
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-020-01716-5&domain=pdf
http://orcid.org/0000-0002-0114-1660
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:erik.willis@unc.edu


https://clinicaltrials.gov/ct2/show/NCT00340015
https://clinicaltrials.gov/ct2/show/NCT00340015










all-cause mortality (p trend< 0.0001; Fig. 1; Additional
file 1: Table S1). As compared to participants who never
attempted weight loss, the highest frequency of weight
loss attempts (11+) was associated with a 9% (95% CI,
3–15%) lower risk of all-cause mortality. When the
model was further adjusted for weight change over the
20-year period, the associations remained (p trend =
0.010) and were stronger across all categories of success-
ful weight loss attempts (e.g., HR = 0.88, 95% CI = 0.82–
0. 94 for 11+ attempts).
Those who reported no intentional weight loss at-

tempts but lost weight over the 20-year period (i.e., un-
intentional weight loss) had higher mortality risk (HR =
1.38, 95% CI = 1.33–1.44) compared to participants who
never attempted weight loss but maintained or gained
weight. This association was no longer associated after
adjustment for weight change categories (HR = 1.01, 95%
CI = 0.95–1.07).
The inverse association between weight loss attempts

and total mortality was similar when stratified by age
(Additional file 1: Table S2), for men and women (Add-
itional file 1: Table S1), and participants who were over-
weight/obese or had healthy BMI at the beginning of the
weight loss period (Fig. 2 (A); Additional file 1: Table

S2). Even among those who gained weight over the time
period, an inverse association was observed with 19%
(95% CI, 10–27%) lower risk of mortality for those with
11+ attempts (Fig. 2 (B) and Additional file 1: Table S2).
There were no associations observed for weight main-
tainers (HR = 0.94, 95% CI 0.84–1.04) or weight losers
(HR = 1.03, 95% CI 0.88–1.21) with 11+ weight loss at-
tempts. Across smoking status strata, an inverse associ-
ation was observed between weight loss attempts and
total mortality among never and former smokers, but
not current smokers (Additional file 1: Table S2). Results
were similar when we used multiple imputation to evalu-
ate that possible impact of excluding participants with
missing values on intentional weight loss (Additional file
1: Table S5).
To explore whether the observed associations were

driven by total volume of weight lost, we jointly classi-
fied categories of total weight lost over the 20 years and
frequency of those attempts and estimated the average
amount of weight loss per attempt. (Fig. 3 and Add-
itional file 1: Table S3). Within most categories of total
weight loss, there was a trend toward reduced mortality
with increased frequency of attempts. However, there
was some evidence that the association between

Fig. 1 Risk of all-cause mortality associated with frequency of weight loss attempts of at least 5 lbs in the previous 20 years. Multivariate hazard
ratios (HRs) are adjusted for age, sex, race/ethnicity, education level, health eating index total score, physical activity, sedentary time, smoking,
chronic diseases, self-report overall health, marital status, age at retirement, age at menopause, and starting BMI. Multivariate HRs shown in black
are additionally adjusted for weight change (WC) over time
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frequency of weight loss and mortality was modified by
total weight loss volume. For example, reduced risk was
observed in those with 5–6 weight loss attempts who
lost 5–50 lbs (HR = 0.84; 95% CI = 0.78–0.90), but no as-
sociation in those who lost 100–150 lbs with the same
number of attempts (HR = 0.95; 95% CI = 0.76–1.19). For
large amounts of total weight loss (e.g., 100–150 lbs),
more frequent attempts (9+) with more moderate losses
per attempt (12 lbs/attempt) were associated with lower
risk (HR = 0.91, 95% CI 0.84–0.98), while fewer attempts
with larger losses per attempt (30 lbs/attempt) were not
(HR = 1.19, 95% CI 0.98–1.46).

Frequency of weight loss and cause-specific mortality
The dose-response pattern of association with increasing
frequency of weight loss attempts was apparent for both
cancer mortality (7850 deaths) and cardiovascular mor-
tality (6430 deaths, Fig. 4 and Table Additional file 1:
S4). For cancer mortality, there was an inverse associ-
ation with increasing frequency of weight loss attempts
with the highest frequency of weight loss attempts (11+)
having a 22% (95% CI, 12–30%) lower risk. For cardio-
vascular mortality, there was no significant association
observed for any frequency group. However, a significant
linear trend for both cancer (p = 0.004) and CVD

Fig. 2 Stratified analysis of proportional hazard ratios for all-cause mortality associated with frequency of weight loss (WL) attempts of at least 5
lbs over the previous 20 years, by (A) historical BMI and (B) life course weight loss. Hazard ratios and 95% confidence intervals (CI) are adjusted for
age, sex, race/ethnicity, education level, healthy eating index total score, physical activity, sedentary time, smoking, chronic diseases, self-
reported overall health, marital status, age at retirement, age at menopause, starting BMI, and weight change. Weight losers: reference
group = 1–2 attempts
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mortality (p = 0.021; Additional file 1: Table S4) was ob-
served. After additionally controlling for weight change,
the linear trends approached significance (both p <
0.065; Additional file 1: Table S4).

Discussion
In this large prospective US cohort, we observed that in-
creased frequency of weight loss attempts of five pounds
or more in middle-aged adults was associated with lower
future mortality risk. As compared with individuals who
never intentionally lost at least five pounds, individuals
who had 11+ attempts over 20 years had a 12% lower
risk of death. Notably, this inverse association was ob-
served even among those who gained weight over the

20-year period, suggesting some benefit to frequent at-
tempts at weight loss even if weight is eventually gained
over time. Inverse associations were also evident in men
and women and participants who were initially healthy
weight or overweight/obese. Associations were also
noted for deaths caused by cardiovascular disease and
cancer.
Our findings are consistent with a recent animal study

by Smith and colleagues [31], who randomized obese
mice to ad libitum feeding to sustain obesity, calorie re-
striction to achieve a “normal” or intermediate body
weight, or weight cycling (repeated episodes of calorie
restriction and ad libitum refeeding). As compared to
the sustained obesity group, mice who had periodic

Fig. 3 Proportional hazard ratios for all-cause mortality based on the joint effects of the frequency of weight loss attempts and the total weight
loss based on the sum of those attempts the previous 20 years (n = 161,738). Hazard ratios and 95% confidence intervals (CI) adjusted for age, sex,
race/ethnicity, education level, healthy eating index total score, physical activity, sedentary time, smoking, chronic diseases, self-report overall
health, marital status, age at retirement, age at menopause, starting BMI, and weight change
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weight losses showed 43% lower mortality risk. Further-
more, recent studies suggest that periodic fasting cycles
play a beneficial role by promoting the activation of
degradation and turnover pathways that promote repair
and removal of damaged macromolecules in humans
[32–35]. Combined with our results, this evidence sug-
gests that middle-aged adults may benefit from repeated
weight loss attempts in terms of longevity, even if overall
individuals gain weight over time.
Previous studies assessing weight cycling over time and

mortality risk have yielded mixed results [16–20, 36, 37].
Studies evaluating weight change based on measured or
self-reported weights at discrete time intervals (e.g., biennial
visits) have largely observed an increased risk of mortality
with fluctuations in weight; however, these studies did not
differentiate between intentional and unintentional weight
loss and did not evaluate weight fluctuations, including
weight loss attempts, between visits or questionnaires. The
increased mortality observed in these studies may be more
reflective of individuals with episodes of significant uninten-
tional weight loss due to illness and/or those engaging in
more extreme dieting. Although the numbers were small in
our study, we did not see a mortality benefit for those with
large amounts of weight lost (e.g., 100+ lbs) over few at-
tempts, and those with unintentional weight loss were at
increased risk of mortality. In addition, variability in covari-
ates adjusted for in previous studies of weight change may
also explain differences between these studies and ours. For
example, not all studies adjusted for baseline BMI, and

others did not adjust for education or other potential con-
founders. The importance of adjusting for BMI was
highlighted by the results by Stevens et al. [37], in which
weight cycling appeared harmful in models not adjusted for
BMI, but not in models accounting for BMI. We adjusted
for a large number of important confounding factors, in-
cluding BMI, physical activity, and sedentary time, in our
analysis, and this may have helped clarify an independent
association not seen in previous studies.
In contrast to studies of weight change based on fixed

time points, studies evaluating weight cycling based on
self-reported intentional weight loss attempts have not ob-
served an increased risk of mortality. Consistent with our
study, Field et al. [36] reported a reduced risk of mortality
for weight cyclers based on weight loss attempts over 20
years. Similarly, examining only those who purposefully
lost and regained 10+ pounds, Stevens et al. [37] found
lower mortality for those lost and gained weight 1–4 or
5–9 times, although no association with those who lost
and regained weight 20 or more times over their lifetime.
Unlike the study by Stevens et al. [37], we did not have
data on weight regained after each attempt and so could
not examine the number of times that individuals regained
the weight lost. While nearly all individuals regain weight
previously lost, some do not and those that do may do so
at different rates [38]. By adjusting for weight change over
the time, we were able to account for the cumulative ef-
fects of weight loss and gain in our analysis, even if not
the individual effects.

Fig. 4 Cardiovascular (A) and cancer (B) specific mortality HRs for frequency of weight loss attempts in the previous 20 years. Multivariate sub-
distribution hazard ratios and 95% confidence interval (CI) adjusted for age, sex, race/ethnicity, education level, healthy eating index total score,
physical activity, sedentary time, smoking, chronic diseases, self-report overall health, marital status, age at retirement, age at menopause, starting
BMI, and weight change (WC)
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