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Abstract

Background: Although obesity is a known risk factor, the impact of weight change on colorectal adenoma risk is less clear
and could have important implications in disease prevention. We prospectively evaluated weight change in adulthood and
incident colorectal adenoma. Methods: We assessed weight change during early-late (age 20 years to baseline, ie, ages 55-74
years), early-middle (20-50 years), and middle-late (50 years-baseline) adulthood using self-reported weight data in relation to
incident distal adenoma in the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (cases¼1053; controls¼16 576).
For each period, we defined stable weight as greater than �0.5 kg to less than or equal to 1 kg/5 years, weight loss as less than
or equal to �0.5 kg/5 years, and weight gain as greater than 1-2, greater than 2-3, or greater than 3 kg/5 years. We estimated
odds ratios (ORs) and 95% confidence intervals (CIs) using logistic regression; all tests were 2-sided. Results: Compared with
stable weight, weight loss during early-late adulthood was associated with reduced adenoma risk (OR¼0.54, 95% CI ¼ 0.34 to
0.86), particularly among those who were overweight or obese at age 20 years (OR¼0.39, 95% CI ¼ 0.18 to 0.84). Results were
similar for early-middle adulthood but less pronounced for middle-late adulthood. Weight gain greater than 3 kg/5 years dur-
ing early-late adulthood was associated with increased risk (OR¼1.30, 95% CI ¼ 1.07 to 1.58, Ptrend < .001). Findings appeared
stronger among men (OR for >3 kg/5 years¼1.41, 95% CI ¼ 1.11 to 1.80) than women (OR¼1.09, 95% CI ¼ 0.79 to 1.50, Pinteraction

¼ .21). Conclusions: Weight loss in adulthood was associated with reduced adenoma risk, particularly for those who were
overweight or obese, whereas weight gain greater than 3 kg/5 years increased risk. Findings underscore the importance of
healthy weight maintenance throughout adulthood in preventing colorectal adenoma.

Over the past 30 years, the prevalence of obesity has risen in the
United States and worldwide (1-3), leading to increased rates of
many chronic diseases. Obesity is an established risk factor for co-
lorectal carcinogenesis (4), with increased risks for both colorectal
adenoma, a precursor to colorectal cancer, and colorectal cancer
(5-7). A meta-analysis of 23 studies identified a positive dose-
response association between obesity and colorectal adenoma (8).
Although studies of colorectal cancer have suggested stronger
associations with body mass index (BMI) among men than women
(7), the evidence is less consistent for adenoma (5,9-12).

To date, most studies have only investigated colorectal ade-
noma risk in relation to obesity or BMI assessed at one point in

time (8), with fewer studies evaluating the role of weight change
and most only assessing weight gain. Weight loss is commonly
recommended for overweight and obese individuals; in 2016,
49% of US overweight adults reported trying to lose weight in
the past year (13). Although weight loss has many beneficial
health effects, whether weight loss can reduce adenoma risk
among overweight and obese individuals remains an important
question. Few studies have evaluated weight loss and colorectal
adenoma, yielding mixed results (12,14,15). With regard to
weight gain, a recent meta-analysis of 9 studies, of which only 4
were prospective, reported a positive association between
weight gain and adenoma risk (16). Although greater cumulative
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lifetime exposure to excess weight could conceivably increase
adenoma risk, previous studies have not evaluated the potential
modifying role of starting BMI or the timing of weight change
throughout adulthood. There may also be critical time periods
when weight gain and obesity may have a greater impact on co-
lorectal carcinogenesis.

We prospectively assessed the associations between weight
change, including both weight loss and gain, over different peri-
ods of adulthood and the risk of incident colorectal adenoma.
We also evaluated potential differences in these associations by
sex and starting BMI. Our study is unique in its conduct in the
screening arm of a large colorectal cancer screening trial that in-
volved screening at both baseline and follow-up, allowing for
adenoma detection without regard to clinical indication. This
study design had several key advantages, including the ability
to prospectively ascertain incident adenoma cases, ensuring
that the weight change preceded disease, and a reduced likeli-
hood of screening bias because of equal opportunity of screen-
ing in the study population.

Methods

Study Design

We evaluated weight change and incident colorectal adenoma
within the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer
Screening Trial. The PLCO trial was a large, multicenter, ran-
domized controlled trial in the United States that enrolled
154 942 men and women aged 55-74 years from 1993 to 2001 to
evaluate the effectiveness of different screening regimens on
mortality from prostate, lung, colorectal, and ovarian cancers as
described previously (17). Participants in the screening arm
underwent flexible sigmoidoscopy screening (FSG) for colorectal
cancer at baseline and again during follow-up either 3 or 5 years
later, T3 or T5 (18). The study was approved by the human sub-
jects review boards at the National Cancer Institute and at the
10 study centers (National Institutes of Health Institutional
Review Board #OH97CN041). Written informed consent was
given by all participants.

The cohort of eligible participants (N ¼ 18 588) for the pre-
sent analysis comprised screening arm participants who com-
pleted the baseline general and dietary questionnaires, who
had adequate baseline and follow-up trial FSG screenings (in-
sertion �50 cm with �90% of mucosa visible or suspicious lesion
found) with no polyps or abnormal or suspicious findings in the
distal colon or rectum at baseline (ie, negative baseline screen),
and who had no prior history of colorectal cancer before the
follow-up trial screening. The participants also had no personal
history of any cancer (except non-melanoma skin) before ran-
domization. We excluded participants who had a self-reported
colon-related comorbidity (ulcerative colitis, Crohn’s disease,
Gardner’s syndrome, or familial polyposis) or a self-reported
history of colorectal polyps (n¼ 959).

Incident colorectal adenoma cases were those who had a
negative baseline trial FSG screen and a positive follow-up trial
FSG screen with distal adenoma subsequently histologically
confirmed during diagnostic follow-up (n¼ 1053). We refer to
the cases as incident distal adenomas because of FSG coverage
of the distal colon and rectum but not the proximal colon.
Advanced adenoma was defined as adenoma at least 1 cm in
size or containing high-grade dysplasia or villous components.
Controls were those who had a negative baseline trial FSG and a
negative follow-up trial FSG (n¼ 16 576).

Weight Change

In the baseline questionnaire, participants self-reported their
weight at age 20 years, 50 years, and baseline (age 55-74 years)
as well as their height. We defined “early-late adulthood weight
change” as the difference in weight between age 20 years and
baseline. Similarly, we defined “early-middle adulthood weight
change” based on the period from age 20 to 50 years and
“middle-late adulthood weight change” based on age 50 years to
baseline. To compute a standardized rate of weight change per
5 years, we divided the difference in weight by the number of
years between the ages and multiplied by 5, so that
weight D B�Að Þ ¼ weightB�weightA

AgeB�AgeA � 5. We chose to evaluate weight
change per 5 years because 5 years was the shortest possible
time period from age 50 years to baseline and using a standard-
ized rate allowed for comparison of results across different peri-
ods of adulthood.

We categorized the rate of weight change into 5 groups based
on the distribution and used integer cutpoints to aid in interpret-
ability. We defined the stable weight group (referent) as weight
loss less than 0.5 kg/5 years or weight gain less than or equal to
1 kg/5 years. We defined the weight loss group as those who lost
at least 0.5 kg/5 years to help maximize the sample size in this
group because relatively few participants lost weight. We defined
3 weight gain groups: little weight gain (1 < D � 2 kg=5 years),
moderate gain (2 < D � 3 kg=5 years), and highest gain
(D > 3 kg=5 years). Supporting the choice of our categories, Sedjo
et al. (12) found a statistically significant association with preva-
lent adenoma for weight gain greater than 1.8 kg/5 years.

Statistical Analysis

We applied multivariable-adjusted logistic regression to com-
pute odds ratios (ORs) and 95% confidence intervals (CIs) for
weight change and incident adenoma. We computed P values
for trend by a Wald test for a pseudo-continuous variable using
the median values for each weight change category determined
in the control group. All tests to determine statistical signifi-
cance were 2-sided, with a¼ 0.05.

All models adjusted for age (�59 years, 60-64 years, 65-69
years, �70 years), sex, race (non-Hispanic Black, non-Hispanic
White, other), starting BMI at age 20 or 50 years (as appropriate
for the weight change period, kg/m2, continuous), total energy
intake (kcal/d, continuous), fiber intake (g/1000 kcal, continu-
ous), total red meat intake (g/1000 kcal, continuous), study year
of second trial FSG screen (T3 or T5), and smoking (never
smoker, former cigarette smoker quit >23 years ago [ie, median
among former smokers in control group], former cigarette
smoker quit � 23 years ago, current cigarette smoker with pack-
years � 45 [ie, median among current smokers in control group],
current cigarette smoker with pack-years >45, and pipe or cigar
smoker only). For models among women only, we additionally
adjusted for hormone replacement therapy. We used simple
imputation based on the most common category in our total
study population to impute missing values (<1%) for smoking,
race, and hormone replacement therapy. Additional adjustment
for alcohol, other dietary variables, health conditions including
diabetes, use of nonsteroidal anti-inflammatory drugs, physical
activity, family history of colorectal cancer, study center, and
randomization year did not appreciably affect results, and these
variables were excluded from the final model.

To evaluate whether the association between weight change
and adenoma differed by sex or starting BMI (overweight or
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obese vs underweight or normal weight), we conducted strati-
fied analyses. We computed global P values for interaction using
likelihood ratio tests comparing nested models with and with-
out the interaction terms using an ordinal weight change vari-
able. We estimated the P value for heterogeneity for a specific
category of interest between strata using a Wald test. We ap-
plied polytomous logistic regression to compute P values for
heterogeneity by advanced adenoma status (advanced, nonad-
vanced) or anatomic site (rectum only, distal colon only).

Results

The average age at trial entry in both the incident colorectal ad-
enoma and control groups was approximately 62 years (Table 1).
Controls tended to consume more fiber, fewer calories, and less
red meat than cases. A higher proportion of cases (67.1%) than

controls (55.3%) was male. Also, cases had a statistically signifi-
cantly higher BMI at age 50 years than controls (P¼ .001), but we
did not observe a statistically significant case-control difference
for BMI at age 20 years (P¼ .08). Cases had a higher percentage
of current smokers than controls. When we compared cases
and controls included in our study with those who were ex-
cluded, we observed similar characteristics (data not shown).

Compared with stable weight, weight loss from early-late
adulthood was associated with a reduced colorectal adenoma
risk (OR¼ 0.54, 95% CI ¼ 0.34 to 0.86) (Figure 1). This corre-
sponded to an absolute risk decrease from 5.6% to 3.5%. The
results were similar for weight loss from early-middle adult-
hood (OR¼ 0.57, 95% CI ¼ 0.37 to 0.88) but less pronounced for
middle-late adulthood (OR¼ 0.85, 95% CI ¼ 0.69 to 1.05)
(Figure 1).

Weight gain from early-late adulthood was associated with
an increased adenoma risk (Ptrend < .001), with participants in

Table 1. Participant characteristics by incident distal colorectal adenoma status in the PLCO Cancer Screening Triala

Covariates
Case Control

P(n¼ 1053) (n¼ 16 576)

Age, mean (SD) 61.9 (5.2) 62.1 (5.2) .22b

�59 y, No. (%) 405 (38.5) 5844 (35.3) .15c

60-64 y, No. (%) 316 (30.0) 5428 (32.8)
65-69 y, No. (%) 217 (20.6) 3513 (21.2)
�70 y, No. (%) 115 (10.9) 1791 (10.8)

Diet, mean (SD)
Energy, kcal/d 2187.4 (822.4) 2082.2 (759.6) <.001b

Fiber, g/1000 kcald 11.2 (3.5) 11.9 (3.6) <.001b

Total red meat, g/1000 kcald 39.7 (22.9) 35.7 (21.9) <.001b

Sex, No. (%) <.001c

Male 707 (67.1) 9172 (55.3)
Female 346 (32.9) 7404 (44.7)

BMI at age 20 y, mean (SD), kg/m2 22.4 (3.0) 22.2 (3.0) .08b

BMI � 25 kg=m2, No. (%) 177 (16.8) 2689 (16.2) .62c

BMI< 25 kg=m2, No. (%) 876 (83.2) 13 887 (83.8)
BMI at age 50 y, mean (SD), kg/m2 26.3 (4.2) 25.9 (4.1) .001b

BMI � 25 kg=m2, No. (%) 628 (59.6) 9021 (54.4) .001c

BMI < 25 kg=m2, No. (%) 425 (40.4) 7555 (45.6)
Race, No. (%) .006c

Non-Hispanic Black 37 (3.5) 470 (2.8)
Non-Hispanic White 958 (91.0) 14 768 (89.1)
Other 58 (5.5) 1338 (8.1)

Hormone replacement therapy (women only), No. (%) .02c

Never 134 (38.7) 2340 (31.6)
Former 47 (13.6) 1094 (14.8)
Current 165 (47.7) 3970 (53.6)

Smokinge, No. (%) <.001c

Never 406 (38.6) 8101 (48.9)
Former (>23 y cigarette cessation) 196 (18.6) 3280 (19.8)
Former (�23 y cigarette cessation) 303 (28.8) 3519 (21.2)
Current (�45 pack-years) 47 (4.5) 464 (2.8)
Current (>45 pack-years) 58 (5.5) 400 (2.4)
Pipe or cigar only 43 (4.1) 812 (4.9)

Study year of second FSG screen, No. (%) <.001c

T3 210 (19.9) 4746 (28.6)
T5 843 (80.1) 11 830 (71.4)

aPercentages presented in the table are based on the data in the respective column. BMI ¼ body mass index; FSG ¼ flexible sigmoidoscopy; PLCO ¼ Prostate, Lung,

Colorectal and Ovarian Cancer Screening Trial.
bP value was calculated by a t test. All tests were 2-sided.
cP value was calculated by a v2 test. All tests were 2-sided.
dVariables were standardized to total energy intake (per 1000 kcal).
eWe divided former cigarette smokers by the median number of years since cessation among former smokers in the control group (23 years). We divided current ciga-

rette smokers by the median pack-years (packs smoked per day x years smoked) among current smokers in the control group (45 pack-years).
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the highest gain group (>3 kg/5 years) having 1.30 (95% CI ¼ 1.07
to 1.58) times greater risk of developing adenoma compared
with those with stable weight (Figure 1). This corresponded to
an absolute risk increase from 5.6% to 7.9%. We also observed
positive associations for weight gain from early-middle adult-
hood (OR¼ 1.08, 95% CI ¼ 0.90 to 1.30, Ptrend ¼ .06) and middle-
late adulthood (OR¼ 1.18, 95% CI ¼ 0.99 to 1.41, Ptrend ¼ .002)
(Figure 1). All models were adjusted for starting BMI (ie, BMI at
age 20 or 50 years), suggesting that adenoma risk associated
with weight change was not due to starting BMI. Starting BMI
was not independently associated with adenoma risk in the ad-
justed models (P> .05).

When we stratified by starting BMI (Table 2), weight loss
from early-late adulthood was statistically significantly associ-
ated with a reduced risk of colorectal adenoma only among
those who were overweight or obese initially (ie, at age 20 years)
(OR¼ 0.39, 95% CI ¼ 0.18 to 0.84); no association was observed
for those with a starting BMI less than 25 kg/m2 (OR¼ 0.79, 95%
CI ¼ 0.43 to 1.45, Pheterogeneity ¼ .16). Associations for weight gain
and colorectal adenoma were similar regardless of starting BMI,
except for middle-late adulthood. Here, there was a statistically
significant positive trend with adenoma risk (Ptrend < .001) for
those who were overweight or obese at age 50 years, but not for
those with a BMI less than 25 kg/m2 at age 50 years (Ptrend ¼ .88,
Pinteraction ¼ .03). The other P values for heterogeneity by starting
BMI were all greater than .20 (data not shown).

When we stratified by sex (Table 3), we observed a more pro-
nounced association between weight change and incident ade-
noma in men than women, although the Pinteraction was not
statistically significant at the 0.05 level (Pinteraction ¼ .21). Among
men, those who lost weight from early-late adulthood had a re-
duced adenoma risk (OR¼ 0.50, 95% CI ¼ 0.28 to 0.90), whereas
the association for women was weaker (OR¼ 0.65, 95% CI ¼ 0.29
to 1.44). Men who gained more than 3 kg/5 years from early-late

adulthood had 1.41 times (95% CI ¼ 1.11 to 1.80) greater risk
compared with those with stable weight. In contrast, the OR for
women was 1.09 (95% CI ¼ 0.79 to 1.50).

Risks were similar for advanced and nonadvanced adenoma
(Supplementary Table 1, available online), except weight loss
from middle-late adulthood was associated with a stronger re-
duced risk for advanced adenoma (OR¼ 0.50, 95% CI ¼ 0.32 to
0.79) than nonadvanced adenoma (OR¼ 0.90, 95% CI ¼ 0.68 to
1.21, Pheterogeneity ¼ .03). We did not find evidence of a difference
in the results by anatomic site for any of the 3 time periods
(Supplementary Table 2, available online).

Discussion

Our study is among the first to prospectively examine the asso-
ciation between weight loss in adulthood and incident colorec-
tal adenoma. We found that weight loss from early-late
adulthood, particularly among those who were initially over-
weight or obese, was associated with a statistically significantly
reduced adenoma risk. Previous observational studies did not
observe an association between weight loss and adenoma risk
(12,14,15). However, our findings are consistent with a study
that observed a lower likelihood of adenoma following bariatric
surgery (19), suggesting a beneficial effect of weight loss on ade-
noma risk in an initially obese population.

We observed a positive association between weight gain in
early-late adulthood and incident adenoma, which is consistent
with previous studies. Meta-analyzing 6 retrospective and 4 pro-
spective studies, Schlesinger et al. (16) found that adults with
high weight gain (median weight gain¼ 17.4 kg during adult-
hood) had an increased adenoma risk (OR¼ 1.39, 95% CI ¼ 1.17
to 1.65) compared with those who had no or minimal weight
gain. This odds ratio was similar to the odds ratio for our high-
est weight gain group (OR¼ 1.30, 95% CI ¼ 1.07 to 1.58), which

Figure 1. Weight change in adulthood (kg/5 years) and incident distal colorectal adenoma in the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial. Odds ra-

tios (ORs) and 95% confidence intervals (CIs) were calculated from logistic regression adjusting for race, age group, sex, total red meat, fiber, total energy intake, body

mass index (BMI) at age 20 years for early-late adulthood and early-middle adulthood or BMI at age 50 years for middle-late adulthood (continuous), smoking status,

and study year of second trial sigmoidoscopy screen. We computed Ptrend based on a pseudo-continuous variable of median values for each weight change category in

the control group using a 2-sided Wald test in the multivariable-adjusted logistic regression model. The error bars represent the 95% CIs.
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Table 2. Weight change in adulthood and incident distal colorectal adenoma stratified by starting BMIa in the PLCO Cancer Screening Trial

Weight change (kg/5 y)

BMI � 25 kg/m2 BMI < 25 kg/m2

Case/control OR (95% CI)b Case/control OR (95% CI)b

Early-late adulthood
Weight loss (D � �0.5) 8/321 0.39 (0.18 to 0.84) 12/230 0.79 (0.43 to 1.45)
Stable weight (�0.5 < D� 1) 56/892 1 (Referent) 244/4137 1 (Referent)
Little gain (1 < D� 2) 45/656 1.12 (0.74 to 1.70) 247/4370 0.91 (0.76 to 1.10)
Moderate gain (2 < D� 3) 32/427 1.19 (0.75 to 1.89) 183/2891 0.98 (0.80 to 1.20)
Highest gain (D> 3) 36/393 1.59 (0.99 to 2.57) 190/2259 1.27 (1.03 to 1.57)
Ptrend

c .001 .02
Early-middle adulthood

Weight loss (D � �0.5) 13/363 0.55 (0.29 to 1.05) 11/269 0.64 (0.35 to 1.20)
Stable weight (�0.5 < D� 1) 50/777 1 (Referent) 242/4028 1 (Referent)
Little gain (1 < D� 2) 56/677 1.24 (0.83 to 1.85) 269/4603 0.91 (0.76 to 1.09)
Moderate gain (2 < D� 3) 18/313 0.82 (0.47 to 1.44) 142/2247 0.96 (0.77 to 1.19)
Highest gain (D> 3) 40/559 1.10 (0.70 to 1.72) 212/2740 1.10 (0.90 to 1.35)
Ptrend

c .15 .13
Middle-late adulthood

Weight loss (D � �0.5) 119/2114 0.88 (0.67 to 1.16) 44/883 0.89 (0.63 to 1.26)
Stable weight (�0.5 < D� 1) 116/1824 1 (Referent) 141/2464 1 (Referent)
Little gain (1 < D� 2) 92/1361 1.11 (0.84 to 1.48) 94/1580 1.06 (0.81 to 1.40)
Moderate gain (2 < D� 3) 74/1029 1.17 (0.86 to 1.58) 51/964 0.94 (0.67 to 1.32)
Highest gain (D> 3) 227/2693 1.36 (1.07 to 1.73) 95/1664 0.97 (0.73 to 1.29)
Ptrend

c <.001 .88

aFor early-middle and early-late adulthood, we stratified by BMI at age 20 years; for middle-late adulthood, we stratified by BMI at age 50 years. BMI ¼ body mass index;

CI ¼ confidence interval; OR ¼ odds ratio; PLCO ¼ Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial.
bOdds ratios and 95% confidence intervals were calculated by logistic regression within each stratum. Within each stratum, we adjusted for race, age group, sex, total

red meat, fiber, total energy intake, BMI at age 20 years for early-late adulthood and early-middle adulthood or BMI at age 50 years for middle-late adulthood (continu-

ous), smoking status, and study year of second trial sigmoidoscopy screen.
cPtrend was calculated by a Wald test for a pseudo-continuous variable using the median values for each weight change category in the control group. All tests were 2-sided.

Table 3. Weight change in adulthood and incident distal colorectal adenoma stratified by sex in the PLCO Cancer Screening Trial

Weight change (kg/5 y)

Men Women

Case/control OR (95% CI)a Case/control OR (95% CI)a

Early-late adulthood
Weight loss (D � �0.5) 13/343 0.50 (0.28 to 0.90) 7/208 0.65 (0.29 to 1.44)
Stable weight (�0.5 < D� 1) 197/2806 1 (Referent) 103/2223 1 (Referent)
Little gain (1 < D� 2) 199/2834 0.99 (0.80 to 1.21) 93/2192 0.86 (0.64 to 1.15)
Moderate gain (2 < D� 3) 149/1835 1.09 (0.86 to 1.37) 66/1483 0.85 (0.62 to 1.18)
Highest gain (D> 3) 149/1354 1.41 (1.11 to 1.80) 77/1298 1.09 (0.79 to 1.50)
Ptrend

b <.001 .43
Early-middle adulthood

Weight loss (D � �0.5) 14/340 0.48 (0.27 to 0.85) 10/292 0.76 (0.38 to 1.50)
Stable weight (�0.5 < D� 1) 190/2384 1 (Referent) 102/2421 1 (Referent)
Little gain (1 < D� 2) 214/2935 0.88 (0.72 to 1.08) 111/2345 1.07 (0.81 to 1.41)
Moderate gain (2 < D� 3) 106/1493 0.84 (0.65 to 1.08) 54/1067 1.11 (0.79 to 1.57)
Highest gain (D> 3) 183/2020 1.02 (0.81 to 1.27) 69/1279 1.16 (0.84 to 1.61)
Ptrend

b .23 .21
Middle-late adulthood

Weight loss (D � �0.5) 114/1918 0.83 (0.64 to 1.06) 49/1079 0.92 (0.63 to 1.34)
Stable weight (�0.5 < D� 1) 179/2606 1 (Referent) 78/1682 1 (Referent)
Little gain (1 < D� 2) 136/1589 1.23 (0.98 to 1.56) 50/1352 0.78 (0.55 to 1.13)
Moderate gain (2 < D� 3) 85/1049 1.14 (0.87 to 1.50) 40/944 0.84 (0.57 to 1.25)
Highest gain (D> 3) 193/2010 1.24 (0.99 to 1.55) 129/2347 1.04 (0.77 to 1.41)
Ptrend

b .001 .49

aOdds ratios and 95% confidence intervals were calculated by logistic regression within each stratum adjusting for race, age group, total red meat, fiber, total energy in-

take, BMI at age 20 years for early-late adulthood and early-middle adulthood or BMI at age 50 years for middle-late adulthood (continuous), smoking status, and study

year of second trial sigmoidoscopy screen. For models among women only, we removed the pipe or cigar only category from the smoking variable due to small sample

size and also adjusted for hormone replacement therapy. BMI ¼ body mass index; CI ¼ confidence interval; OR ¼ odds ratio; PLCO ¼ Prostate, Lung, Colorectal and

Ovarian Cancer Screening Trial.
bPtrend was calculated in each stratum by a Wald test for a pseudo-continuous variable using the median values for each weight change category in the control group.

All tests were 2-sided.
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had a median gain of 31.8 kg from age 20 years to baseline.
Among the 4 prospective studies in this meta-analysis, 2 of
them (20,21) evaluated early-late adulthood weight change.
Consistent with our study, Wise et al. (20) found a statistically
significantly increased risk of colorectal adenoma in the weight
gain group (�30 kg since age 18 years) compared with the stable
weight group. Botma et al. (21), however, who studied a cohort
of mismatch repair gene mutation carriers, did not detect a sta-
tistically significant association between weight gain and ade-
noma risk.

An advantage of our study was the ability to examine weight
change during several different periods of adulthood. We ob-
served some evidence of a stronger effect of weight loss in
early-middle adulthood than middle-late adulthood. Our find-
ings may be in part because weight loss at younger ages is more
likely to be intentional (eg, because of diet and/or exercise). In
contrast, weight loss at older ages may be more likely uninten-
tional (eg, because of illness) (22). However, we were unable to
investigate this further because we did not have data on inten-
tionality of weight loss in our study. With regard to weight gain,
we observed positive associations with colorectal adenoma in
all 3 time periods, suggesting the importance of weight gain
throughout adulthood in adenoma risk. The mechanism by
which increased weight and obesity increases adenoma risk is
unknown, but insulin resistance and subsequent hyperinsuline-
mia leading to increased insulin-like growth factor 1 (IGF1) sig-
naling may promote colorectal neoplasia through increased cell
proliferation and reduced apoptosis (23).

We observed a stronger association for weight change and
adenoma among men; findings were attenuated and did not
reach statistical significance in women. Geer et al. (24) found
that men had greater amounts of visceral and hepatic adipose
tissues than women at the same BMI, which may contribute to
differing findings by sex. Another possible mechanism could be
due to the modifying effect of estrogen. Studies have found that
obesity is positively associated with estrogen production in
women (25), and estrogens have a protective effect against colo-
rectal carcinogenesis (26). Although Botma et al. (21) did not ob-
serve statistically significant associations for weight change
regardless of sex, similar to our study Jung et al. (27) found sta-
tistically significant associations in men but not in women.
However, there was no formal test of effect modification by sex.

Similar to the meta-analysis by Schlesinger (16), we did not
observe evidence of differences in the association between
weight change and adenoma risk by anatomic site. We also did
not observe differences by advanced adenoma status, except for
weight loss in middle-late adulthood, which was statistically
significantly associated with advanced, but not nonadvanced,
adenoma. Sedjo et al. (12) found a statistically significant associ-
ation between weight gain and advanced adenoma but not non-
advanced adenoma; however, there was no formal test for
heterogeneity. Our findings are similar to those of Morois et al.
(15), who did not observe statistically significant differences by
advanced adenoma status.

Our study had several limitations. Because participants were
screened with sigmoidoscopy, our study was limited to distal
colorectal adenoma; we were unable to assess risk for proximal
adenoma. It is also possible that some controls in our study had
undetected proximal adenoma, which may have attenuated our
findings for weight change. Our study population largely com-
prised non-Hispanic White individuals, and therefore additional
research is needed in more diverse populations. We used
weight information from self-administered questionnaires, and
there may be errors in the participants’ ability to accurately

recall their weight. However, because all weight information
was acquired before sigmoidoscopy, any misreporting likely did
not vary by disease status. In our analyses by starting BMI, we
were unable to separately evaluate associations for the over-
weight and obese categories because of small numbers, particu-
larly for weight loss.

Our study also had several strengths. This is one of the few
prospective studies that evaluated incident adenoma in relation
to weight change, including weight loss and gain, in different
time periods in adulthood. Further, in drawing our population
from the screening arm of the PLCO trial, we were able to restrict
our population to those who had a negative baseline trial screen,
allowing us to identify incident adenomas based on the follow-
up trial screen 3-5 years later. Most studies are limited to preva-
lent adenoma, which could have been present for many years
before detection, making the assessment of weight change be-
fore adenoma development difficult and increasing the poten-
tial for reverse causation to occur. Reverse causation is a major
problem in studies of weight loss and cancer, but based on our
prospective study design we do not expect this to have influ-
enced our findings. Within the PLCO screening arm, all patients
had an equal opportunity to be screened, minimizing potential
selection bias because of unequal access to care. In addition, we
were able to adjust for a variety of potential confounders.

In conclusion, although the sample size for the weight loss
group was relatively small, we found that weight loss in adult-
hood was associated with a statistically significant 46% reduced
risk of incident distal colorectal adenoma. When we stratified
by starting BMI, the weight loss finding was more pronounced
and achieved statistical significance only among those who
were overweight or obese in early adulthood. Our findings are
consistent with other studies in demonstrating a positive asso-
ciation for adulthood weight gain and incident adenoma.
Although additional studies are needed to replicate these find-
ings, our study highlights the importance of healthy weight
maintenance and avoidance of weight gain throughout adult-
hood in preventing colorectal adenoma. Given the rise in obe-
sity among adults (2), our findings suggest weight loss may help
prevent adenoma in addition to other known health benefits.
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