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Influence of obesity, physical inactivity, and weight cycling on chronic inflammation
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1. ABSTRACT

Obesity prevalence continues to rise due to
excessive caloric intake and sedentary behavior. Weight
loss can be achieved through diet and/or exercise, but
maintenance of a reduced weight is rare and relapse is
prevalent. Repeated periods of weight loss and regain have
been termed “weight cycling.” It has been speculated that
weight cycling may further increase the elevated disease
risk common with weight gain, obesity, and physical
inactivity. Alterations in adipose tissue with weight cycling
may create a more hypoxic environment; hypoxic adipose
tissue secretes leptin, a stimulus for macrophage activation
and accumulation within adipose tissue. Hypoxic
adipocytes and macrophages release pro-inflammatory
cytokines into circulation. Elevated body weight and
adiposity are linked to cardiovascular disease and type 2
diabetes via an inflammatory mechanism. Thus, it is
reasonable to speculate that weight cycling causes a more
profound change in chronic inflammation than sustained
weight gain. The purpose of this review is to explore
inflammatory consequences associated with weight cycling
as they are related to sustained weight gain, obesity,
physical inactivity as well as relative disease risk.
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2. INTRODUCTION

An elevation of plasma interleukin-6 (IL-6),
Tumor Necrosis Factor —alpha (TNF-a), and C-Reactive
Protein (CRP) have been shown to aid in the progression of
insulin resistance in obese populations and cardiovascular
disease in both healthy and at-risk populations (1-6). While
the exact source of IL-6 is still debated, in obese
individuals, the prime source appears to be adipose tissue
(7) and adipose tissue macrophages (8). IL-6 can stimulate
hepatic release of CRP (5). A period of energy restriction
and/or exercise, which results in a decrease in body fat, is
associated with a decrease in systemic inflammation and a
subsequent reduction in disease risk (9, 10).

Despite the known effectiveness of weight loss as
a countermeasure against inflammation, weight stability
following loss is not common (11, 12), and subsequent
attempts at weight loss followed by regain results in weight
cycling. It has been speculated that weight cycling is an
independent risk factor for cardiovascular disease (13);
however, current research lacks a definitive conclusion
concerning the impact of weight cycling on ones health and
this is possibly due to the variability in experimental
design. Some factors that have varied in experimental
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design include: quantity of weight lost and regained,
duration of weight stability, and number of weight cycles.
One major gap in the scientific literature is that it is not
known how weight cycling impacts obesity and physical
inactivity-associated inflammation.

3. OBESITY AND PHYSICAL INACTIVITY:
CONTRIBUTORS TO CHRONIC INFLAMMATION?

In the U.S., obesity is the most common
nutritional disorder (14). Incidence of overweight (BMI
>25 kg/m?), obesity (BMI > 30) and severe obesity (BMI >
40) has increased in men and women of all ages, races,
smoking status, and economic and educational backgrounds
(15, 16). It has been reported that 25-48% of men and
women participate in no, or an insufficient amount of
physical activity (17). A sedentary existence completes the
common triad associated with Metabolic Syndrome, also
characterized by obesity and excessive calorie consumption
(18). Excess adiposity is strongly linked with a multitude
of chronic diseases. A well documented relationship
between obesity and a multitude of cardiovascular events is
accepted by most of the population; a host of problems
such as coronary disease, stroke, congestive failure are
more prevalent in obese populations and the risk of
coronary or cardiovascular disease death increases (19, 20).
Cardiovascular disease risk factors, such as hypertension,
lipid abnormalities are also exacerbated by obesity (21, 22).
Obese individuals are also more likely to be glucose
intolerant, predicting future development of type II diabetes
(22). In recent years, chronic inflammation has been
examined as the key link between obesity and concurrent
disease. Physical inactivity is a major contributor to
excessive weight gain and is also associated with low-level
inflammation (23-26).

Whole body, sub-clinical inflammation is a
common occurrence with obesity. Cytokines, markers of
inflammation, are protein molecules that mediate cellular
injury (27). IL-6, TNF-a, and CRP are the most commonly
measured biomarkers of inflammation. Plasma IL-6
concentration is increased in obese individuals compared to
lean controls (3, 7, 27). Obesity, particularly in the
abdominal region is correlated to elevated CRP levels in
asymptomatic and at risk men (4, 28). Age, gender,
smoking history, and physical inactivity are all related to
CRP and IL-6, independent of obesity status (29). Thus, it
can be surmised that sedentary obese populations are at the
highest risk for developing chronic inflammation and
subsequent cardiovascular disease or type II diabetes in the
future. Understanding the origins, actions and contribution
to disease of these cytokines furthers understanding of the
inflamed state in obesity.

4. CHRONIC INFLAMMATION

4.1. IL-6 and CRP: role in chronic disease

In obese individuals, IL-6 is secreted by
adipocytes (2, 7, 30, 31) as well as by resident adipose
tissue macrophages (8, 32). One of the main actions of IL-
6 is to promote the release of other acute-phase proteins
(33), thereby further increasing inflammatory status. Also,
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IL-6 may act as an adipostat, acting on other tissues to help
mediate fat accumulation (7). Plasma IL-6 can have
negative effects, possibly increasing the risk for myocardial
infarction by targeting and damaging the endothelial lining
and smooth muscle in the blood vessel walls (5). In the
case of developing type II diabetes, IL-6 can act on skeletal
muscle to impair insulin action (1) as well as increasing
free fatty acids, promoting fat oxidation and inhibiting
lipoprotein lipase; all of these actions act in direct
opposition to the physiological actions of insulin (3).

CRP originates from the liver, its release
stimulated by an increase in plasma IL-6 concentration (1).
CRP is one of the most widely measured acute-phase
proteins when assessing and predicting cardiovascular
events (33). CRP-mediated complement plays a role in the
development of atherosclerotic lesions (5) and is generally
present in arterial plaques (34). Also, CRP is positively
correlated with components of Insulin Resistance
Syndrome (35).

4.2. Macrophage accumulation in adipose tissue
Macrophages are present in all tissues where they
help maintain homeostasis and participate in tissue
remodeling. Accumulation of adiposity may signal resident
macrophages to act in their immune capacity, resulting in
IL-6 and TNF-a (8). Adipose tissue macrophage
accumulation is positively correlated to adipocyte size and
BMI (36). Circulating blood monocytes are capable of
migrating into adipose tissue where they mature into
macrophages (37). Considering approximately 90% of
macrophages crown around dead or dying adipocytes, it is
possible that signals from adipocyte necrosis have potent
chemoattractant effects on macrophages (38). It has been
speculated that when in direct contact with macrophages,
preadipocytes (adipocyte stem cell) can be rapidly
converted into functioning macrophages (39). Coenen et
al. reported that macrophage accumulation during the
progression to moderate obesity is mainly driven by
adipose tissue, whereas further progression to severe
obesity is driven by macrophages present in the tissue (40).

The physiologic events surrounding the influx
and subsequent activation of macrophages are as follows:
survival of adipocytes is dependent on tissue
vascularization (41); adipocyte hypertrophy preceding
angiogenesis results in hypoxia (28) which may cause
macrophage chemoattraction and retention (42). Along
with other hypertrophy-induced stressors, such as reactive
oxygen species and free fatty acids, hypoxia signals
inflammatory signaling cascades that regulate necrosis
(38). Unlike apoptosis, which is not inflammatory, the
features of dead adipocytes suggest that obesity-associated
cell death is due to necrosis (38). In addition to necrosis,
hypertrophied adipose tissue releases large quantities of
leptin and exhibited a suppression of adiponectin release
(43). Leptin is a known chemoattractant signal for blood
monocytes recruitment to adipose tissue (37).

4.3. Countermeasures to decrease inflammation
Weight loss reduces the macrophages
concentration in adipose tissue, which may partially explain
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Figure 1. Demonstrates the typical change in body weight
of wild type mice undergoing a period of sustained weight
gain (leading to obesity) or weight cycling. It is important
to note that over a similar period of time, weight cycling
will result in a higher final body weight than sustained
weight gain due to difference in adipose hypertrophy and
hyperplasia.

the reduction in inflammatory status following a period of
weight loss (42). This is supported by findings indicating
that weight loss is associated with a decrease in plasma IL-
6 concentration and an improvement in insulin sensitivity
(9). Holdstock et al. reported that CRP concentration was
decreased following a 12 month period of weight loss in
subjects who were insulin sensitive and obese at baseline
(33). Kopp et al. reported that CRP and IL-6 were
significantly decreased in obese patients and this was
associated with the improvement in their manifestations of
Insulin Resistance Syndrome (10). A decrease in plasma
cytokine concentration is consistent with an anti-
inflammatory effect, which may reduce cardiovascular
disease risk (10).

Similar to weight loss, long-term exercise
training has also been demonstrated to have anti-
inflammatory properties (23-26, 44). Physical activity
status is negatively associated with plasma CRP (44).
Interestingly, IL-6 is found in greater concentrations after
exercise; however, it has been previously mentioned that
IL-6 is unique is its capacity to act as both pro-and anti-
inflammatory (45). Unlike in obesity, the increased level
of IL-6 during exercise is not originating from monocytes
(46) but from contracting skeletal muscle. Muscle-derived
IL-6 promotes the release of IL-1ra and IL-10, which
inhibits pro-inflammatory cytokine release (47).

5. WEIGHT CYCLING

5.1. Characteristics

While many people successfully lose weight,
long-term maintenance is rare and relapse to pre-
intervention body weight is common (11, 48). One
underlying factor is an “energy gap” created by caloric
restriction, characterized by an increased drive to eat paired
with a decrease in energy expenditure (49). Long term
maintenance of a reduced weight does not resolve the
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energy gap; with increasing time, it has been found that the
difference between an increased hunger drive and
decreased energy expenditure becomes larger and more
profound, making the individual more likely to relapse
(49). The relapse period is accompanied by a rapid,
efficient regain of lost weight, possibly due to the energy
gap, suppressed fat utilization, and/or adipocyte hyperplasia
(50, 51). Using rats, Maclean et al. and Harris et al. found
that within the first week of relapse, rats regained 40% and
86% of the previously lost weight (50, 51). Subsequent
bouts of weight loss and regain begin the pattern known as
weight cycling, or “yo-yo dieting” (Figure 1).

5.2. Prevalence

Lahti-Koski et al reported that 18% of men and
29% of women were defined as “weight cyclers” (52).
This study was cited as one of the first to describe weight
cycling prevalence in a general population and few
investigations have taken place looking at correlates for
long term weight loss and maintenance (11). It is estimated
that 25% to 40% of American men and women are trying to
lose weight (53). The NIH task force found that of
successful US dieters, less than 5% sustained their weight
loss after one year (54). Using these findings, if 95% of
American dieters relapse, it can be concluded that
approximately 23% of men and 38% of women complete at
least one weight cycle in their lifetime. Obesity is a
documented risk factor for development of chronic disease;
however, it is not clear if weight cycling is more
deleterious than sustained weight gain.

5.3. Inconclusive research concerning risk

Current research is split concerning the risk of
weight cycling over a lifetime. Investigators using rat
models promote weight cycling as a risk factor for disease
based on the fluctuation and overshoot of lipogenic enzyme
activity and lipid profiles (55, 56). Increased risk of
myocardial infarction and stroke has been found in some
studies using humans (57, 58). Lahti-Koski ef al. found
that women who weight cycle visit the doctor more
frequently and report poor self-perceived health (52). In
contrast, much research has been done to show that weight
cycling is not associated with adverse changes in body
composition or cardiovascular risk factors, such as
hypertension and lipid profile (12, 59-63). Weight
variability has not been shown to be independently
predictive of type II diabetes (64). It has also been reported
that weight cycled women had a decrease in HDL, but this
did not translate to increased prevalence of coronary artery
disease (54).

Because most obese dieters will face relapse,
determining the health consequences of weight cycling is
imperative. Although there is nearly universal agreement
that never becoming obese is the healthiest, the reality is
that with the rise in the obesity epidemic, most people will
have to lose weight at some point in their adult lives. With
weight loss comes the risk of relapse associated with
weight regain. The physiological changes associated with
weight cycling are not well understood and it is not known
if this process increases disease risk. Given the role of
inflammation in the pathophysiology of various disease
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Figure 2. Demonstrates the speculated change in systemic,
low-grade inflammation following a period of sustained
weight gain or three weight cycles over the same amount of
time. At the conclusion of this period, weight cycled mice
would weigh significantly more than mice in the sustained
weight group. Under the scenario shown in this figure, one
would expect the weight-cycled mice to have a greater
disease prevalence than the sustained weight gain mice.
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Figure 3. Demonstrates the pathways associated with
further increases in systemic inflammation due to weight
cycling in comparison to sustained obesity. The energy gap
created with caloric restriction leads to rapid hypertrophy
and hyperplasia in the adipose tissue during weight cycling
which leads to increased macrophage infiltration and
cytokine production.

states, it seems reasonable to examine weight cycling in the
context of chronic inflammation.

5.4. Weight cycling and inflammation

Considering that whole body inflammation can
be dictated by body fat mass, it is reasonable to speculate
that a period of weight cycling may have profound
inflammatory consequences on the body (Figure 2).
During the progression to obesity, adipose tissue
hypertrophy leads to hypoxia, macrophage accumulation
and pro-inflammatory cytokine production. Weight regain
during relapse seems to be unique in that the gain is very
rapid and adipocyte hyperplasia is evident. We have
therefore hypothesized that a period of weight cycling will
result in greater levels of inflammation compared to a
similar period of sustained weight gain in mice. Our
hypothesis is based upon the following three reasons: 1)
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The increased rate of weight gain will cause a greater amount
of cell stress due to hypertrophy leading to excessive cytokine
release (65); 2) Neels et al. found that functional vasculature is
present 5 days after cell implantation that was morphologically
and synthetically similar to control adipose tissue vasculature
by day 21 (66). However, during relapse, a large amount is
regained within one week and this may lead to the conclusion
that during relapse, angiogenesis may not be able to keep up
with the rapidly expanding fat mass, leading to hypoxia and
necrosis, which has been shown to be pro-inflammatory while
signaling macrophage accumulation, in a more pronounced
fashion; and 3) While regain is characterized by hyperplasia,
weight loss only reduces cell size (67). Thus, the hyperplasia
associated with weight cycling may increase the
propensity for weight regain as well as enhance the
inflammatory capacity of the adipose tissue mass.

6. SUMMARY

Obesity and physical inactivity contribute to the
accumulation of systemic, low-grade inflammation, which
is involved in the pathophysiology of cardiovascular
disease and type II diabetes (6, 8, 9, 24, 57). Weight loss
achieved via an energy-restricted diet and/or exercise
attenuates inflammation, reducing the risk of developing
the aforementioned diseases (23-26, 68). While weight loss
is an effective countermeasure against systemic
inflammation, maintenance of reduced body weight is
difficult especially in adults where relapse occurs in 95% of
those that lose weight (54). Inability to maintain body
weight following weight loss is associated with pattern of
weight cycling, which may increase disease risk compared
to sustained weight gain (52, 54-56). These diseases have a
known inflammatory origin, and thus it is likely that weight
cycling influences one’s level of systemic, low-grade
inflammation. Research currently being completed in our
laboratory will examine the relationship between weight
cycling and systemic, low-grade inflammation.
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