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Abstract

Introduction—Unintentional weight gain is commonly observed in adult humans, often 

provoking intentional weight loss attempts followed by unintentional weight regain. This episodic 

variation in body weight over a period of time has been referred to as “weight cycling”. Over the 

last two decades, weight cycling has been associated with a number of morbid health conditions 

and increased mortality. This article provides a comprehensive evaluation of recent weight cycling 

evidence, looks to understand design differences between studies and study outcomes, assesses the 

need for further research on particular health outcomes and proposes alternative methodologies 

that will bridge the needs and capabilities of research.

Methods—Searches were conducted per PRISMA guidelines. Articles on weight cycling in the 

literature were initially identified using search strings in PubMed. Eligibility assessment of the 

remaining articles was performed independently by three reviewers to identify publications that 

presented direct evidence.

Results—Twenty human studies (in addition to seven animal studies) were selected and retained; 

12 accounted for the intentionality of weight loss.

Discussion—Although weight regain following successful weight loss remains one of the most 

challenging aspects of body weight regulation, evidence for an adverse effect of weight cycling 

appears sparse, if it exists at all.
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Introduction

Approximately 80% of individuals who intentionally achieve weight loss of ≥10% body 

weight will regain that weight within one year (1). It has been suggested that short periods of 

weight loss followed by weight gain (i.e. weight cycling) adversely affect health outcomes – 

particularly morbidity and mortality in humans. Discussion of the potential dangers of 

weight cycling and its relationship to mortality became prevalent in the scientific literature 

during the 1990s (2). It was proposed, based on initial animal studies (3) and human 

epidemiological reports (4), that weight cycling may be detrimental to health. Since then, a 

pervasive view found in many media outlets encouraged caution when embarking on 

weight-loss regimens, due to the “dangers” of weight cycling (2, 5). The messages are not 

unique to lay media outlets and can be found in various scientific writings. While many 

reports focus on health and disease patterns rather than mortality directly, the topic is of high 

interest and is a concern for those hoping to improve their health through weight reduction. 

Attributed primarily to the lack of clearly defined outcomes and the inability to randomize 

persons to levels of weight variability, recent epidemiological studies have challenged the 

contribution of weight cycling to mortality (6). To date, evidentiary support has precluded 

clarity(7).

Despite the commonly held belief that weight cycling increases morbidity and disease risk, 

evidence from rodent models is inconsistent, and that from humans even less compelling (2, 

6-9). The lack of a standard definition for weight cycling, the complexity of weight cycling 

patterns, and the limitations in the design and methods of analysis of weight cycling studies 

make it difficult to compare risk and benefit across studies (2, 10-12). This has led to 

challenges in drawing definitive conclusions (2, 4, 7, 13).

By exploring evidence published in the past 5 years (the approximate time since the last 

published review on long-term weight loss and mortality (14) and morbidity (15, 16)) and 

discrepancies between findings, this review attempts to draw a consensus on the relationship 

between weight cycling and mortality and morbidity (e.g. dyslipidemia, dysglycemia, 

cancer). The focus of the review is on weight cycling in terms of weight loss followed by 

unintentional weight regain. Limitations and confounds in the design and analyses of recent 

studies and implications for clinical practice are also discussed. Finally, recommendations 

are offered for the design of a definitive study to help resolve the impact of weight cycling 

on morbidity and mortality.

Methods

Literature search

All searches were conducted per PRISMA guidelines. Articles on weight cycling in the 

literature were initially identified using search strings in PubMed. A union of the following 

descriptors was used to create a search string: “short term weight change”, “weight-cycling”, 

“yo-yo dieting”, (“weight patterns” AND cycling), “BMI fluctuation”, (“allostatic load of 

weight” and Tremblay), “weight cyclers”, (willett AND “weight cycling”), ((tremblay AND 

doucet), (“weight loss” AND regain)), (“frequency” and “intentional” or “unintentional” and 

“weight loss” and “risk factor”) and (“patterns of weight loss or regain” and (long-term or 
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longitudinal)). Articles were restricted to a publication date from 2008-09-08 to 2013-09-06 

and to the English language. The initial search string was entered in the PubMed builder on 

6 September 2013 and is presented in the Appendix. Our focus was on the general able-

bodied population and not people with physical disabilities or athletes. Hence, the search 

was narrowed to exclude articles focusing specifically on athletes, pregnant women or 

surgery. Studies from animal models were also included in the review. The narrowed search 

terms were related to (((“weight loss” AND “regain”) OR (“weight cycling”) OR (“yo yo”)) 

AND (diabetes OR cardiovascular OR cancer OR adiposity OR “body composition” OR 

mortality)). The final search string entered into the PubMed builder on 15 October 2013 is 

presented in the Appendix. The primary clinical aim of this review was to assess the level of 

evidence for any association of weight cycling with mortality and morbidity. Articles that 

were clearly unrelated to the clinical question, based on a review of titles and abstracts, were 

not included. Eligibility assessment of the remaining articles was performed independently 

by three reviewers to identify publications that presented direct evidence.

Data abstraction

At least one reviewer evaluated each manuscript independently to tabulate information on 

the: 1) primary outcome of the study; 2) age range of the sample; 3) length of follow-up of 

the study; 4) reference category when comparing the association of weight cycling with an 

outcome; 5) definition of intentional weight loss used and its accounting in the modeling; 6) 

definition of weight cycling definition used; 7) self-reported or measured weight data. A 

clear description in the text of what constituted weight cycling was required for inclusion. 

We considered that intentional weight loss (IWL) had been defined in the study if there was 

any explicit assessment of IWL, or the weight loss was followed as part of an intervention 

(e.g. diet) to reduce weight.

Results

The literature search between the dates 2008-10-17 to 2013-10-15 yielded a total of 79 

articles, of which 12 were excluded to eliminate publications specifically about athletes, 

pregnant women and surgery. Our interest was in reviewing the association or the effect of 

weight cycling on all-cause mortality, cardiometabolic condition or cancer. Of the remaining 

67 articles, one was a duplicate, 17 were not considered relevant to the clinical question and 

were removed, and seven were from animal studies. Of the 42 remaining articles, only 20 

were retained (Figure 1). Reasons for exclusion included (but were not limited to) vague or 

questionable definitions of weight cycle (17-19). For example, Yoo et al. (18) defined 

weight cycling as weight change that exceeded 5% of the initial body weight. Of the 20 

human studies selected and retained (6, 20-38), 12 accounted for the intentionality of weight 

loss in their analyses (6, 20, 22, 28, 30-32, 34-38).

Results from animal studies

Across the seven animal studies (8, 9, 39-43), sample sizes were small, with all studies 

performed in one species or strain (four rodent studies used the C57BL/6J inbred strain of 

mice), in one biological sex, and for a relatively short duration (≤1 year, other than List et al.
(8)) (Table 1). Exploiting the shorter lifespan of many laboratory animal models, to date no 
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studies have reported associations between mortality and intentional weight cycling (8). 

Recent evidence associating weight cycling with risk factors for bone and metabolic 

disorders were identified. In rats, weight cycling was associated with significantly lower 

bone mineral content, compared with non-weight cycling rats (39) albeit in the context of a 

calcium phosphate-deficient diet. Elevated fasting glucose and impaired glucose tolerance, 

along with adipose tissue insulin sensitivity impairment, were present in rodents following 

weight cycling, compared with weight-matched obese rodents that gained weight but did not 

undergo cycling (40, 42). However, these glucose alterations were primarily in the context 

of diet cycling (switching between low-fat and high-fat / high-sugar diets), and weight 

cycling did not consistently impair glucose metabolism to a greater extent than higher body 

weight-matched controls.

Results from human studies

Across the 20 human studies that met the eligibility criteria (Table 2), there was no 

consistent definition used for weight cycling (examples are given in Table 3) (6, 20-38). A 

tabulated summary of the major findings is included in the Appendix.

Mortality—Four publications focused on mortality as an outcome (6, 20, 23, 33). Of these, 

three (6, 23, 33) evaluated mortality in middle-aged to older women, and two (6, 20) 

accounted for the intentionality of weight loss in some manner. In three studies (6, 20, 33), 

no statistically significant association was observed between weight cycling and elevated 

mortality, independent of body mass index (BMI). Only Arnold et al. (23) including older 

adult males and females, reported a positive association between weight cycling and 

mortality after adjusting for race and sex. However, this analysis did not consider the 

intentionality of the weight loss in the modeling. Given the age of the population (>65 years) 

this may represent a substantial area of confounding.

Cardiometabolic risk/biomarkers (cardiovascular disease- and diabetes-
related)—There were 14 publications related to cardiometabolic conditions (21, 22, 24-31, 

34-37), which included diabetes/insulin resistance, dyslipidemia/cardiovascular disease 

(CVD) and body composition (fat and lean mass). Ten articles examined the association of 

weight cycling with outcomes or biomarkers related to diabetes or CVD (21, 22, 24, 25, 27, 

29-31, 34, 36), and four focused on body composition (26, 28, 35, 37). Of those related to 

diabetes or CVD, three examined CVD-related factors specifically (25, 29, 34) and seven 

studied associations related to diabetes (21, 22, 24, 27, 30, 31, 36). Seven publications 

focused on the association of weight cycling to an outcome related to dyslipidemia and CVD 

(21, 22, 25, 29-31, 34), of which three presented evidence indicative of a deleterious 

association between cardiovascular health and weight cycling (21, 25, 30). Lee et al. (25) 

found that the greatest fluctuation in BMI (in adults, interpreted as weight) was associated 

with greater risk of coronary artery calcification, compared with the reference category of 

the quintile of least weight fluctuation. Blüher et al. (30) found that a biomarker profile of 

insulin, triglycerides, leptin, chemerin, monocyte chemoattractant protein 1, and retinol-

binding protein corresponded to changes in body weight; a trend towards decreased levels 

was observed during the first 6 months corresponding with the weight-loss phase (i.e. the 

shift indicating health improvement) and a trend of increasing levels in months 7–24 during 
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the weight maintenance/weight-regain phase (i.e. the shift indicating health decline). Finally, 

Kim et al. (21) reported that frequent weight cycling was associated with shorter telomere 

length, which is a risk factor for several comorbidities including CVD. Two of these studies 

(21, 30) had relatively small sample sizes.

Of the seven studies that examined the association of weight cycling with outcomes related 

to diabetes and/or insulin resistance (21, 22, 24, 27, 30, 31, 36), one demonstrated a 

deleterious association (24), while two demonstrated a statistically significant beneficial 

association (30, 36). Kataja-Tuomola et al. (24) reported that, in Finnish male smokers, a 

group with large weight fluctuations was associated with an increased risk of diabetes 

compared with one showing small weight fluctuations. While this study had a large sample 

size (~21,000), intentionality of weight change was not accounted for. Interestingly, the one 

study that accounted for the intentionality of weight loss showed beneficial associations of 

weight cycling with diabetes-related outcomes (30)., The Blüher et al. (30) weight-loss 

intervention study investigated biomarkers related to cardiometabolic risk, and found two 

differing patterns in relation to weight cycling. The first pattern was characterized by 

biomarker levels of insulin, triglycerides, leptin, chemerin, monocyte chemoattractant 

protein 1, and retinol-binding protein that decreased with weight reduction in the weight-loss 

period, and increased, returning towards baseline levels, during the weight regain/

maintenance phase. However, a contrasting pattern emerged for other biomarkers: high-

density lipoprotein cholesterol (HDL-C), high-sensitivity C-reactive protein (hsCRP), high 

molecular weight (HMW) adiponectin, fetuin-A, progranulin and vaspin levels were 

significantly improved, even after partial weight regain. Although the weight loss in this 

study was intentional, the generalizability of the findings to free-living conditions is limited 

because of the unique workplace intervention setting it used, in which all food dishes were 

coded according to diet type and served daily in the cafeteria over a 2-year span.

Out of the four studies with body composition as the outcome, we found that only two 

studies were associated with an adverse outcome (26, 28). In a cross-sectional study, Cereda 

et al. (28) reported that weight cycling was associated with excess body weight and 

abdominal fat accumulation. Lee et al. (26) found that in older men and women (70–79 

years old) lean mass lost during the weight-loss period was not fully regained during the 

weight-regain period. Also, there was a net gain in fat mass, which was statistically 

significant. In contrast, they also found that among race-matched women, weight-stable 

controls did not report any significant decline in lean mass or fat mass. However, in the 

race-matched weight-stable men, there was a net loss in lean mass and gain in fat mass. 

Bosy-Westphal et al. (35) presented results for overweight and obese adults whose 

measurements were collected at baseline, after weight-loss intervention (of 13 weeks 

approximately) and in a follow-up 6 months after the end of the weight-loss intervention. 

They demonstrated that intentional weight loss followed by regain did not adversely affect 

body fat distribution. However, weight regainers showed a statistically significant decrease 

in resting energy expenditure (REE) with weight loss, possibly indicating a loss of lean mass 

or other physiological adaptations to weight loss that persist even in the follow-up phase 

when weight is regained. However, when comparing the phase-specific changes between 

weight regainers and weight-stable groups, the decline in the REE of weight regainers was 

not significantly different from the decline in the REE of the weight-stable group.
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Cancer risk—In the two publications identified that related to weight cycling and cancer, 

endometrial cancer was specifically referenced (32, 38). Nagle et al. (38) reported a 

significant association between weight cycling and both endometrial as well as non-

endometrial cancer. However, the study by Stevens et al. (32) observed that, compared with 

weight stable individuals and independently of BMI, weight cyclers were not at increased 

risk of endometrial cancer. The study by Stevens et al. had a substantially larger sample size 

(N = ~35,000) than that of Nagle et al. (N < 3000), and was a longitudinal versus a cross-

sectional case–control study.

Discussion

Messaging related to intentional weight loss has often been muddled with the apparent risk 

of weight cycling. Most weight-loss interventions fail when the adherence level drops. In 

this review, we have qualitatively synthesized the associations between health outcomes and 

intentional weight cycling, based on articles published in the last five years.

The animal models used for studying the impact of weight cycling were primarily rodent 

models (8, 9, 39-42). While rodents are a primary pre-clinical research model, extrapolation 

from animal studies to the clinical setting should be undertaken with caution due to 

translational limitations. Nevertheless, animal models continue to provide mechanistic 

insight regarding the impact of dietary manipulations of body weight and body composition 

into metabolic, physiologic and pathologic outcomes. Our review did not find any report of 

elevated mortality risk associated with weight cycling in animals when comparisons were 

made with a stable-weight obese group. In fact, the sole longevity study of weight cycling 

found no significant difference between weight cycling mice and low-fat fed controls; both 

weight cyclers and low-fat fed mice survived longer than high-fat fed animals (8). Thus, 

although the weight cycling mice had a higher average body weight and greater caloric 

intake than their smaller, low-fat fed counterparts, they exhibited no apparent mortality risk 

elevation. Some studies reported deleterious effects of weight cycling, such as risk factors 

for bone and metabolic disorders, compared with weight-matched animals that had never 

weight cycled (9, 39, 40, 42). However, these studies are often confounded by the diet 

regimen provided (changing between diet compositions) in that the outcomes cannot be 

specifically attributable to the weight cycle given the conflated diet cycling. Furthermore, 

the limited study durations (6 months or less), low number of weight cycling events, the 

need for additional control group comparisons (e.g. weight-matched, non-cycling controls), 

low sample sizes utilized and the lack of sex comparisons leave many questions to be 

answered regarding the robustness of current findings (see Table 1).

Human studies were primarily epidemiological studies. The majority assessed participants at 

multiple time points (6, 20, 23-27, 30-37) and a few studies were cross-sectional (21, 22, 28, 

29, 38). Only Arnold et al. (23) reported a deleterious association of weight cycling with 

mortality. The differences between the findings of Arnold et al. (23) and others could be due 

to the population chosen (individuals were older in the Arnold et al. study) as well as the 

analytic choices – such as consideration of the intentionality of weight loss, and adjusting 

for BMI at baseline. For example, sensitivity analyses were conducted that included only 

those participants who self-reported good to excellent health in 1998–1999 in order to 
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reduce the likelihood of recording weight changes due to poor health. In addition, the model 

chosen in Arnold et al. (23) did not adjust for baseline BMI, which could confound the risk 

of weight cycling with mortality. This confounding due to baseline BMI was evident in the 

study by Stevens et al. (6), in which models not adjusted for baseline BMI reported a 

harmful association of weight cycling with mortality. After accounting for BMI, an 

association was no longer apparent. Several studies evaluated the association between 

weight cycling and cardiometabolic markers (21, 22, 24-31, 34-37). Most of these studies 

were relatively small in sample size (N < 1000). In a large study, Kataja-Tuomola et al. (24) 

reported that weight fluctuation did increase the risk of diabetes in Finnish males. However, 

the intentionality of weight loss was not considered and the participants were smokers, who 

have a higher mortality relative to non-smokers with greatest mortality in those with very 

high or very low BMI (44). Evidence for an adverse effect between weight cycling and 

cardiometabolic markers appears sparse, if it exists at all. Evidence for a harmful association 

between weight cycling and body composition was primarily present in two studies (26, 28) 

with strong caveats. While the study by Cereda et al. (28) is a cross-sectional study, the 

study by Lee et al. (26) is based on an older cohort of subjects. In Lee et al. (26), no 

between-group comparisons were made between weight cyclers and the weight stable group, 

limiting our ability to draw any conclusions about an association between weight cycling 

and body composition when compared to the weight stable group. Results from Bosy-

Westphal et al. (35), which compared the phase-specific changes in REE between weight 

regainers and weight-stable subjects suggests that weight cycling was not adversely 

associated with REE when compared to the weight-stable group. The two studies we 

reviewed that had examined the relationship between weight cycling and cancer yielded 

conflicting findings, and clearly additional studies are required before conclusions can be 

made regarding this outcome (32, 38).

Although no study is without its limitations, there are multiple advantages to using 

randomized controlled experiments with animals in weight cycling studies. For instance, 

much is known about the impact of diet composition on body weight gain and fat mass 

accrual across multiple strains of mice and rats. By leveraging this information, a 

randomized study design that includes rodents of both sexes and focuses on weight cycling 

(i.e. weight loss through energy restriction and regain through restraint relief), rather than 

“diet cycling” (high-fat diet to low-fat diet), would improve understanding of the impact on 

morbidity and mortality outcomes. Such a design would require adequate sample sizes (n > 

40 per group), sufficient control groups (with appropriate levels of body weight based on 

feeding the same diet at varying levels for low body weight, together with non-restricted 

obese controls), and longitudinal or multiple measures of primary metabolic outcomes. 

Furthermore, weight cycling studies in humans have largely focused on adult populations, 

whereas many previous animal studies have either utilized young animals that are often very 

lean at study initiation, or have investigated repetitive, short-duration weight cycles across 

the lifespan. By initiating animal studies of weight cycling in an established obese state – 

such as in mature adult models – a clearer understanding of the impact on metabolic and 

physiologic outcomes will be possible.

In animal studies, control over diet provision can have positive and negative effects on study 

design and applicability of results. While such control allows for accurate and reliable 
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assessment of energy balance, providing a fixed macronutrient composition at every feeding 

may not adequately reflect human dietary patterns. Furthermore, studies that vary 

macronutrient compositions to alter body weight and adiposity in the weight-gain and 

weight-loss phases are confounded by contribution of diet quality to health outcomes 

layered onto the weight-cycling phenotype (e.g. high fat diet has greater adverse health 

effects in the diet-induced obesity mouse model) (45). Animal studies designed to 

accommodate even several diet compositions are not generalizable to “uncontrolled” human 

feeding behavior and consequential changes in weight, body composition and disease risk. 

Future studies using animal models should attempt to incorporate a larger sample size and 

multiple/intermediate measures and tests for mediator effects in relation to longevity 

outcomes.

There are several challenges involved in comparing evidence across human weight cycling 

studies and in drawing any conclusions with respect to morbidity and mortality. One 

important challenge was the varied and sometimes questionable definitions used for weight 

cycling (Table 3). Some studies, for example, assumed that participants were weight cyclers 

if they had purposely and repeatedly lost weight (e.g. ≥10 pounds) in the preceding 20 years 

but were nevertheless currently overweight or obese despite this (17, 19). Moreover, several 

studies did not consider intentionality of weight loss while defining weight cycling (23-27, 

29, 33). In this review, we focus on weight cycling in terms of weight loss followed by 

unintentional weight regain. Intentionality is an important factor, as unintentional and/or 

unexplained loss of body weight in human and rodent models is associated with impending 

mortality (46). Even within studies where weight cycling was defined in terms of intentional 

weight loss, all the weight loss was attributed to the intention (or intervention). This may be 

inadequate as previous work has demonstrated that an expression of intent to lose weight 

does not necessarily validate subsequent weight loss (47, 48), such as that resulting from a 

diet or lifestyle change. Analytic approaches often varied between studies, for example in 

the accounting for baseline BMI or other variables that potentially lie in the causal path 

between weight cycling and mortality. It has also been proposed that weight cycling may be 

defined in the context of energy balance (e.g. weight cycling where weight is lost, and some 

of it is regained, versus when weight is lost, regained, and exceeds baseline weight). This 

too, presents some limitations. For example, negative energy balance can only be sustained 

for some finite period, and overall, positive energy balance is present in most organisms 

across the duration of a healthy lifespan, with weight loss (negative energy balance) 

accompanying or preceding morbidity and/or mortality. In this context, the adverse effects 

of greater fluctuations in weight (as in the Lee study (25)) on health outcomes may reside in 

the degree of obesity, and thus an indirect association may have been spurious. Finally, the 

populations under study varied; for example, some studies were limited to older age groups 

or to smokers. More definitive, individual-level meta-analytic studies are required (49), 

especially when assessing the risk of cardiometabolic outcomes in weight cycling. Study 

design and methodological considerations to address in future studies include: 1) statistical 

rigour and confounds, 2) measured versus self-reported variables, 3) limitations of 

epidemiologic studies, 4) short-term (acute) improvement/ biomarker detection versus long-

term benefit to morbidity and mortality 5) patterns of weight loss and regain, including the 

time frame of weight loss and regain (e.g. if weight loss is maintained over a longer period) 
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and 6) intentional versus unintentional weight loss (or no assessment of intention (50-52)) 

versus weight stabilization (2, 20, 53-59).

While we acknowledge that extrapolating results from animal studies to humans is 

somewhat difficult and should be undertaken with caution, the present research paradigm in 

science relies heavily on pre-clinical findings in laboratory models (both cell and animal) to 

inform our understanding of human outcomes. It remains highly unlikely that any long-term 

human study – particularly as it relates to morbidity and mortality outcomes – will ever be 

performed by a randomized control trial of weight cycling. Thus, animal studies can be 

important to: 1) update the scientific community about recent findings; 2) point out the 

progress and remaining limitations in the animal work; 3) suggest approaches for future 

work to move beyond these current barriers in knowledge and 4) reinforce the growing 

consensus from human observational studies that there is no strong justification for concern 

regarding weight cycling on morbidity, and mortality particularly. Several methodological 

opportunities exist for strengthening the evidence related to weight cycling. Coffey and 

colleagues have presented a statistical modelling framework where the intentional weight-

loss effect is treated as a latent variable problem, which relies on the assumption of random 

assignment to a group intending to lose weight and group not intending to lose weight (47, 

48). This assumption is unlikely to be met in most human studies. To address this challenge 

of lack of randomization in human weight cycling studies, non-traditional designs such as 

Mendelian randomization (60) may be worth exploring. In addition, genetic markers may 

explain the propensity for non-adherence to behavioral adaptations following intentional 

weight loss that leads to weight regain. These genetic markers could then be used as 

instruments for randomizing groups of study participants into weight cyclers or non-weight 

cyclers. Furthermore, predictive modelling techniques such as energy balance models that 

predict body composition changes and energy intake based on weight changes and other 

parameters, can be used to identify and define patterns of weight cycling that are clinically 

relevant (61, 62).

In conclusion, there is no evidence that weight cycling is causally associated with early 

mortality compared to remaining overweight or obese. Very few studies report an adverse 

health effect of weight cycling on morbidity. In fact, morbidity may contribute to the 

relationship such that weight cycling in the disease state often differs from that for 

individuals without comorbidities. Because findings are confounded by intentionality of 

weight loss, disease state and methodological limitations – as well as the absence of a 

uniform or standard definition of weight cycling – clinical implications are difficult to 

ascertain. The evidence, at least for all-cause mortality, suggests that weight-loss 

intervention should not be discouraged because of a person's propensity to be a weight 

cycler. However, monitoring cardiometabolic clinical markers regularly when intentional 

weight loss is pursued is advisable especially in light of unintended weight regain leading to 

weight cycling. Most studies attempting to identify an association between weight cycling 

and mortality or morbidity demonstrate no effect at all. Therefore, evidence for an adverse 

effect of weight cycling appears sparse, if it exists at all.
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Figure 1. 
Selection process and final number of human studies included in the analysis
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