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ABSTRACT

Background: Current results from clinical trials about vitamin E effects 
on adiponectin are ambiguous. Therefore, we conducted a meta-analysis 
of available RCTs to resolve this inconsistency. 
Methods: The systematic search was performed in several databases 
including SCOPUS, PubMed-Medline, and Google Scholar until October 
1st, 2017. We used fixed-effects model in combination with mean difference 
(MD) and 95% confidence intervals (CI) for the analysis of data. 
Results: Meta-analysis of 6 RCTs (9 treatment arms) showed a significant 
increase in circulating adiponectin levels (MD: 0.36 μg/mL, 95% CI: 0.16 
to 0.56; p<0.001), following vitamin E supplementation. In sub-group 
analysis, a significant increasing effect was observed only in trials with 
≥400 mg/day dosage (MD: 0.78 μg/mL, 95% CI: 0.31, 1.24, p=0.001) 
and those trials lasting ≥6 months (MD: 0.58 μg/mL, 95% CI: 0.29, 0.86, 
p<0.001). In meta-regression, there was association between changes in 
adiponectin concentrations and duration of supplementation. 
Conclusion: Our findings showed the significant increase effect of 
vitamin E supplementation on circulating adiponectin levels; however, a 
significant increasing effect was observed at doses above 400 mg/day and 
when supplementation lasting over 6 months.
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Introduction
The adipose tissue produces several cytokines 
and  hormone-like proteins termed adipokines 
including adiponectin which has garnered more 
attention in obesity and metabolic disorder research 

(1). Changes in plasma levels of adiponectin and 
hypoadiponectinemia, result in metabolic disorder 
such as atherosclerosis, dyslipidemia and insulin 
resistance (2).  Adiponectin can serve as an important 
insulin-sensitizing molecule (3), and exerts several 
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other actions mostly by reducing glucose production 
form liver, enhancing fatty acid oxidation and 
improving endothelial dysfunction (4). 

In parallel, adiponectin has emerged as an 
anti-inflammatory cytokine and cardio-protective 
molecule, with pleiotropic effects on the cardiovascular 
system as it is negatively related to cardiovascular 
risk (5, 6), and other risk factor  such as obesity, 
metabolic syndrome, hypertension and diabetes (3). 
This anti-atherosclerotic molecule, reduces foam 
cell formation and adhesion molecule expression 
(7) and also stimulate of nitric oxide formation in 
endothelium and reduce inflammatory markers (3). 
Vitamin E supplementation might have positive effects 
on adipokine metabolism through up-regulation of  
adipokines expression in visceral fat  (8).

However, the evidence in humans is particularly 
limited and inconclusive. Several clinical trials 
evaluated vitamin E supplementation in different 
populations on circulating adipokines level. Finding 
published clinical studies are inconsistent. Some 
trials (9, 10), showed positive effects of vitamin 
E, whereas no changes or reduction of adiponetin 
levels after the administration of vitamin E were 
observed in others (11). Thus, the data regarding the 
effects of vitamin E on adiponectin are controversial. 
Since the exact effects of vitamin E supplementation 
on plasma adiponectin concentrations is still 
inconclusive, a systematic review and meta-analysis 
of available controlled trials seems appropriate to 
summarize the current data to assess the overall 
effect of vitamin E supplementation on plasma 
adiponectin concentrations. Therefore, we conducted 
a meta-analysis of available RCTs to resolve this 
inconsistency. 

Materials and Methods
Our meta-analysis was designed on the guidelines 
of the PRISMA statement (12). PubMed, Medline 
via Ovid, EMBASE, and ISI Web of Sciences 
databases were searched using the following search 
terms in titles and abstracts and also in combination 
with MESH terms: (vitamin E OR alpha tocopherol 
OR tocopherols OR tocotrienols) AND (adipokines 
OR adipocytokines OR adiponectin). The literature 
was searched up to 1st October 2017 and the search 
was confined to studies published in English. 
Two reviewers separately evaluated each article. 
Discrepancies were resolved by discussion with 
each other.

Original studies were selected to be included 
in this meta-analysis according to the following 
inclusion criteria: (i) being a RCTs with either 
parallel or cross-over design in adults (age≥18 
years old), (ii) having an intervention duration at 

least 4 weeks; (iii) having an appropriate controlled 
design, and (iv) presenting sufficient information 
on adiponectin concentrations. The following data 
were abstracted using a standardized electronic 
form: first author’s name, publication year, study 
location, study design, duration of the intervention, 
number of participants in the vitamin E and control 
group, form and administered dose of vitamin E, 
content of placebo, age, gender and body mass index 
(BMI) of the study participants. 

We also extracted the mean concentration, and 
SDs of circulating adiponectin at study baseline, 
post-intervention, and/or change between baseline 
and post-intervention. We converted adiponectin 
into the same unit (μg/mL) for all studies. If 
concentrations of adiponectin were reported at the 
different intervals, only the final values were included 
in the meta-analysis. If studies used several doses of 
vitamin E, each dose was separately included in the 
analysis. The quality of eligible studies was using the 
Jadad scale (13), which assigned 0 or 1 point for each 
of the following 5 criteria: (i) report randomization, 
(ii) describe suitable method of randomization, (iii) 
report double-blinding, (iv) describe suitable method 
of double-blinding, and (v) report explanation and 
reason of withdrawals and dropouts. The scores with 
≥3 and ≤2 were considered as high and low quality 
respectively (14).

The primary outcome measures were changes in 
adiponectin levels. Intervention effects were defined 
as mean differences (MD) and 95% CIs calculated 
for net changes in adiponectin concentrations. Net 
changes were calculated as follows: measure at the 
end of trial - measure at baseline of trial (15). When 
the standard error of the mean (SEM) was reported in 
place of SD, we converted it to SD for analyses using 
the following formula: SD=SEM×square root (n), 
where n is the number of participants in each group. 
If our interested outcomes were reported in median 
and range or 95% confidence interval [CI], mean 
and SD values were estimated using the method 
described by Hozo et al. (16). 

Heterogeneity was assessed by Cochran’s Q-test, 
and also I2 test for calculating the percentage of 
heterogeneity (I2 value>50% was assumed to indicate 
substantial heterogeneity among the studies. The 
pooled effect size was calculated using a random 
effects model in the presence of heterogeneity; 
otherwise, we applied a fixed-effects model. 
Pre-defined subgroup analyses based on dose of 
supplementation and trial duration were conducted. 
Sensitivity analysis was done with leave-one-out 
method (i.e. removing a single trial each time and 
repeating the analysis), to assess the impact of each 
study on the overall effect size. 
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Meta-regression was performed using 
unrestricted maximum likelihood method to explore 
the association between the net effect size, vitamin 
E dose, duration of supplementation, and baseline 
BMI of subjects. The potential publication bias 
was detected using the funnel plot, Begg’s rank 
correlation, and Egger’s weighted regression tests. 
For adjusting the analysis in the effects of publication 
bias, we used the Duval and Tweedie “trim and fill” 
and “fail-safe N” methods (17). 

Results
The detailed process of the study selection was 
shown in Figure 1. In total, 217 articles were found 
in database search, and 189 articles were excluded, 
either because of duplication (n=65) or because 
they were not relevant to our present meta-analysis 
after the careful review of the titles and abstracts 
(n=137). Therefore, 15 potentially relevant articles 
were selected for full-text evaluation. After a 
careful evaluation, 9 articles were excluded for 
several reasons: not randomized placebo-controlled 
studies (n=2), adiponectin measurements were not 
performed (n=4), used vitamin E in combination 
with other supplement/drug without an appropriate 
control group (n=2) and not adequate data (n=1). 
Thus, 6 RCTS with 9 treatment arms were ultimately 
selected for inclusion in the meta-analysis.

A summary of the study characteristics included 
in the meta-analysis is presented in Table 1. Data 

were pooled from 6 eligible studies comprising 9 
treatment arms, which included 452 subjects, with 
230 participants in the vitamin E arm and 222 in 
the control arm. The number of participants in these 
trials ranged from 20 to 75 subjects. The studies 
included were published between 2007 and 2014, and 
conducted in Iran (three studies), New Zealand (two 
studies) and Switzerland. Vitamin E dose ranged 
from 100 to 800 mg per day and the duration of 
vitamin E supplementation varied from 8 weeks 
to 2 years. Two trials selected subjects with type 2 
diabetics; of the remaining 4 trials, one focused on 
nonalcoholic steatohepatitis, one included patients 
with metabolic syndrome, one trial was conducted 
on patients with cardiovascular diseases and one 
study was performed on overweight subjects. All 
the studies used a parallel design. Demographic and 
baseline parameters of the studies that were included 
are shown in Table 1.

The quality of these 6 studies ranged from 2 
to 5 (maximum score), and 5 of these 6 included 
had higher quality, as assessed by the Jadad scale 
(Table 1). All of the studies had a parallel design 
and were randomized, double-blind, and placebo-
controlled trials. All studies reported randomization; 
however, one study (10) did not adequately explain 
the randomization procedure. Three (10, 18, 19) 
of six included trials did not describe the blinding 
procedure. Only one study (10) did not report the 
details of dropouts and reasons for withdrawal.

Figure 1: Flow diagram of the study selection procedure showing the number of eligible randomized controlled trials 
for the meta-analysis of the effect of vitamin E supplementation on adiponectin
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Meta-analysis of data from 9 treatment arms 
suggested a significant elevation in circulating 
adiponectin levels following vitamin E 
supplementation (MD: 0.36 μg/mL, 95% CI: 0.16 
to 0.56; p<0.001); with no significant heterogeneity 
among the studies (I2=37.36%, p=0.157) (Figure 2 
upper plot). However, vitamin E’s effect on plasma 
adiponectin concentrations was sensitive to the study 
performed by Manning et al. (a).  Removing the 
mentioned study from the analysis resulted in non-
significant effect (MD: 0.13 μg/mL, 95% CI: -0.07, 
1.23, p=0.218). (Figure 2 lower plot). Because no 
significant heterogeneity was found, the results were 
reported based on fixed-effect models.

When the studies were categorized according to 
administered vitamin E dose, there was a significant 
greater adiponectin-increasing effect in trials with 
≥400 mg/day (MD: 0.78 μg/mL, 95% CI: 0.31, 1.24, 
p=0.001) versus those with <400 mg/day dosage 
(MD: 0.38 μg/mL, 95% CI: -0.37, 1.15, p=0.317) 
(Figure 3). We also stratified the trials according to 
their duration and found a significant elevation of 
circulating adiponectin levels in those trials lasting 
≥6 months (MD: 0.58 μg/mL, 95% CI: 0.29, 0.86, 
p<0.001), but not in lower duration (MD: 0.17 μg/
mL, 95% CI: -0.09, 0.44, p=0.201) (Figure 4). 

Potential associations between the adiponectin-
increasing effects of vitamin E supplementation 
with regard to dose of supplementation, duration of 

intervention and baseline adiponectin levels were 
evaluated using unrestricted maximum likelihood 
meta-regression analysis. In meta-regression, 
changes in plasma adiponectin concentrations 
following vitamin E supplementation were found 
to be independent of dose of supplementation (slope: 
0.0004; 95% CI: −0.003, 0.001; p=0.281), and baseline 
BMI (slope: 0.501; 95% CI: −0.02, 0.12; p=0.190), but 
it is associated with treatment duration (slope: 0.010; 
95% CI: 0.001, 0.018; p=0.018) (Figure 5). 

Table 1: Demographic characteristics of the included studies
Jadad 
score

Vitamin 
E  dose 
(mg/
day)

ControlInterventionDuration 
(weeks)

BMI 
(kg/m2)

Age
(years)

Sample 
size (n)

PopulationLocationAuthor, 
Year

2800UDCA+
placebo

UDCA+ 
Vitamin E

9631.047.028Nonalcoholic 
steatohepatitis

SwitzerlandBalmer  
et al., 2009

5400Corn oilVitamin E1227.744.068Type 2
diabetics

IranHashemi 
et al., 2014

5400EPAEPA+ 
Vitamin E

1228.045.068Type 2
diabetics

IranHashemi  
et al., 2014

5100Placebovitamin E4831.562.975Metabolic
syndrome

New 
Zealand

Manning  
et al., 2013

5100ALAALA+ 
Vitamin E

4831.762.9 74Metabolic
syndrome

New 
Zealand

Manning  
et al., 2013

5400Omega-3+ 
Vitamin E 
placebo

Omega-3+ 
vitamin E

826.856.342Patients with 
CAD

IranRamezani 
et al., 2015

4100CLA+ 
VitE 
placebo

CLA+ 
Vitamin E,

828.147.638Type 2
diabetics

IranShadman  
et al., 2013

3800PlaceboVitamin E2434.74720Overweight
subjects

New 
Zealand

Sutherland 
et al., 2007

3800PlaceboVitamin E2434.74739Overweight
subjects

New 
Zealand

Sutherland 
et al., 2007
ALA: Alpha lipoic acid; CLA: Conjugated linoleic acid; EPA: Ecosapantanoic acid; UDSA: Ursodeoxycholic acid

Figure 2: Forest plot displaying weight mean difference 
and 95% confidence intervals for the impact of 
vitamin E supplementation on circulating adiponectin 
concentrations (upper plot). Lower plot shows leave-one-
out sensitivity analysis (lower plot).
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The Funnel plot did not show a significant 
potential publication bias in the meta-analysis of 
vitamin E and adiponectin that was addressed by 
imputing no potentially missing studies using ‘trim 
and fill’ method (Figure 6). The results of Begg’s 
rank correlation (Kendall’s Tau with continuity 
correction=0.41, z=1.56, two-tailed p=0.117) and 
Egger’s linear regression (intercept=6.20, standard 
error=4.19; 95% CI: −3.71, 16.11, t=1.47, df=7, two-
tailed p=0.182) tests also did not show any sign of 
publication bias. The ‘fail-safe N’ test demonstrated 
that 9 studies would be needed to bring the effect size 
down to a non-significant (p>0.05) value.

Discussion
To the best of our knowledge, the current systematic 
review and meta-analysis are the first study to 
analyse available evidence from RCTs regarding the 

effects of vitamin E supplementation on circulating 
adiponectin concentrations. The findings of this 
meta-analysis showed a significant increasing 
effects of vitamin E on circulating adiponectin 
concentrations. However, in the sup-group analysis 
this significant increasing effect was observed 
only in those trials ≥6 months and with daily 
dose of vitamin E≥400 mg/d. Furthermore, the 
influence of vitamin E on circulating adiponectin 
levels was found to be dependent of duration of 
supplementation. 

Since, adiponectin has a protecting role in 
cardiovascular diseases (CVDs); evaluation of its 
circulating levels is important. Actually, it seems that 
low levels  of adiponectin have deleterious effects 
on cardiovascular system (20). The mechanisms 
by which vitamin E exerts its effect on adiponectin 
expression and secretion are not clear. Therefore, to 

Figure 3: Forest plot displaying weight mean difference and 95% confidence intervals for the impact of vitamin E 
supplementation on circulating adiponectin concentrations in trials with supplemental doses ≥400 mg/day (upper plot) 
and <400 mg/day (lower plot).

Figure 4: Forest plot displaying weight mean difference and 95% confidence intervals for the impact of vitamin E 
supplementation on circulating adiponectin concentrations in trials with supplemental duration ≥6 months (upper plot) 
and <6 months (lower plot).
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answer to this question, Landrier et al. (8), tested 
the effect of vitamin E on adiponectin expression 
in vivo and observed that supplementation with 
4 mg α -tocopherol after four-day, significantly 
increase serum adiponectin levels and also adipose 
adiponectin mRNA transcript. 

Landrier et al. (8) have shown that tocopherol 
modulate adiponectin expression via direct regulation 
of PPARγ gene expression but not through its 
antioxidant capacity. After this study, one year later 
the study performed by Shen et al. (21), confirmed 
the Landrier results. In this study when 350 mg/
kg of DL-α-tocopherol acetate was administered 
to obese rats, adiponectin levels were significantly 
increased in both circulation and adipocytes (mRNA 
and protein) compared with control group. These 
findings, and also those suggesting a PPARγ as 
inductor of adiponectin expression (22, 23), indicated 
a possible association  between vitamin E, PPARγ, 
and adiponectin levels, and confirmed the hypothesis 
that vitamin E’s  activity in increasing adiponectin 
expression may be through PPARγ upregulation. 
Indeed, PPARγ can bind to PPRE,  the functional 
region in the adiponectin promoter, and increased  

transcription of adiponectin in adipocytes (22). 
Therefore, vitamin E via induction of PPARγ can 
increase PPARγ affinity for binding to PPRE and 
subsequently upregulation of adiponectin (24, 25).

In human studies however, there have been 
conflicting findings on whether adiponectin 
augment occurs after vitamin E supplementation, 
with some RCTs suggest slight reduction or no 
change (11, 18), while others (9, 10), reporting 
increasing effect as our finding. It must be kept 
in mind that our sensitivity analysis showed that 
removing a treatment arm performed by Manning  
et al. (a), changed the effect of vitamin E on 
circulating adiponectin levels to non-significance. 
In this study, vitamin E plus α-lipoic acid was 
supplemented in subjects with metabolic syndrome. 
Without this study, we could not see any effect of 
vitamin E on circulating adiponectin; therefore, our 
findings should be interpreted with caution.

In our finding, a significant effect of vitamin E 
was observed only in the trials administered doses 
≥400 mg/day and in those lasting ≥6 months. This 
finding seems to be consistent with other studies 
(10), which vitamin E was supplemented 400 IU 
twice per day (b.i.d) for a long term follow up (2 
years) in nonalcoholic steatohepatitis patients. Thus, 
it is possible that vitamin E supplementation over 
6 months with doses higher than 400 IU/d might 
be sufficient to increase adiponectin levels. This 
meta-analysis had several strengths. All the trials 
were double-blind, which strengthens the inference 
for a cause-and-effect relationship. The qualified 
RCTs generally had a high quality, as assessed by 
the Jadad scale. However, the present meta-analysis 
had several limitations that must be considered while 
interpreting our results. Most importantly, there were 
few eligible studies, and most of them had small 
populations (<60 subjects).

Conclusion
In this meta-analysis, a sufficient evidence was 
found regarding the significant effect of vitamin 

Figure 5: Meta-regression plots of the association between 
mean changes in plasma adiponectin concentrations with 
treatment duration, dose of supplementation and changes 
in baseline serum adiponectin concentrations.

Figure 6: Funnel plot displaying publication bias in the 
studies reporting the effect of vitamin E supplementation 
on circulating adiponectin concentrations.
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E on circulating adiponectin levels, which is more 
evident in doses higher than 400 mg per day and 
in trials lasting over 6 months. Additional high-
quality well-designed studies should be performed 
to approve our findings.

Acknowledgement
 This research did not receive any specific grant 
from funding agencies in the public, commercial, 
or not-for-profit sectors. 

Conflict of Interest
None declared.

Refrences
1 Berg AH, Scherer PE. Adipose tissue, 

inflammation, and cardiovascular disease. 
Circ Res. 2005;96:939-49. DOI:1161/01.
RES.0000163635.62927.34. PMID:15890981.

2 Rasouli N, Kern PA. Adipocytokines and the 
metabolic complications of obesity. J Clin 
Endocrinol Metab. 2008;93:s64-s73. DOI:1210/
jc.2008-1613. PMID:18987272.

3 Han SH, Quon MJ, Kim JA, et al. Adiponectin and 
cardiovascular disease: response to therapeutic 
interventions. J Am Coll Cardiol. 2007;49:531-8. 
DOI:1016/j.jacc.2006.08.061. PMID:17276175.

4 Hajer GR, van Haeften TW, Visseren FL. 
Adipose tissue dysfunction in obesity, diabetes, 
and vascular diseases. Eur Heart J. 2008;29:2959-
71. DOI:1093/eurheartj/ehn387. PMID:18775919.

5 Pischon T, Girman CJ, Hotamisligil GS, et al. 
Plasma adiponectin levels and risk of myocardial 
infarction in men. JAMA. 2004;291:1730-7. 
DOI:1001/jama.291.14.1730. PMID:15082700.

6 Zhu W, Cheng KK, Vanhoutte PM, et al. Vascular 
effects of adiponectin: molecular mechanisms 
and potential therapeutic intervention. Clin 
Sci (Lond). 2008;114:361-74. DOI:10.1042/
CS20070347. PMID:18230060.

7 Ouchi N, Kihara S, Arita Y, et al. Adipocyte-
derived plasma protein, adiponectin, suppresses 
lipid accumulation and class A scavenger 
receptor expression in human monocyte-derived 
macrophages. Circulation. 2001;103:1057-63. 
DOI: 1161/01.cir.103.8.1057. PMID:11222466. 

8 Landrier JF, Gouranton E, El Yazidi C, et al. 
Adiponectin expression is induced by vitamin E 
via a peroxisome proliferator-activated receptor 
γ-dependent mechanism. Endocrinology. 
2009;150:5318-25. DOI:1210/en.2009-0506. 
PMID:19833717.

9 Ramezani A, Koohdani F, Djazayeri A, et al. 
Effects of administration of omega-3 fatty acids 
with or without vitamin E supplementation on 

adiponectin gene expression in PBMCs and 
serum adiponectin and adipocyte fatty acid-
binding protein levels in male patients with CAD. 
Anatol J Cardiol. 2015;15:981-9. DOI:10.5152/
akd.2015.5849. PMID:25880054; PMCID: 
PMC5368470.

10 Balmer ML, Siegrist K, Zimmermann A, et al. 
Effects of ursodeoxycholic acid in combination 
with vitamin E on adipokines and apoptosis 
in patients with nonalcoholic steatohepatitis. 
Liver Int. 2009;29:1184-8. DOI:1111/j.1478-
3231.2009.02037.x. PMID:19422479.

11 Hashemi S, Sarbolouki S, Djalali M, et al. 
Adiponectin and glycemic profiles in type 2 
diabetes patients on eicosapentaenoic acid with 
or without vitamin E. Acta Endocrinologica 
(Buc). 2014;10:84-96. DOI:4183/aeb.2014.84. 

12 Moher D, Shamseer L, Clarke M, et al. Preferred 
reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015 statement. 
Systematic Reviews. 2015;4:1. DOI:1186/2046-
4053-4-1.

13 Jadad AR, Moore RA, Carroll D, et al. Assessing 
the quality of reports of randomized clinical 
trials: is blinding necessary? Control Clin Trials. 
1996;17:1-12. DOI:1016/0197-2456(95)00134-4. 
PMID:8721797.

14 Moher D, Cook D, Jadad A, et al. Assessing 
the quality of reports of randomised trials: 
implications for the conduct of meta-analyses. 
Health technology assessment (Winchester, 
England). 1999;3:i.

15 Higgins JP, Green S. Cochrane handbook for 
systematic reviews of interventions. Wiley 
Online Library; 2008.

16 Hozo SP, Djulbegovic B, Hozo I. Estimating 
the mean and variance from the median, 
range, and the size of a sample. BMC Med Res 
Methodol. 2005;5:1. DOI:1186/1471-2288-5-13.
PMID:15840177.

17 Duval S, Tweedie R. Trim and fill: a simple 
funnel-plot-based method of testing and 
adjusting for publication bias in meta-analysis. 
Biometrics. 2000;56:455-63. DOI:1111/j.0006-
341x.2000.00455.x. PMID:10877304.

18 Borenstein M, Hedges L, Higgins J, et al. 
Comprehensive meta-analysis version 2. 
Englewood, NJ: Biostat; 2005;104.

19 Shadman Z, Taleban FA, Saadat N, et al. 
Effect of conjugated linoleic acid and vitamin 
E on glycemic control, body composition, and 
inflammatory markers in overweight type2 
diabetics. J Diabet Metab Disor. 2013;12:42. 
DOI:1186/2251-6581-12-42. 

20 Sutherland WH, Manning PJ, Walker RJ, et 

https://doi.org/10.1016/j.jacc.2006.08.061
https://doi.org/10.1093/eurheartj/ehn387
https://doi.org/10.1001/jama.291.14.1730
https://doi.org/10.1042/CS20070347
https://doi.org/10.1042/CS20070347
https://doi.org/10.1161/01.cir.103.8.1057
https://doi.org/10.1210/en.2009-0506
https://doi.org/10.5152/akd.2015.5849
https://doi.org/10.5152/akd.2015.5849
https://doi.org/10.1111/j.1478-3231.2009.02037.x
https://doi.org/10.1111/j.1478-3231.2009.02037.x
https://doi.org/10.4183/aeb.2014.84
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.1186/2251-6581-12-42


Vitamin E and circulating adiponectin concentrations

Int J Nutr Sci September 2017;2(3)  125

al. Vitamin E supplementation and plasma 
8-isoprostane and adiponectin in overweight 
subjects. Obesity. 2007;15:386-91. DOI:1038/
oby.2007.546. PMID:17299112.

21 Maahs DM, Ogden LG, Kinney GL, et 
al. Low plasma adiponectin levels predict 
progression of coronary artery calcification. 
Circulation. 2005;111:747-53. DOI:1161/01.
CIR.0000155251.03724.A5. PMID:15699257.

22 Shen XH, Tang QY, Huang J, et al. Vitamin 
E regulates adipocytokine expression in a rat 
model of dietary-induced obesity. Experimental 
biology and medicine. 2010;235:47-51. DOI:1258/
ebm.2009.009122 

23 Iwaki M, Matsuda M, Maeda N, et al. Induction 

of adiponectin, a fat-derived antidiabetic and 
antiatherogenic factor, by nuclear receptors. 
Diabetes. 2003;52:1655-63. DOI:2337/
diabetes.52.7.1655. PMID:12829629.

24 Combs TP, Wagner JA, Berger J, et al. 
Induction of adipocyte complement-related 
protein of 30 kilodaltons by PPARγ agonists: 
a potential mechanism of insulin sensitization. 
Endocrinology. 2002;143:998-1007. DOI:1210/
endo.143.3.8662. PMID:11861525.

25 Gray B, Swick J, Ronnenberg AG. Vitamin E and 
adiponectin: proposed mechanism for vitamin 
E-induced improvement in insulin sensitivity. 
Nutr Rev. 2011;69:155-61. DOI:1111/j.1753-
4887.2011.00377.x. PMID:21348879.

https://doi.org/10.1038/oby.2007.546
https://doi.org/10.1038/oby.2007.546
https://doi.org/10.1161/01.CIR.0000155251.03724.A5
https://doi.org/10.1161/01.CIR.0000155251.03724.A5
https://doi.org/10.1258/ebm.2009.009122
https://doi.org/10.1258/ebm.2009.009122
https://doi.org/10.2337/diabetes.52.7.1655
https://doi.org/10.2337/diabetes.52.7.1655
https://doi.org/10.1210/endo.143.3.8662
https://doi.org/10.1210/endo.143.3.8662
https://doi.org/10.1111/j.1753-4887.2011.00377.x
https://doi.org/10.1111/j.1753-4887.2011.00377.x

