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Effect of diet on adiponectin levels in blood

Flavia M Silva, Jussara C de Almeida, and Ana M Feoli

Dietary management has been considered an alternative means of modulating
adiponectin levels. The purpose of this review is to examine the scientific evidence
regarding the effect of diet on adiponectin levels in blood. Clinical trials were selected
from Medline until April 2010 using the following MeSH terms: adipokines OR
adiponectin AND diet OR lifestyle. A total of 220 articles were identified in the initial
search, and 52 studlies utilizing three different methods of dietary management were
included in the present review: low-calorie diets (n = 9 studies), modification of diet
composition (n = 33), and diet plus exercise (n = 10). Daily intake of fish or omega-3
supplementation increased adiponectin levels by 14—-60%. Weight loss achieved
with a low-calorie diet plus exercise increased adiponectin levels in the range of
18-48%. A 60-115% increase in adiponectin levels was obtained with fiber
supplementation. In conclusion, dietary management can be an effective
therapeutic means of increasing adiponectin levels. Studies investigating different
forms of adiponectin and changes in the types of adipose tissue are necessary in
order to elucidate the mechanisms involved in the modulation of adiponectin levels.

© 2011 International Life Sciences Institute

INTRODUCTION

In recent years, understanding of the role played by
adipose tissue has expanded. Currently, adipose tissue is
considered an endocrine organ and not strictly a
compartment for fat storage, because many hormones
and proteins are produced by adipocytes. Adipokines,
which are proteins secreted by adipose tissue, influence
a variety of physiological processes, such as food
intake control, energy homeostasis, insulin sensitivity,
angiogenesis, blood pressure regulation, and blood
coagulation.'

The expression of most adipokines increases with
adipose tissue accumulation, and this increased expres-
sion is implicated in insulin resistance and atherosclero-
sis.” Visceral adipose tissue secretes the largest amounts of
adipokines linked to inflammation, followed by subcuta-

neous fat tissue.” The type of adipose tissue seems to be
more important than the quantity of adipose tissue, and
visceral adiposity, rather than total adiposity, is more
closely associated with comorbid conditions linked to
overweight.* However, unlike the majority of proteins
secreted by adipocytes, adiponectin is inversely correlated
with excess body weight."”

Adiponectin is a 30-kDa protein produced exclu-
sively by adipocytes of white adipose tissue and encoded
by a gene located on chromosome 3q27. Circulating adi-
ponectin is found in different isoforms, including those of
low, medium, and high molecular weight. It has been
suggested that high-molecular-weight adiponectin is the
active biological form of the protein.’ It is also suggested
that the low-/high-molecular-weight adiponectin ratio is
an important determinant of the physiological activity of
adiponectin.’®
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Adiponectin plays a significant role in the regulation
of insulin sensitivity; in addition, it has anti-
atherosclerotic and anti-inflammatory properties.”® Low
adiponectin levels have been associated with type 2 dia-
betes,>® metabolic syndrome,*'’ and cardiovascular dis-
ease."" The strong relationship between low adiponectin
levels and diseases associated with obesity has prompted
several studies on the potential of different therapeutic
strategies to modulate blood levels of adiponectin,'? with
the aim of developing therapeutic approaches to mini-
mize the presence and/or severity of these conditions.

Treatment with thiazolidinediones to improve
insulin sensitivity appears to influence both the genetic
expression and the blood levels of adiponectin, although
the mechanism through which these effects occur has not
yet been elucidated.”” Weight loss induced by bariatric
surgery also appears to increase adiponectin blood lev-
els."*'> Moderate- to high-intensity exercise modifies
blood levels of adiponectin, although it is not known
whether the type of exercise influences these changes."®

Associations between certain dietary components or
specific dietary patterns and adiponectin blood levels have
been demonstrated in longitudinal studies.””"* The intake
of fiber, whole grains, and foods with a low glycemic index
was positively associated with adiponectin levels in a study
conducted in men with type 2 diabetes."” Differences in the
consumption of animal protein, omega-3 fatty acids,
arachidonic acid,and cholesterol were also associated with
adiponectin levels in a Japanese population.'® Further-
more, a positive association between higher scores of
Mediterranean diet adherence and higher adiponectin
levels was observed in a study involving diabetic women."

Thus, the aim of this study was to review the scien-
tific evidence from clinical trials on diet (type of diet,
food, or specific nutrient) alone or diet combined with
exercise in the modulation of adiponectin blood levels.

LITERATURE SEARCH AND QUALITY OF STUDIES

Clinical trials were selected by a search of the Medline
database (publications in English, Portuguese, and
Spanish) using the Clinical Queries search engine; in
addition, specific publications in the medical and nutri-
tion fields were searched. Articles published until April
2010 were searched. The MeSH terms used were as
follows: adipokines OR adiponectin AND diet OR life-
style. The search was limited to studies conducted in
humans. No limitations were set regarding follow-up or
design of clinical trials. Studies on the effects of bariatric
surgery, medications, or exercise only were excluded as
well as studies conducted in children and adolescents.

A total of 220 potentially relevant articles were iden-
tified in the initial search. Following the evaluation of title
and abstracts, 59 articles were selected for full-text
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reading. Seven articles were excluded on the basis of the
exclusion criteria. In total, 52 studies®”" were eligible for
inclusion in this review (Figure 1).

In 27 (51.9%) studies, evaluation of the inter-
vention effect on adiponectin blood levels was
the primary outcome, while in others, deter-
mination of adiponectin levels was a secondary
0utcome'21—23,26—29,31,36,38—40,43,46,47,53—55,60,62,65,68,69,7l MOSt Studles
(90.4%) analyzed only the total adiponectin form, while
the measurement of at least one of the adiponectin mul-
timeric forms was performed in five studies.******”' More
than half the studies (67.3%) described the method used
for assessing compliance with the dietary intervention:
records, recalls, and food diaries were the main strategies
used.

Thirty-nine of the identified studies were random-
ized controlled trials,?>?7-23133-4042-6163-63686571 wwhile the
others were single-arm intervention studies. Five (9.6%)
studies described the method of randomization,***>36>¢
and just three studies reported the allocation conceal-
ment of participants.***®* Two studies did not report the
inclusion criteria for participants.?*%

The number of participants ranged from 10°' to
219.°  Fifteen (28.8%) studies included only
females’20,23,24,26,29,3l,32,45,49,51,55,63,65,66,70 and seven (13'5%)
included only males.?>?%*%4033348 Tywo studies did not
report the gender of participants,*” and other studies
(n=28) included both female and male participants.
Most studies (76.9%) included only overweight
participantS.ZO—24,26—38,43,45—48,50—52,55—59,62—71

Duration of follow-up ranged from 3 days® to 3
years.”” Only seven (13.5%) studies had a follow-up
period equal to or greater than 1 year?>?>3335636869
Dropouts were encountered in 21  (40.4%)
Studies)25,32,33,35—37,44,45,49,51,53,56—58,60,62,63,65,68,69,71 and in nine Of
these,?3332373657626871 the dropout rate exceeded 20%.
Intention-to-treat analysis was performed in one study,”
and five studies were unclear about whether there were
losses to follow-up 24648

The different dietary interventions among the
studies included in this review were grouped into three
categories: 1) Diets with caloric restriction (n = 9 studies,
Table 1°°%%); 2) Modification of diet composition (n = 33,
Table 2%"); and 3) Diet combined with exercise (n = 10,
Table 3**7"). The influence of each type of dietary inter-
vention on adiponectin levels is presented and discussed
below.

EFFECT OF LOW-CALORIE DIETS ON
ADIPONECTIN LEVELS

Nine (17.3%) studies analyzed the effect of calorie-

restricted diets on adiponectin blood levels.* The
details of these clinical trials are summarized in Table 1 in
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Potentially relevant articles from Medline database (n = 220)

Title excluded because it did not fulfill the

inclusion criteria (n = 138)

Articles retrieved for abstract analyses (n = 87)

Abstract excluded because it did not fulfill

the inclusion criteria (n = 28)

Articles retrieved for more detailed evaluation (n = 59)

Full text articles excluded because it did

not fulfill the inclusion criteria (n = 7)

Studies that met inclusion criteria (n = 52)

9 studies about the role of low calorie diets |

33 studies about the role of dietary composition |

| | ]

10 studies about the role of lifestyle modifications |

Figure 1 Flow-chart of study selection.

chronological order of publication. There was little con-
sistency among the total numbers of calories of the diets
included in the intervention arms of these studies (range
550-1,550 kcal/day).

Five studies® > did not report changes in adi-
ponectin blood levels with low-calorie diets, and in four
of these,””*>** the weight loss was less than 7%. Two tri-
als®®*® demonstrated significant increases in adiponectin
values with a low-calorie diet (20% and 37%, respec-
tively). A 17% increase in adiponectin was also reported
in another study that adopted this intervention,” but this
increase was without statistical significance. On the other
hand, a reduction in adiponectin blood levels was

Nutrition Reviews® Vol. 69(10):599-612

observed in a short-term clinical trial that employed a
calorie-restricted diet in normal-weight subjects.?

Among clinical trials that reported increases in adi-
ponectin blood levels with a low-calorie diet, weight loss
was equal to or greater than 7.4%, and the duration of
follow-up ranged from 12 weeks to 12 months. %%
These data suggest that a low-calorie diet can increase
adiponectin blood levels, especially when the intervention
is administered over a longer period and a significant
weight loss is induced.

A negative correlation between adiponectin levels
and visceral adipose tissue storage and a positive correla-
tion of this adipokine with subcutaneous adipose tissue
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storage are described in the literature. In this sense, it is
possible that visceral fat loss can increase adiponectin
levels in overweight subjects, while subcutaneous fat loss
can result in a reduction in adiponectin levels in normal-
weight subjects.”

It is also remarkable that 44.4% of nine manu-
scripts®®?»**** did not state whether compliance with the
intervention (hypocaloric diet) was evaluated, which
could be an important determinant of the outcome, since
it is directly associated with the weight loss induced by a
hypocaloric diet.

EFFECT OF DIET COMPOSITION ON
ADIPONECTIN LEVELS

Thirty-three (63.5%) studies analyzed the role of diet
composition in the modulation of adiponectin levels.”*'
The details of these clinical trials are summarized in
Table 2, grouped according to the type of dietary
intervention.

The dietary interventions that induced a significant
increase in adiponectin blood levels are described as
follows. 1) Low-fat diets: Diets providing 15%* and 24%"
of energy from fat. 2) Carbohydrate restriction: Diet pro-
viding 20-25% of energy from carbohydrate.”” 3) Fish
intake: Consumption of fish (300 g/week) plus vegetable
oil (20 mL/day)*' or fish oil supplementation (4 g/day) in
combination with plant sterols (2 g/day).*® 4) Dietary
fiber supplementation: Intake of two 1 g tablets of FBCx®
(a soluble dietary fiber derived from corn) per fat-
containing meal (at least 20 g of fat)* or supplementation
with modified cellulose (1,200 mg/day) in combination
with a weight-loss program.” 5) Supplementation with
extract of Ipomoea batatas (Caiapo): 4 g/day of white-
skinned sweet potato Ipomoea batatas (Caiapo) extract.”’
6) L-arginine supplementation: L-arginine (8.3 g/day)
included in a hypocaloric regimen and exercise training
program.” 7) Increased consumption of dairy products:
Increased intake of dairy products (3-5 portions/day).”
8) Alcohol consumption: Intake of four glasses of
whisky™ or three cans of beer™ daily (40 g ethanol).

The mechanism through which these dietary inter-
ventions result in increased adiponectin levels is unclear.
Of the dietary fatty acids, omega-3 polyunsaturated fatty
acids (eicosapentaenoic and docosahexaenoic acid) have
received a great deal of attention as prophylactic agents
against cardiovascular disease and insulin resistance.
Improvement in insulin sensitivity resulting from
omega-3 intake is strongly related to the increase in adi-
ponectin levels and is observed later than that resulting
from Caiapo intake, dietary fiber supplementation, and
moderate alcohol consumption. The increase in adi-
ponectin levels promoted by these interventions appears
to mediate the improvement in insulin sensitivity.>>***%*

Nutrition Reviews® Vol. 69(10):599-612

In nine studies,”* the intervention consisted of
diets with different proportions of macronutrients, but in
most of these studies (70%), this approach did not result
in a change in adiponectin levels. These findings suggest
that the proportion of dietary macronutrients does not
influence the secretion of adiponectin by adipocytes. Fur-
thermore, the content of saturated and monounsaturated
fatty acids likewise failed to influence adiponectin
levels,”* as opposed to omega-3 supplementation, which
was effective in increasing adiponectin levels in most of
the studies reviewed.* 4643

Dietary components with antioxidant potential did
not increase adiponectin levels in two randomized
clinical trials that determined the effects of hydrogen-
enriched water® and grape seed extract supplementa-
tion.*” A moderately increased intake of dairy products
beneficially affected adiponectin in a short-term study,*
although this benefit was not previously observed in a
study with a 6-month follow-up period.”®

EFFECT OF DIET PLUS EXERCISE ON
ADIPONECTIN LEVELS

In 10 (19.2%) studies, the aim was to evaluate the role
of diet combined with exercise in adiponectin
modulation.®””" The details of these clinical trials are
summarized in Table3 in chronological order of
publication.

Low-calorie diets (diets with 1,100-1,300 kcal/day or
diets with a restriction of 500-1,000 kcal/day) were part
of the intervention in seven studies.®>***-¢77%"! In one of
these studies, the Mediterranean diet was used,” while in
another, a carbohydrate-restricted diet that was high in
monounsaturated fatty acids was prescribed,® and in yet
another, a diet with prudent macronutrient distribution
(55% of calories from carbohydrates, 15% from proteins,
and 30% from lipids) was adopted.”" The composition of
the low-calorie diet was not described in four stud-
ies.02%77% Three randomized clinical trials included a
diet without caloric restriction as part of the interven-
tion.®**% Fish consumption as well as the intake of foods
rich in fiber was investigated in two studies.*** Con-
sumption of foods with a low glycemic index* and a
lower intake of saturated fatty acids and cholesterol®
also examined.

In all 10 studies that investigated the effect of diet
plus exercise on adiponectin levels, the lifestyle modifi-
cation program focused on regular practice of aerobic
exercise, with variations in duration (120-240 min/
week) and intensity of exercise (moderate to severe).
One study report did not describe the physical activity
program prescribed.®® In four studies, exercise was
supervised.*>65707!

was
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Four studies demonstrated a significant increase
in adiponectin levels when diet was combined with
exercise.””**”" A Mediterranean diet with caloric restric-
tion combined with personalized counseling for aerobic
exercise promoted a 15% weight loss and increased adi-
ponectin values by 48%.% These data support the hypoth-
esis that greater weight loss (at least 7%) is needed to
increase adiponectin levels with hypocaloric diets.

Current evidence indicates a possible synergistic
effect of physical activity and a calorie-restricted diet on
adiponectin modulation.®**”" This could be due to the
positive effect of both interventions on insulin sensitivity.
However, weight loss is crucial, because exercise without
significant weight loss does not appear to improve adi-
ponectin levels.'*®

CONCLUSION

The present review compiles scientific evidence regarding
the effect of dietary management on adiponectin levels.
Daily intake of fish or omega-3 supplements was effective
in increasing adiponectin levels by about 14-60%, with
consistent results among the studies. Another successful
way to increase adiponectin levels was weight loss
achieved with a low-calorie diet plus exercise: the increase
in adiponectin levels with this type of intervention ranged
from 18% to 48%. Other therapeutic possibilities still in the
early stages of investigation (only two studies) include
dietary fiber supplementation (resulting in a 60-115%
increase in adiponectin levels). It is unclear in the literature
if the magnitude of effect of these dietary interventions has
clinical relevance. Although low adiponectin levels are
associated with several cardiovascular risk factors, such as
diabetes, overweight, and metabolic syndrome,®'*'* the
amount of adiponectin increase required to protect
against these disorders has not been established.

Significant weight loss (greater than 7%) has been
repeatedly shown to increase adiponectin levels.”” Weight
changes of this magnitude can be obtained with a hypoca-
loric diet alone or combined with exercise, and the
increase in adiponectin appears to be related more to the
amount of weight lost than to the method used. Small
changes in body weight may not accurately represent
body fat reduction, especially the visceral fat mass and
the size of adipocytes, which are probably the most
important determinants of the synthesis and secretion of
adiponectin.”

Multiple studies have shown a correlation between
adiponectin levels and insulin sensitivity, which remains
even after adjustment for adiposity.”>”* In this context, it
is possible that the increase in adiponectin levels achieved
with dietary interventions could be greater in subjects
with higher insulin resistance.
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The lack of consistent evidence indicating that adi-
ponectin levels are regulated by specific dietary interven-
tions could be explained by the evaluation of only total
adiponectin in the majority of studies. The high-
molecular-weight form of adiponectin and the low-/high-
molecular weight adiponectin ratio could be a better
determinant of adiponectin physiological activity than the
plasma concentrations of each isolated form or total
adiponectin.®

In view of the strong relationship between low adi-
ponectin levels and overweight, diabetes, dyslipidemia,
metabolic syndrome, and cardiovascular disease, the iden-
tification of strategies to modulate adiponectin levels may
help decrease the presence or severity of these disorders.
Further studies, which include an evaluation of changes in
body composition (type of adipose tissue) and an investi-
gation of the effects of dietary intervention on all forms of
adiponectin, especially the high-molecular-weight form,
may help elucidate the mechanisms involved in the modu-
lation of this adipokine.
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