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Abstract

As the prevalence of overweight and obesity have risen over the past few decades, so have
weight control attempts. Research has shown, however, that intentional weight loss results
are often short-lived, with people regaining the weight over time. This can lead to weight
cycling—losing and gaining weight repeatedly. Previous research, mostly done over two
decades ago, concluded there was no relationship between weight cycling and psychologi-
cal health. The goal of the current paper was to re-examine the relationship between weight
cycling and depressive symptoms in a national sample of American adults (N =2702; 50.7%
female; mean age = 44.8 years). If, as hypothesized, there is a relationship between more
frequent weight cycling and depressive symptoms, then internalized weight stigma will be
examined as a potential mediator of the relationship. Results of a cross-sectional survey
showed that 74.6% of adults report they have intentionally tried to lose weight. Amongst
those who have tried to lose to weight, the average number of weight cycles over the lifetime
was 7.82 cycles. Simultaneous regression showed that greater weight cycling was related
to greater reported depressive symptoms (8 =.15, p<.001), controlling for age, gender,
education, income, and body mass index. Internalized weight stigma was a partial mediator
of this relationship. Discussion focuses on the potential implications for weight cycling and
mental health.

Introduction

As the prevalence of obesity rises in the United States and worldwide [1], increasing attention
has focused on weight management. Reviews of randomized clinical trials of weight loss inter-
ventions show a consistent pattern: People initially lose weight; the weight loss plateaus around
six months; slow, steady weight gain follows [2, 3]. In many cases, people gain back more
weight than they lost, leaving them at a higher weight than before their initial weight loss
attempt (for review see [4]). Despite, or perhaps because of, this weight regain, people attempt
anew diet or exercise program, ever hopeful that “this time” they will lose the weight and keep
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it off [5]. Thus, people can find themselves “weight cycling” or “yo-yo dieting”-losing weight
followed by gaining weight repeatedly over time.

In the current work, we focus on the potential relationship between weight cycling and
mental health, specifically depressive symptomatology. Research published primarily before
the year 2000 concluded that there was no relationship between weight cycling and depression
[6-8]. Reviews found that once current body mass index (BMI) was taken into account, initial
relationships observed between weight cycling and poorer mental health outcomes tended to
disappear [9, 10]. However, these studies were conducted two decades ago, and millions of
Americans continue to participate in weight loss attempts and programs every year [11].
Indeed, levels of body weight have changed dramatically in just a few decades. For example,
from 1999-2016 American children ages 2-19 show increased prevalence of overweight and
obesity at every age group [12]. The increasing weight of adults is also well-documented, with
the prevalence of obesity increasing from 30.5% in 1999 to 42.4% in 2017 [1]. In short, more
people are now living with extra body weight at an earlier age and over the lifetime.

As people are living with heavier weight across their lifespans, they are also self-reporting
more frequent attempts at weight loss, with a linear upward trend in dieting from 1999 to 2016
[13]. Given the evidence of increased weight and increased weight loss attempts, we examined
the relationship between weight cycling and depressive symptoms in a large sample of Ameri-
can adults. Two recent studies point to a connection between weight cycling and depressive
symptoms. Researchers studying a representative population sample of people in Germany,
found that “severe” weight cyclers (defined in this study as at least 3 cycles of losing 10 kilo-
grams or approximately 22 pounds or more) reported higher depression levels than non-
severe-weight-cyclers [14]. This study did not report results while controlling for BMI and
only included participants with overweight and obese BMIs. A prospective study of mid-life
women in Australia, which did control for BMI, showed higher odds of depressive symptoms
for more frequent weight cyclers [15]. Thus, recent evidence suggests that weight cycling may
be related to depressive symptoms. Additional research is warranted to further examine this
relationship, including possible mechanisms for why these positive associations may emerge.

Research on weight stigma points to one possible pathway that may help explain the associ-
ation between weight cycling and depressive symptoms: Internalized weight stigma. Internal-
ized weight stigma, also called weight bias internalization, is the extent to which people believe
that negative weight-related stereotypes (e.g., people with larger bodies have less willpower, are
less competent, or are unattractive) are true of the self, and engage in self-devaluation for one’s
weight status [16]. Internalized weight stigma has been consistently related to worse mental
health outcomes in both treatment seeking [17] and non-treatment seeking samples [18, 19]
but has not been examined in the context of weight cycling. We hypothesize that internalized
weight stigma could be one pathway through which repeated weight cycling may negatively
impact mental health. Specifically, repeated weight cycling may lead people to feel like they
have failed to effectively control their weight and thus be more likely to internalize negative
weight-related beliefs about the self.

The present study utilized a diverse, online, community sample of American adults with
approximately equal numbers of men and women. The sample encompasses a broad weight
and age range, and is not a treatment-seeking sample. Thus, this sample is likely more typical
of the population of Americans trying to manage their weight compared to tightly controlled
clinical trials of weight loss and maintenance. We expected to find a positive relationship
between weight cycling and increased depressive symptoms, but, based on previous research,
that this relationship may attenuate once BMI is taken into account. In addition, because pre-
vious research has found that women report more dieting than men [20] and more discrimina-
tion based on their weight [21] we assessed whether the relationship between weight cycling
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and depressive symptoms is moderated by gender. Finally, we examined internalized weight
stigma as a mediator of the relationship between weight cycling and depressive symptoms.

Methods

Research methods were approved by the University of Connecticut Institutional Review Board
(Protocol #X15-093), with written (online) consent.

Participants

A sample of 3087 American adults was randomly drawn from a national survey panel adminis-
tered during 2015-2016 by Survey Sampling International (SSI; Shelton, CT), which includes
over 2 million active research respondents recruited from more than 3400 sources. SSI
employs validation processes comparing respondent demographic characteristics to multiple
databases, and uses demographic quotas for sex, race, and income to approximate U.S. census
data within the online population. All panelists were 18 years or older (see also [22, 23]). Par-
ticipants with missing or improbable values on key variables such as height and/or weight

(n =312), as well as statistical outliers on these variables (n = 73), were excluded, resulting in a
final sample of 2702 participants. The number of participants in each of the analyses below var-
ies with missing data (people who skipped questions).

Measures

Demographics. Participants reported their gender (50.7% female), age in years
(M =44.77, SD = 16.99), and racial/ethnic classification (64.1% White, not Hispanic, 15.6%
Latino/Hispanic; 12.5% African American; 5.8% Asian; 2% Other). Their highest level of edu-
cation was measured in categories ranging from less than high school to postgraduate degree
(median education level: college graduate) and their current household income was measured
from < $25,000 to $125,000+ in sets of $25,000 (median income was between $50,000—
75,000). They also reported their current height and weight, and these numbers were used to
compute their current body mass index (BMI, M = 26.95, SD = 6.02); with 5% classified as
‘underweight’ (BMI < 18.5); 37% ‘normal weight’ (BMI 18.5-24.9); 32% ‘overweight’ (BMI
25-29.9); and 25% ‘obese’ (BMI > 30).

Weight cycling history. Participants were first asked “Have you ever done anything to try
to lose weight?” (yes/no). Those who said “yes” were presented with a weight cycling measure
from Venditti and colleagues [24]. The instructions asked participants to “Please indicate the
number of times you have intentionally lost the following amount of weight in your lifetime:”
This was followed by a table with choices including 1 to 9 Ibs; 10-19 Ibs; 20-49 lbs; 50-79 Ibs;
80-99 Ibs; and 100 or more pounds. For each weight loss amount, participants indicated the
number of times that they had lost that amount of weight, choosing from the categories: Never,
1-2 times, 3-5 times, 6-10 times, More than 10 times. Total number of weight cycles was calcu-
lated by summing the midpoint of the number of times endorsed (0, 1.5, 4, 8, or 10) across all
the weight loss magnitude categories. Previous research has also examined just the number of
weight cycles of 10 pounds or more [25], and/or 20 pounds or more [26]. We calculated these
as well, using the same methods as for total weight cycles.

Depressive symptoms. Participants completed the 10-item Center for Epidemiologic
Studies—Depression scale (CES-D-10; [27, 28]). The CES-D-10 measures the frequency of
common depression symptoms (such as depressed affect and somatic symptoms) during the
past week (response options range from 1 = rarely or none of the time, to 4 = most or all of the
time), with higher scores indicative of greater severity of depression symptoms. This measure
has been well-validated with adult samples (current sample: M = 1.84; SD = .68; a = .89).
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Internalized weight bias. The Weight Bias Internalization Scale-Modified (WBIS-M; [29,
30]) was completed as the measure of internalized weight stigma, which assesses endorsement
of weight-related stereotypes toward oneself and self-devaluation due to weight. In line with
recommendations based on the psychometric properties of the scale [31] the WBIS-M is a
10-item Likert scale with responses rated from 1 = strongly disagree to 7 = strongly agree on
items such as “I hate myself for my weight” and “I don’t feel that I deserve to have a really ful-
filling social life, because of my weight.” The measure has been well-validated with adult sam-
ples (current sample: M = 3.43; SD = 1.60; o = .94).

Statistical analysis

We first present descriptive statistics examining the extent to which participants report ever
intentionally trying to lose weight. Then, amongst those participants who report ever inten-
tionally trying to lose weight, we examine mean levels of weight cycling reported over the life-
time as well as gender comparisons of mean levels of weight cycling. To examine the potential
relationship between weight cycling and depressive symptoms, we present bivariate correla-
tions between all of the variables followed by a simultaneous linear regression predicting
depressive symptoms from weight cycling, while controlling for demographic variables,
including BMI. We then examine whether the relationship between weight cycling and depres-
sive symptoms is moderated by gender. Finally, after examining the bivariate relationships
between weight cycling, internalized weight stigma, and depressive symptoms, we examine a
mediation model using Hayes’ PROCESS model [32].

All analyses examining weight cycling included only those participants who reported hav-
ing ever intentionally attempted weight loss (N = 2013), excluding those who had never inten-
tionally tried to lose weight (N = 686). To facilitate comparisons of our findings to previous
work on weight cycling, we present analyses using the total number of weight cycles, weight
cycles of 10 or more pounds, and weight cycles of 20 or more pounds, given that previous
research has used each of these definitions for weight cycling. Our results are similar regardless
of which weight cycling definition is examined.

Results

As can be seen in Table 1, almost 75% of the sample indicated that they had attempted to lose
weight at least once in their lifetime. Examining these results by demographic variables shows
some differences between groups. Specifically, a greater proportion of women than men indi-
cated ever intentionally trying to lose weight; African Americans and Asian Americans were
less likely than White and Latinx participants to report ever intentionally trying to lose weight.
People with less education and lower income were less likely than those with higher education
levels and higher income to report they had ever intentionally tried to lose weight. These
group differences, however, were relatively small as indicated by both the absolute percentages
and the small effect sizes (Cramer’s V) in Table 1. The majority of people in every group indi-
cated that they had intentionally tried to lose weight at least once in their life.

Weight cycling

The total number of weight cycles ranged from 0 (people who said they have tried to lose
weight but did not lose any) to 60, with a mean number of 7.82 weight cycles over the lifetime
(Median = 5.5; SD = 8.0). The mean number of weight cycles of 10 or more pounds was 4.17

(Median = 1.5, SD = 6.18) and the mean number of weight cycles of 20 or more pounds was
2.1 (Median = 1.5; SD = 4.70).
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Table 1. Self-report of whether participants had ever attempted to lose weight.

Sex
Women
Men
Race/Ethnicity
White
African American
Hispanic/Latino
Asian/Pacific Islander
Other
Education
High School or less
Vocational/some college
College graduate and up
Current Income
< 25K
25K-49K
50K-74
75-99
100-124
125+
Overall

n Yes (%) v p Cramer’s V
2691 64.55 <.001 0.16
1368 81.2
1323 67.7
2695 54.02 < .001 0.14
1730 78.2
336 64.3
420 75.2

156 59.0

53 64.2
2686 39.18 < .001 0.12
463 63.3
848 76.1
1375 77.7
2687 25.05 <.001 0.10
408 67.2
680 71.5
565 76.8
461 77.4
214 78.0
359 79.7
2699 74.6 652.4 <.001

Group differences tested using Chi-square goodness of fit statistic. Cramer’s V is a measure of effect size.

https://doi.org/10.1371/journal.pone.0239004.t001

Gender comparisons in weight cycling frequency. ANCOVAs examining gender differ-
ences in frequencies of weight cycles (covarying age and current BMI) found few differences
between women and men. This was true for total weight cycles (Myomen = 8.05, SDywomen =
8.10; Miyen = 7.53, SDpen = 7.83; F(1, 1957) = 4.12, p = .043, nP2 =.002), weight cycles of 10
pounds or more (Myomen = 4-25, SDyomen = 6-24; Myen = 4.06, SD e, = 6.13; F(1, 1854) =
1.41, p = .235, np2 =.001), and for weight cycles of 20 pounds or more (Myomen = 2.10, SDyyomen
=4.72; Minen = 2.10, SDyen, = 4.74; F(1, 1757) = .11, p = .740, np2 < .001). BMI was a significant
covarijate in each ANCOVA, with higher BMI related to more weight cycles.

Bivariate correlations

Table 2 shows bivariate correlations between gender, age, education, income, BMI, weight
cycling, and internalized weight stigma, and depressive symptoms (CES-D-10). As predicted,
weight cycling was correlated with depressive symptoms, with r-values ranging from .12 to .15,
and well as with internalized weight stigma, r-values ranging from .16 to .21. Replicating previ-
ous findings, gender was correlated with depressive symptoms (r = -.10), with women report-
ing more depressive symptoms than men. BMI was also correlated with depressive symptoms,
(r = .07), with people with higher current BMIs reporting higher levels of depressive symp-
toms. All of the demographic variables (age, education, and income) were correlated with
depressive symptoms but not with weight cycling. People who were older, wealthier, and more
educated reported lower levels of depressive symptoms. All of the variables were correlated
with internalized weight stigma; participants who were women, younger, less educated, lower
income, higher in BMI, and who reported more frequent weight cycling all reported greater
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Table 2. Bivariate correlations.

1 2 3 4 5 6 7 8 9
1: Gender -
2: Age .095** -
3: Education .09** .109** -
4: Income .094** .086** 416" -
5: BMI .064** .153** -0.031 -.064** -
6: Total WC -0.036 0.014 0.042 0.017 167%* -
7:>101b. WC -0.019 0.028 0.018 -0.013 .163** 914+ -
8:>201b. WC -0.002 0.02 -0.001 -0.027 1207 778** .923** -
9. WBIS -.128** -.254** -.057%* -.095%* .293** 217+ 209 1637 -
10: CES-D-10 -.103** -.296** -.140%* -.200%* .069* 152+ 156 1247 6167

Gender is coded women (-1), men (1); BMI = Body Mass Index; Total WC = total number of weight cycles over the lifetime; > 10 Ib. WC = number of weight cycles

with 10 pounds or more lost/regained; > 20 Ib. WC = number of weight cycles with 20 pounds or more lost/regained; WBIS = Weight Bias Internalization Scale-

Modified; CES-D-10 = Center for Epidemiologic Studies-Depression 10 item scale.

“p<.05
*p<.01.

https://doi.org/10.1371/journal.pone.0239004.t002

internalized weight stigma. Internalized weight stigma was strongly correlated with depressive
symptomology (r = .62).

Weight cycling and depressive symptoms

In previous research, the relationship between frequency of weight cycling and depression

reduced or disappeared once BMI was taken into account [24]. Thus, we conducted a simulta-
neous linear regression with total lifetime weight cycles predicting depressive symptoms with
gender, age, education, income, and BMI all entered as covariates. As depicted in the first col-
umn of Table 3, weight cycling remained a significant predictor of depressive symptoms with
all of the covariates in the model (full model F(6, 1731) = 52.16, p < .001). Similar patterns
were found when examining weight cycles of 10 pounds or more (column 2 in Table 3), and
weight cycles 20 pounds or more (column 3 in Table 3).

Interaction between gender and weight cycling on depressive symptoms. In order to
examine whether the relationship between weight cycling and depressive symptoms was mod-
erated by gender, we added the interaction term to the linear regressions reported above. As
can been seen in the final row of Table 3, the interaction was not significant, suggesting that

Table 3. Predicting depressive symptoms (CES-D-10) from weight cycling.

Total weight cycles (N = 1737) Weight cycles of 10 Ibs or more Weight cycles of 20 Ibs of more
(N = 1647) (N = 1563)
B r B 4 B p
Gender -0.03 0.181 -.03 223 -.04 130
Age -0.27 < .001 -.27 < .001 -27 <.001
Education -0.06 0.016 -.05 .037 -.04 .094
Income -0.17 <.001 -.16 <.001 -.17 <.001
BMI 0.05 0.049 .05 .060 .06 .019
Weight Cycling 0.15 <.001 15 <.001 11 <.001
Total Adj. R? 0.15 <.001 0.145 <.001 138 <.001
Gender X Weight Cycling Interaction -.05 121 -.04 .164 -.02 423

https://doi.org/10.1371/journal.pone.0239004.t003
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Internalized
Lifetime Weight Depression
Cycli CES-D
yeume 149%#/,043% (CES-D)

Fig 1. The relationship between weight cycling and depressive symptoms mediated by internalized weight stigma.
Path weights are standardized regression weights. Total effect is printed in grey text. Mediation analysis included
gender, age, education, income, and BMI as covariates.

https://doi.org/10.1371/journal.pone.0239004.9001

the effect of weight cycling on depressive symptoms is similar for men and women in this
sample.

Mediation of weight cycling and depressive symptoms by internalized weight stigma.
Using Hayes [32] PROCESS macro (version: 3.4.1), we examined whether the relationship
between weight cycling and depressive symptoms was mediated by internalized weight stigma.
Gender, age, education, income, and BMI were included as covariates in the analysis. As can
be seen in Fig 1, the direct effect of weight cycling on depressive symptoms was reduced (but
not eliminated) by the inclusion of internalized weight bias in the model. The indirect effect of
weight cycling on depressive symptoms through internalized weight bias was significant (stan-
dardized b = .106; SE = .01; 95% CI [.079, .133]), such that greater number of weight cycles was
related to increased internalized weight stigma, which in turn predicted greater reported
depressive symptoms. The full model accounted for 45% of the variance in depressive
symptoms.

Discussion

Our study examined the relationship between weight cycling over the lifetime and depressive
symptoms and whether internalized weight stigma is a potential pathway linking weight
cycling and adverse mental health. The mediating role of internalized weight stigma in the
relationship between weight cycling and depressive symptoms has been neglected in the litera-
ture to date, despite an emergence of evidence documenting internalized weight stigma and its
negative implications for weight-related health and psychological wellbeing. Our findings
begin to address this research gap, and offer important insights suggesting that frequent weight
cycling may be associated with greater depressive symptoms for American adults, and that
internalized weight stigma is a partial mediator of this relationship.

In line with recent estimates suggesting that dieting is common among adults in the U.S
[20], approximately 75% of the present sample reported that they had intentionally tried to
lose weight at least once in their lifetime, with an average of 7.8 weight cycles of losing and
gaining weight. Weight cycling was associated with greater depressive symptoms, and this rela-
tionship was not negated by the inclusion of current BMI in the analyses. Although more
women than men reported ever intentionally trying to lose weight, amongst those who had
attempted weight loss there were no gender differences in the frequency of weight cycling and
gender did not moderate the relationship between weight cycling and depressive symptoms.

Given the relationship found between weight cycling and depressive symptoms, we
explored internalized weight stigma as a potential mediator of this relationship. Previous work
has found internalized weight stigma to be strongly correlated with depressive symptoms [18,
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19] and that finding was replicated in the current sample. A recent longitudinal study of
weight-loss maintainers [33] found that internalized stigma decreased over time with weight
loss, showing that changes in weight can predict changes in internalized weight stigma. Cur-
rent analyses supported internalized weight stigma as a mediator of the relationship between
weight cycling and depressive symptoms. Thus, one potential explanation for how repeated
weight cycling impacts depression is through its positive relationship with internalized weight
stigma-the more frequently people lose and then regain the weight, the more they internalize
negative beliefs about the self, the more frequent their depressive symptoms. It is important to
note that this relationship is likely part of a larger cycle not captured here: both dieting and
stigma are stressful, theoretically increasing the likelihood of using food to cope, and therefore
impacting weight regain [34]. If captured over time, the relationship between weight cycling
and internalized weight stigma is likely to be bidirectional. Moreover, analyses showed that the
mediation of the weight cycling to depressive symptoms path by internalized weight stigma
was partial, meaning that there are additional variables, not measured here, that also help
account for the relationship.

The current research used a large, diverse sample to inform understanding of the relation-
ship between weight cycling and depressive symptoms in American adults. This sample is
likely more typical of Americans who attempt to lose weight than participants in tightly-con-
trolled clinical trials for weight loss, increasing the generalizability of our findings. In addition,
this study provides novel insights about potential links between weight cycling and internal-
ized weight stigma, a relationship that has received little attention in the literature. Our find-
ings suggest that this relationship warrants additional research to better understand the role of
internalized weight stigma and its relevance to weight cycling.

There are several limitations of this study. First, given the cross-sectional nature of the sur-
vey, directionality and causality between weight cycling and depressive symptoms cannot be
assumed. It is possible that changes in depressive symptoms drive weight cycling. Depression
has been related to both weight gain and weight loss (DSM-V; [35]). However, multi-year
tracking in a weight loss intervention study found that increased depressive symptoms did not
drive weight re-gain [36]. Moreover, the accuracy of mediation effects in cross sectional data
have been questioned [37]. Collecting longitudinal data would be a stronger and more accurate
test of directionality and mediation. Second, the study relies on retrospective reporting of
weight loss cycles. Although this is common in the literature, it is difficult to determine how
accurately people recall each of their weight loss attempts and the amount of weight lost, espe-
cially when considered over the lifetime. Third, although we examined gender as moderator in
our analyses, we do not have the statistical power to examine the intersection of gender and
ethnicity in our results. Given recent evidence of differences in internalized weight stigma
across ethnic and gender identities [22], it will be important to examine the links between
internalization, psychological well-being, and weight cycling in larger samples with more racial
and ethnic diversity. Fourth, the obesity rate in the current sample (25%) was lower than the
national rate (39%) at the time data collection [38]. Thus, it is possible that the amount of
weight cycling reported here is lower than the actual rate, reducing the generalizability of the
study. Whereas our study findings need to be replicated in larger samples of people who have
obesity, our results nevertheless suggest that links between internalized stigma, weight cycling,
and depressive symptoms may be relevant for people across diverse weight categories and per-
sist after controlling for BMI. Finally, this is self-report data with all the caveats therein.

Body weight has been increasing in both children and adults over the last several decades
[1, 12]. Although these societal weight changes have garnered considerable attention to obesity
related health issues, comparatively little attention has been given to the psychological effects
of repeatedly attempting to reduce weight. Whereas a recent review concluded there was no
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evidence that intentional weight cycling was related to early mortality [39], the current find-
ings suggest that frequent weight cycling may be linked to greater depressive symptoms for
American adults. These findings indicate the importance of taking mental health into account
when considering the efficacy of weight loss, and reiterate the need for health care providers
and practitioners to balance the potential physical health benefits of intentional weight loss
with the potential psychological consequences associated with internalized weight stigma and
repeated weight cycling.
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