of weight cycling might differ with height and
body weight, we additionally controlled for body mass index
(BMI, calculated by dividing weight in kilogram by the square
of height in meters) in the analysis. We controlled for BMI as
continuous and categorical (5 categories) variables to ensure
that our results for weight cycling were robust. In this way, we
were able to estimate the RR for gallstone disease resulting from
weight cycling while controlling for weight at the beginning
of each follow-up period. The RRs were calculated by using the
Cox proportional hazards model. Tests of linear trend across
increasing categories were conducted by assigning the median
value of exposure for each category and treating these as a single
continuous variable. In the multivariate analyses, in addition
to adjusting for BMI, we simultaneously included intake of total
energy and potential confounding covariates including biennially updated age (1-year category); physical activity (quintiles); pack-years of smoking (6 categories); history of diabetes mellitus (yes or no); intakes of the following: alcohol
(5 categories); dietary fiber (quintiles); carbohydrates (quintiles); intake of vegetable protein (quintiles); saturated, trans,
polyunsaturated, and monounsaturated fats (quintiles); caffeine (quintiles); and use of thiazide diuretics (yes or no) or
nonsteroidal anti-inflammatory drugs (yes or no). Tests for interaction were performed using likelihood ratio tests by comparing 2 nested models, 1 with the main effects only and the
other with both the main effects and interaction terms. All RRs
are presented with 95% confidence intervals (CIs), and all reported P values are 2-sided. We considered P values smaller
than .05 to be statistically significant. All analyses were performed with SAS statistical software (release 8.2; SAS Institute, Cary, NC).
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Table 1. Baseline Characteristics and Weight Cycling* From 1988 to 1992 Among US Men in the HPFS
Characteristic

Weight Maintainer

Light Cycler

Moderate Cycler

Severe Cycler

7443
55.1
23.9
21.4
10.3
6.5
31.1

10 027
55.1
25.4
20.9
11.1
8.3
35.8

5185
55.0
26.9
19.4
14.3
10.2
37.2

2074
55.1
28.8
17.2
17.1
12.8
37.5

2046
240
11.1
217
23.9
13.1
26.8
2.8
21.1

1964
235
11.6
241
24.2
13.3
27.1
2.8
21.1

1952
230
11.5
262
24.9
13.4
27.7
2.8
21.0

1931
226
10.7
280
25.6
13.5
28.2
2.9
20.9

Participants, No.
Age, mean, y
BMI, mean
METs/wk†
Pack-years of smoking
Regular use of thiazide diuretics, %
Regular use of NSAIDs %
Mean daily intake†
Total energy, kcal/d
Carbohydrates
Alcohol
Caffeine, mg/d
Saturated fat
Polyunsaturated fat
Monounsaturated fat
Trans fat
Dietary fiber

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HPFS, Health Professionals Follow-up Study;
MET, metabolic equivalent task (defined as the energy expended in sitting quietly, which is equivalent to an oxygen uptake of 3.5 mL per kilogram of body weight
per minute for an average adult); NSAIDs, nonsteroidal anti-inflammatory drugs (including aspirin).
*Weight maintainers were men who had no intentional weight loss and whose net weight remained stable at ±5 lbs (2.3 kg). Weight cyclers were men who had
intentional weight loss and weight regain. Weight cyclers were further divided into 3 categories: light cyclers (maximum intentional weight loss per episode of 5 to
9 lbs [2.3-4.1 kg]), moderate cyclers (maximum intentional weight loss per episode of 10 to 19 lbs [4.5-8.6 kg]), and severe cyclers (maximum intentional weight
loss per episode of 20 lbs [9.0 kg] or more).
†Nutrients were energy adjusted; values are given in grams per day except where noted.

Table 2. Age-Adjusted and Multivariate Analyses of Weight Cycling From 1988 to 1992 and Subsequent Risk for Gallstone Disease
(GD) From 1992 to 2002 Among US Men in the HPFS
Type of Cycler
Weight
Maintainer

Variable
Cases of GD, No. (person-years)
Model No., RR (95% CI)
1. Age-adjusted
2. Multivariate*
3. Multivariate†

258 (61 495)
1.00
1.00
1.00

Light Cycler

Moderate Cycler

Severe Cycler

392 (84 890)

214 (44 263)

111 (17 374)

1.21 (1.03-1.41)
1.21 (1.03-1.42)
1.11 (0.94-1.31)

1.35 (1.13-1.63)
1.38 (1.15-1.67)
1.18 (0.97-1.43)

1.82 (1.45-2.29)
1.76 (1.40-2.23)
1.42 (1.11-1.81)

P Value
for Trend

⬍.001
⬍.001
.002

Abbreviations: CI, confidence interval; HPFS, Health Professionals Follow-up Study; RR, relative risk.
*Multivariate model included the following: age, physical activity, thiazide diuretics, nonsteroid anti-inflammatory drugs, history of diabetes mellitus, pack-years
of smoking, alcohol intake, caffeine intake, dietary fiber, carbohydrate intake, vegetable protein intake, intakes of saturated, trans, polyunsaturated, and
monounsaturated fats, and total energy intake.
†Model 2 additionally adjusted for body mass index.

RESULTS

Among the weight cyclers who had repeated intentional
weight loss and subsequent weight gain in the 4-year exposure period from 1988 to 1992, 58% were light cyclers, 30% were moderate cyclers, and 12% were severe
cyclers. At baseline, severe cyclers, compared with light
cyclers, tended to be heavier, sedentary, and heavier smokers and to consume more saturated and monounsaturated fats and caffeine but less alcohol (Table 1).
During 264 760 person-years of follow-up from 1992
to 2002, we ascertained 1222 cases of symptomatic gallstones, of which patients had undergone cholecystectomy. By using weight maintainers as the reference category, we examined the effect of weight cycling from 1988

to 1992 on the risk of gallstone disease from 1992 to 2002.
In the multivariate analysis after controlling for known
or suspected risk factors for gallstones, all the weight cyclers were significantly associated with an increased risk:
the RRs were 1.21 (95% CI, 1.03-1.42) in light cyclers,
1.38 (95% CI, 1.15-1.67) in moderate cyclers, and 1.76
(95% CI, 1.40-2.23) in severe cyclers (P value for trend,
⬍.001) (model 2 in Table 2). After additional adjustment for BMI as a categorical variable, the estimates of
the effect of weight cycling became more conservative;
however, the statistical significance of the RR for severe
cyclers persisted (model 3 in Table 2). After entering BMI
as a continuous variable in the multivariate model, the
RRs among cyclers were little changed: the multivariate
RRs were 1.12 (95% CI, 0.95-1.32) in light cyclers, 1.19
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Table 3. Age-Adjusted and Multivariate Analyses
of Cycling Frequency From 1988 to 1992 and Subsequent
Risk for GD From 1992 to 2002 Among US Men in the HPFS
Model, RR (95% CI)
Type of Cycler
Weight maintainer
Light cycler
1 Cycle
ⱖ2 Cycles
Moderate cycler
1 Cycle
ⱖ2 Cycles
Severe cycler
1 Cycle
ⱖ2 Cycles

1,
Age-Adjusted
1.00

2,
Multivariate*
1.00

3,
Multivariate†
1.00

1.21 (1.02-1.43) 1.21 (1.02-1.44) 1.11 (0.93-1.33)
1.20 (0.97-1.49) 1.21 (0.97-1.50) 1.10 (0.88-1.37)
1.17 (0.89-1.55) 1.14 (0.86-1.51) 0.99 (0.74-1.32)
1.44 (1.17-1.77) 1.52 (1.23-1.87) 1.28 (1.03-1.59)
1.60 (1.15-2.23) 1.56 (1.11-2.18) 1.30 (0.92-1.83)
1.98 (1.50-2.60) 1.93 (1.46-2.54) 1.51 (1.13-2.02)

Abbreviations: GD, gallstone disease; HPFS, Health Professionals
Follow-up Study.
*Model 2: Multivariate model included the following: age; physical activity;
thiazide diuretics; nonsteroid anti-inflammatory drugs; history of diabetes
mellitus; pack-years of smoking; and intakes of the following: alcohol;
caffeine; dietary fiber; carbohydrate; vegetable protein; saturated, trans,
polyunsaturated, and monounsaturated fats; and total energy.
†Model 3: Model 2 additionally adjusted for body mass index.

(95% CI, 0.98-1.44) in moderate cyclers, and 1.40 (95%
CI, 1.10-1.79) in severe cyclers (P value for trend, .002)
To examine whether the association between weight cycling and risk of gallstone disease was modified by risk factors for gallstones, we repeated the multivariate analyses
within subgroups of potential confounding variables. The
positive associations between weight cycling and risk of gallstone disease persisted, and there was no change in effect
(test of interaction, P⬎.05). Particularly, we stratified BMIs
into 3 groups (BMI ⬍25, BMI of 25-30, and BMI ⬎30) and
found no effect modification (test of interaction, P=.54).
We further examined number of cycling episodes from
1988 to 1992 and the risk of gallstone disease from 1992
to 2002. In the multivariate model that included the same
covariates as those in model 2 in Table 2, compared with
weight maintainers, numbers of cycles increased the risk
in moderate and severe cyclers but not in light cyclers. The
multivariate RRs for gallstone disease associated with having more than 1 weight cycle were 1.52 (95% CI, 1.231.87) in moderate cyclers and 1.93 (95% CI, 1.46-2.54)
in severe cyclers (model 2 in Table 3). In the multivariate model that included the same covariates as those in
model 3 in Table 2, the RRs of increased number of cycles
among moderate and severe cyclers were slightly attenuated but remained significant (model 3 in Table 3). After
entering BMI as a continuous variable in the multivariate
model, the RRs were little changed: the multivariate RRs
for gallstone disease associated with having more than 1
weight cycle were 1.29 (95% CI, 1.04-1.60) in moderate
cyclers and 1.50 (95% CI, 1.12-2.00) in severe cyclers.
COMMENT

In this large prospective study among men, we found that
weight cycling with periods of intentional weight loss and

weight regain was common between 1988 and 1992,
whereas maintenance of stable weight was relatively uncommon. In the subsequent 10-year follow-up period,
the risk of symptomatic gallstone disease increased by
approximately 40% in men who had 1 or more weight
loss and gain cycles of more than 20 lb (9.1 kg). More
weight cycles also increased risk: 2 or more weight cycles
increased the risk by approximately 30% in men who had
weight loss and gain cycles of 10 to 19 lb (4.5-8.6 kg)
and by approximately 50% in men who had weight loss
and gain cycles of more than 20 lb (9.1 kg). This effect
was independent of BMI and other known or suspected
risk factors for gallstones.
Many factors have been associated with the risk of cholesterol gallstones,20 but supersaturation of bile with cholesterol, which is closely related to total body fat, is an
important determinant. The potential mechanisms contributing to the association between weight cycling and
gallstone formation observed in our study are likely to
be multiple. In a follow-up study of men who lost about
15% of their body weight during exposure to modest
energy restriction sustained over 2 years during confinement,21 it was found that 6 months after exit from confinement, although their body weight returned to preentry level, the weight regained was almost exclusively
accounted for by an increase in body fat. Studies have
shown that large swings of body weight, especially the
phase of weight recovery, are particularly sensitive to the
accumulation of body fat and to the development of metabolic abnormalities, including insulin resistance,11,12 and
thereby may facilitate gallstone formation.22,23 In animals, weight cycling was demonstrated to be associated
with significant fluctuation of lipogenic enzymes, serum triglycerides, glucose, and insulin.24 In addition,
2 weight cycles could remodel the whole-body fatty acid
composition in animals and markedly lowered the ratio
of polyunsaturated to saturated fatty acids in tissues, which
potentially may increase the risk for gallstones.25-27 Serum leptin and insulin levels were demonstrated to be
significantly greater for weight cyclers than for weight
maintainers.28 In addition, large weight fluctuation is a
risk factor for the development of metabolic syndrome
later in life.11,12 All of these may increase the risk of gallstone formation22,29,30
Our findings were consistent with a report on the relation of weight cycling to cholecystectomy in women.31 Although the association between total obesity and
cholesterol gallstones has been less consistent and more
difficult to demonstrate in men than women,2 rapid weight
loss was more consistently found to increase risk for gallstones in both sexes3,32-35 because of increased bile cholesterol supersaturation, decreased gallbladder contractility, and enhanced cholesterol crystal nucleation. In
short-term studies, the prevalence of new gallstones
reached 10% to 12% after 8 to 16 weeks of a low-calorie
diet and more than 30% within 12 to 18 months after gastric bypass surgery.3 After weight stabilization at a lower
level, bile cholesterol supersaturation could return to reference range and could allow spontaneous dissolution
of gallstones.
In the assessment of weight fluctuations during the
4-year period, some misclassification of weight cycler sta-
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tus might exist. Although participants were asked to exclude weight loss related to ill health, there might be variability in how the participants interpreted the questions,
and some of the weight reported as lost intentionally was
lost unintentionally. However, it is unlikely that men repeatedly lost large amounts of weight unintentionally.
A limitation of the study is that the effect of weight cycling during the 4-year period might not represent entirely the effect of weight cycling in earlier life.
The prospective design of our study avoids the potential for differential recall of exposures between gallstone cases and noncases because all data were collected before the diagnosis of gallstone disease. If recall
error is not associated with weight loss intent or the study
end point, and is thus nondifferential, then it would have
no effect or would bias the effect toward the null and
weaken any true relationship. Previous studies have shown
that self-reports of intentional weight loss and weight
change are reliable.36,37 Our study had serial measurements of weight from which the 4-year weight change
was calculated and had information on the number
of times weight was lost intentionally. The large size
of our study sample allowed us to assess the impact of
weight change within these groups. Consistently high
follow-up rates of the participants also reduce the possibility that our results could be biased by men lost to
follow-up.
Because the participants in this cohort are relatively
homogeneous with regard to race and socioeconomic status, and our results focused on clinically relevant gallstone disease in men, including surgical cholecystectomy or diagnostically confirmed but unremoved
symptomatic gallstones, the results may not be generalizable to the entire population with gallstones.
Although we assessed and adjusted for a number of
potential confounders, we cannot exclude the possibility of residual confounding as in any observational studies. It is possible that the positive association was due to
some unmeasured variable, such as socioeconomic status. However, because the population we studied is relatively homogeneous with respect to education and occupation, confounding by socioeconomic status was
minimized. Residual confounding probably could not entirely explain the observed relationship.38
In this large study it was not possible to perform diagnostic screening procedures for the presence of gallstones. Because most gallstones are silent in men, it is
likely that there was considerable underascertainment of
gallstones. It was not likely that the presence of silent gallstones at baseline was associated with the reporting of
weight patterns. As RR estimation in follow-up cohort
studies would not be biased by uniform underascertainment,39 our results were not likely biased owing to silent gallstones.
In conclusion, our findings suggest that weight cycling, independent of BMI, may increase the risk of gallstone disease among men. Larger weight fluctuation and
more weight cycles are associated with greater risk.
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