
© 2019 Shu and Chi. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy 2019:13 1633–1641

Drug Design, Development and Therapy

This article was published in the following Dove Medical Press journal: 
Drug Design, Development and Therapy

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1633

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/DDDT.S186992

effect of pravastatin treatment on circulating 
adiponectin: a meta-analysis of randomized 
controlled trials

Xiangrong Shu1

Liqun Chi2

1Department of Pharmacy, Tianjin 
Huanhu Hospital, Tianjin 300050, 
China; 2Department of Pharmacy, 
Haidian Maternal & Child Health 
Hospital of Beijing, Beijing 100080, 
China

Objective: Pravastatin has been suggested to increase circulating adiponectin in humans. 

However, results of randomized controlled trials (RCTs) are inconsistent. We aimed to systemati-

cally evaluate the influence of pravastatin on circulating adiponectin in humans by performing 

a meta-analysis of RCTs.

Materials and methods: Studies were identified via systematic searching of PubMed, Embase, 

and Cochrane’s Library databases. A random effect model was used to pool the results. Meta-

regression and subgroup analyses were applied to explore the source of heterogeneity.

Results: Eight RCTs with nine comparisons of 595 participants were included. Pravastatin 

treatment was associated with a significant increased level of circulating adiponectin as compared 

with controls (weighted mean difference [WMD] =0.63 µg/mL; 95% CI, 0.17–1.09 µg/mL; 

P=0.007) with moderate heterogeneity (I2=28%). These results were confirmed by meta-analysis 

of double-blinded placebo-controlled RCTs (WMD =0.82 µg/mL; P=0.01). Meta-regression 

analyses indicated that proportions of males in each study were positively correlated with the 

effect of pravastatin on adiponectin (coefficient: 0.015, P=0.03). Subgroup analyses confirmed 

that pravastatin significantly increased adiponectin in studies of males (WMD =1.41 µg/mL; 

P=0.008), but not in those of females (WMD =-0.04 µg/mL; P=0.94).

Conclusion: Pravastatin treatment is associated with increased circulating adiponectin. Gender 

difference may exist regarding the effect of pravastatin treatment on adiponectin.

Keywords: pravastatin, adiponectin, meta-analysis, randomized controlled trials

Introduction
Pravastatin is a representative medication belonging to the class of 3-hydroxy-

3-methylglutaryl coenzyme reductase inhibitors.1 Similar to other statins, pravastatin 

is proved to be effective for the primary and secondary prevention of cardiovascular 

diseases (CVDs),2,3 mainly depending on its lowering effect on low-density lipoprotein 

cholesterol. Different from other statins, pravastatin is suggested to be of a favorable 

influence on glucose metabolism and better safety profiles.4–6 Indeed, some cohort 

studies indicated that unlike other statins, long-term pravastatin treatment was not 

associated with an increased risk of new-onset diabetes.7–10 Moreover, pravastatin is 

recently proved to be preventative of preeclampsia, reflecting the potential benefits 

of pravastatin on endothelial function.11 Therefore, elucidation of the potential phar-

macological mechanisms of pravastatin is important for the understanding the unique 

effects of pravastatin.

Adiponectin is an adipocyte-synthesized protein, which confers multiple benefits 

in cardiovascular and metabolic systems.12 It has been confirmed that adiponectin is 
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an anti-inflammatory factor, which prevents the progression 

of atherosclerosis via its inhibitory effects on oxidation, 

platelet aggregation, and thrombosis formation.13 As for 

the metabolic system, adiponectin may exert its benefit via 

improving insulin resistance.14 Epidemiological studies 

suggest that higher circulating level of adiponectin is asso-

ciated with lower risk of CVDs15 and diabetes.16 Interest-

ingly, evidence from observational studies in humans has 

suggested that pravastatin treatment may lower circulating 

adiponectin.17 However, results of subsequent randomized 

controlled trials (RCTs) were inconsistent.18–25 A previ-

ous meta-analysis in 2016 evaluated the overall effect 

of statins on adiponectin.26 Although subgroup analysis 

in studies with pravastatin was performed, a non-RCT 

study27 and a study comparing pravastatin with fenofi-

brate28 were included and the results showed insignificant 

effect of pravastatin treatment on circulating adiponectin. 

Moreover, two qualified RCTs19,21 were not included in 

the previous meta-analysis, which may lead to the bias 

of the insignificant results. Therefore, the aim of current 

study was to evaluate the effect of pravastatin treatment 

on circulating adiponectin in a meta-analysis of RCTs. 

Results of our study may provide further information for 

understanding the benefits of pravastatin in cardiovascular 

and metabolic system.

Materials and methods
Database searching
We followed the instructions of the PRISMA statement29 

and the Cochrane Handbook for Systematic Review,30 

when performing this meta-analysis. PubMed, Embase, and 

Cochrane’s Library databases were systematically searched 

with the terms “pravastatin” combined with “adiponectin.” 

We limited the searching to studies in humans, and the last 

database searching was performed on December 10, 2018. 

The reference lists of the original articles and reviews 

were also manually screened for potential inclusion.

Study selection
The following inclusion criteria were applied in this meta-

analysis: 1) published as full-length articles in English or 

Chinese; 2) designed as parallel RCTs; 3) included subjects 

that were randomly assigned to a pravastatin treatment group 

or a control group; 4) with the treatment of pravastatin for 

at least 3 days because we did not aim to evaluate the acute 

effect of pravastatin; 5) reported the outcomes of changes of 

circulating adiponectin (total, low-molecular weight [LMW], 

or high-molecular weight [HMW] adiponectin) from baseline 

in each group as means and SDs, or these data could be 

calculated. Reviews, abstracts, editorials, and studies that 

are not RCTs were excluded.

Data extraction
The processes of database searching, study selection, data 

extraction, and quality assessment were independently per-

formed by two authors according to the predefined criteria. 

If discrepancies occurred, they were solved by consensus. 

For studies with different doses of pravastatin, multiple com-

parisons were considered. The sample size of the controls 

was equally split accordingly to overcome a unit of analysis 

error as indicated by the Cochrane Handbook for Systematic 

Review.30 Data regarding the characteristics of study design 

(blinded or open label, placebo-controlled [PC] or not), 

participants (disease status, sample size, mean age, gender, 

and mean body mass index [BMI]), pravastatin treatment 

(dose and treatment duration), and adiponectin measurement 

methods were extracted.

Quality evaluation
The Cochrane Risk of Bias Tool was applied to evaluate the 

quality of the included studies.30 This tool included seven 

domains regarding the following aspects of the studies, 

including criteria concerning sequence generation, allocation 

concealment, participant and personnel blinding, outcome 

assessor blinding, incomplete outcome data, selective out-

come reporting, and other potential threats to validity.

Statistical analysis
We used RevMan (Version 5.1; Cochrane Collaboration, 

Oxford, UK) and Stata software (version 12.0; Stata Corpora-

tion, College Station, TX, USA) to perform the meta-analysis 

and statistical analysis. The primary outcome of the study 

was the changes of circulating adiponectin levels between 

the baseline and the endpoint in response to pravastatin treat-

ment, as compared with controls. We used weighted mean 

difference (WMD) with 95% CIs to describe the outcome. 

Heterogeneity among the included studies was tested using 

Cochrane’s Q test, and significant heterogeneity was identi-

fied at P-values ,0.10.30 We also included the I2 statistics 

to evaluate the heterogeneity, presenting the percentages of 

total variation across studies that are due to heterogeneity 

rather than chance. Significant heterogeneity was considered 

if I2.50%.31 A random effect model rather than a fixed effect 

model was applied to pool the results, since the random effect 

model incorporates the study heterogeneity and thereby 

providing more generalizable results. Sensitivity analysis 
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by excluding one study at a time was performed to evaluate 

the potential influence of single study on the meta-analysis 

results.30 The contributions of the predefined study char-

acteristics (including number of participants, age, gender, 

mean BMI, pravastatin doses, and treatment duration) to the 

heterogeneity among the studies were analyzed via univariate 

meta-regression and subgroup analyses, with the medians 

of the continuous variables as cutoffs. Potential publication 

bias was assessed by a funnel plot and Egger’s regression 

asymmetry test.32 P-values were two-tailed, and statistical 

significance was set at 0.05.

Results
Literature searching results
The flowchart of database searching is summarized in 

Figure 1. Overall, 141 articles were identified after the 

initial database searching, and 125 were excluded after 

primary screening with titles and abstracts, mainly because 

they were irrelevant to the aim of the current meta-analysis. 

The remaining 16 articles underwent full-text review, and 

seven articles were further excluded because three of them 

were irrelevant studies, three were not RCTs, one was the 

duplicated presentation of an already included study, and the 

other one was without any available outcome data. Finally, 

eight RCTs were included in our meta-analysis.18–25

Study characteristics and quality 
evaluation
Since one of the studies23 included two pravastatin treatment 

groups with different doses, two comparisons were con-

sidered. Overall, eight RCTs18–25 with nine comparisons of 

595 participants were included. The baseline characteristics 

of the included studies are presented in Table 1. Briefly, all of 

the included studies were RCTs, and four comparisons were 

derived from three RCTs18,21,23 with double-blinded (DB) 

and PC design. Patients with various disease statuses were 

included, such as those with hyperlipidemia,21,22,24,25 type 2 

diabetes mellitus (DM),23 metabolic syndrome (MetS),19 and 

coronary artery disease.20 The sample sizes of the included 

comparisons varied from 31 to 152. The mean ages of the 

included patients ranged between 47.0 and 67.0 years, with 

varying proportions of male participants. Pravastatin was 

prescribed 40 mg per day in seven comparisons,18,19,21–25 

while 20 mg per day in the other two comparisons.20,23 

The treatment durations varied from 8 to 48 weeks. In all 

of the included studies, total adiponectin rather than HMW 

adiponectin was measured. Two of the comparisons used 

radioimmunoassay to measure circulating adiponectin,18,19 

while the other seven applied ELISA.20–25 The drop-out rates 

were within 10% for all of the included RCTs. The details 

of quality assessment via the Cochrane’s risk of bias tool 

are presented in Table 2. The quality of the included RCTs 

was generally modest, with a total score of 1–3 in most of 

the studies.

Meta-analysis for the effect of pravastatin 
on circulating adiponectin
By pooling the results of the nine included comparisons, 

our meta-analysis showed that pravastatin treatment was 

associated with a significant increased level of circulating 

adiponectin as compared with controls (WMD =0.63 µg/mL; 

95% CI, 0.17–1.09 µg/mL; P=0.007; Figure 2A), with 

moderate heterogeneity among the included studies (P for 

Cochrane’s Q test =0.20, I2=28%). Subsequent analyses 

by including four comparisons from RCTs of DB and PC 

design18,21,23 further confirmed the results, which showed 

an even larger increment of circulating adiponectin after 

pravastatin treatment (WMD =0.82 µg/mL; 95% CI, 

0.17–1.47 µg/mL; P=0.01; Figure 2B) with considerable 

heterogeneity (I2=62%). We performed sensitivity analysis 

by excluding one study at a time to evaluate the potential 

influence of single study on the meta-analysis results. While 

excluding other studies did not significantly affect results, 

excluding the study by Takagi et al21 retrieved an insignificant Figure 1 Flowchart of database searching and study selection.

Articles identified through database searching (n=134)

Potentially relevant articles (n=15)

Articles included in review (n=8)

Articles included in meta-analysis (n=8)
Effects of pravastatin on serum adiponectin concentration

Articles excluded based on full-text review (n=7)
Not relevant studies (n=3)
Not randomized trials (n=2)
Presentation of the same study (n=1)
Related outcome not reported (n=1)

Articles excluded based on title and abstract (n=119)
Not relevant studies
Not randomized controlled trials in humans
Review articles, letters or editorials
Duplications
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result (WMD =0.27 µg/mL; 95% CI, -0.26–0.80 µg/mL; 

I2=0%; P=0.31). These results indicated that the positive 

results of the current meta-analysis were mainly driven by 

the study of Takagi et al.21 Since the health/disease status 

of patients may affect the results, we performed subgroup 

analysis in patients with MetS, impaired glucose tolerance 

(IGT), or DM, and the hyperlipidemic (HL) or hypercholes-

terolemic (HC) patients. The results showed that the effects 

of pravastatin on adiponectin were not significantly different 

between the two groups (P for subgroup difference =0.49; 

Figure 2C).

Meta-regression and subgroup analyses
Subsequently, we performed univariate meta-regression 

and subgroup analyses to evaluate whether predefined 

study characteristics have a significant influence on the 

effect of pravastatin treatment on circulating adiponectin. 

Results of meta-regression showed that proportions of 

male participants in each study were positively correlated 

with the effect of pravastatin treatment on circulating adi-

ponectin (coefficient: 0.015, P=0.03; Table 3; Figure 3), 

while not for other characteristics, including number of 

participants, age, mean BMI, pravastatin doses, or treatment 

duration (P all .0.05; Table 3). These results were further 

confirmed by stratified analyses comparing the effect of 

pravastatin treatment on circulating adiponectin in male and 

female participants, which showed significantly increased 

adiponectin after pravastatin in studies of male partici-

pants (WMD =1.41 µg/mL; 95% CI, 0.58–2.23 µg/mL; 

P=0.008; Figure 4), but not in studies of female participants 

(WMD =-0.04 µg/mL; 95% CI, -1.01 to 0.93 µg/mL; 

P=0.94; Figure 4). Consistently, subgroup analyses using the 

median of the proportion of males in each study as the cut-off 

value indicated that pravastatin significantly increased circu-

lating adiponectin in studies with male participants of .50% 

(WMD =1.01 µg/mL; 95% CI, 0.43–1.59 µg/mL; P,0.001; 

Table 4), but not in studies with male participants of #50% 

(WMD =0.01 µg/mL; 95% CI, -0.73 to 0.76 µg/mL; P=0.97; 

Figure 2 Forest plot for the meta-analysis of effect of pravastatin treatment on circulating adiponectin as compared with controls.
Notes: (A) Forest plot for the overall meta-analysis; (B) forest plot for the meta-analysis with double-blinded, placebo-controlled randomized controlled trials.

τ χ

χ

Table 3 impact of study characteristics on the effects of statins 
therapy on serum adiponectin concentrations: results of univariate 
meta-regression analyses

Variables Coefficient 95% CI P-value

Number of subjects 0.012 -0.009 to 0.033 0.24

Mean age (years) 0.042 -0.107 to 0.191 0.52

Male (%) 0.015 0.006 to 0.024 0.03

BMi (kg/m2) -0.093 -0.445 to 0.259 0.55

Dose (mg/d) 0.003 -0.086 to 0.092 0.95

Duration (weeks) 0.042 -0.017 to 0.101 0.31

Abbreviations: BMi, body mass index; wMD, weighted mean difference.
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Table 4). The difference between the two stratums was 

significant (P=0.04).

Publication bias
No significant publication biases were indicated by the funnel 

plot (Figure 5) or the results of Egger’s significance test for 

the effect of pravastatin on circulating adiponectin (P=0.47).

Discussion
Our meta-analysis by including eight RCTs showed that 

pravastatin treatment is associated with increased circulat-

ing adiponectin. Moreover, subsequent analyses showed that 

gender of the participants may be an important determinant 

for the effect of pravastatin treatment on circulating adipo-

nectin. Specifically, pravastatin may significantly increase 

the circulating adiponectin in male participants, but not in 

female participants. These results suggest that pravastatin 

treatment is associated with an increment of circulating adi-

ponectin, which may be alternative mechanisms underlying 

the benefits of pravastatin to cardiovascular and metabolic 

systems. Moreover, gender difference may exist regarding 

the influence of pravastatin on circulating adiponectin.

Previous studies suggest that increased circulating 

adiponectin level is an independent marker of reduced risk 

of CVDs.15,33 Our meta-analysis showed that pravastatin may 

increase the circulating adiponectin level, which may be an 

important mechanism underlying the preventative effects 

of pravastatin for CVDs. More importantly, an increased 

circulating adiponectin level has been suggested to confer 

a protective effect against the development of diabetes. 

Indeed, a previous meta-analysis of 13 prospective studies 

showed that every increment of 1 µg/mL adiponectin was 

associated with a 28% reduction in new-onset diabetes.16 

Although the underlying mechanisms remain unknown, the 

diabetogenicity has been considered as an inherited adverse 

effect of statins. We hypothesized that the enhancement of 

circulating adiponectin by pravastatin may substantially over-

come the inherited diabetogenicity of the medications.34 This 

is consistent with the previous findings from cohort studies 

that long-term treatment with pravastatin is not associated 

with increased risk of new-onset diabetes.7–9 Obviously, these 

hypotheses should be further investigated.

The underlying mechanisms contributing to the enhance-

ment by pravastatin on circulating adiponectin remain 

unknown at current stage. Although experimental studies have 

been performed to confirm the stimulatory effect of pravastatin 

Figure 3 Correlation between proportions of male participants in each study 
and the effect of pravastatin treatment on circulating adiponectin: result of meta-
regression analysis.
Abbreviation: wMD, weighted mean difference.

Figure 4 Forest plot for the meta-analysis of effect of pravastatin treatment on circulating adiponectin stratified by genders of the participants.

χ

χ

χ

χ
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on adiponectin in animal models,35,36 the potential molecular 

signal pathways involved were rarely observed. Moreover, 

these studies were focused on the acute effect of pravastatin 

treatment on adiponectin. Therefore, further studies are needed 

to elucidate the potential molecular pathways involved in the 

chronic effect of pravastatin on circulating adiponectin.

Interestingly, results of sensitivity analysis indicated that the 

positive results of the current meta-analysis were mainly driven 

by the study of Takagi et al.21 Since the present study is the only 

study that included hyperlipidemic patients, these results may 

indicate that pravastatin may reduce circulating adiponectin 

in hyperlipidemic patients. However, subgroup analysis did 

not indicate that the effects of pravastatin on adiponectin were 

significantly different between patients with MetS, IGT, or DM, 

and those with HL and HC. In view of the limited comparisons 

included in each stratum, influence of health/disease status of 

the patient on the results should be evaluated in the future. 

Moreover, results of subsequent meta-regression and subgroup 

analyses suggest that gender difference may exist regard-

ing the influence of pravastatin on circulating adiponectin. 

These results should be interpreted cautiously because limited 

numbers of RCTs were available for the subgroup analysis. 

However, some previously published studies seem to support 

the potential gender difference regarding the pharmacological 

characteristics of pravastatin. Results of a pilot study of healthy 

volunteers indicated that sex may affect the pharmacokinetics 

of pravastatin.37 In addition, an early prospective study showed 

that the inhibitory effect of pravastatin on thrombin generation 

seems to be more remarkable in male participants as compared 

with females,38 which is also reflective of the sex difference of 

the pharmacokinetics of pravastatin. Based on above evidence, 

it is hypothesized that gender difference may influence the 

stimulatory effect of pravastatin on adiponectin. Further studies 

are warranted to confirm these findings.

Limitations
Our study has limitations. First, as previously mentioned, 

due to the limited number of the RCTs, results of our meta-

analysis and subgroup analysis should be confirmed by future 

studies with adequate statistical power. Moreover, the quality 

of the included RCTs is modest, which highlights the needs 

of high-quality RCTs regarding the influence of pravastatin 

on adiponectin. In addition, our study included patients with 

different disease statuses, which may also contribute to the 

potential heterogeneity. Furthermore, whether pravastatin 

increases LMW or HMW adiponectin remains undetermined 

according to the current meta-analysis. Finally, the treatment 

durations in our study were within 48 weeks. The long-term 

Table 4 impact of gender of the participants on the effect of pravastatin on circulating adiponectin: results of subgroup analyses

Study 
characteristics

WMD of serum adiponectin concentration (μg/mL)

Comparisons 
(patients), n

I2 (%) WMD (95% CI) P-valuea P-valueb

All female participants

Yes 2 (73) 0 -0.04 (-1.01, 0.93) 0.94  

No 7 (522) 29 0.82 (0.30, 1.34) 0.002 0.13

Median

#50% 4 (236) 0 0.01 (-0.73, 0.76) 0.97  

.50% 5 (359) 31 1.01 (0.43, 1.59) ,0.001 0.04

All male participants

Yes 2 (183) 60 1.41 (0.58, 2.23) ,0.001  

No 7 (412) 0 0.29 (-0.26, 0.84) 0.31 0.03

Notes: aP-values for subgroup effects. bP-values for subgroup interaction.
Abbreviation: wMD, weighted mean difference.

Figure 5 Funnel plot for the meta-analysis of effect of pravastatin treatment on 
circulating adiponectin.
Abbreviations: Se, standard error; wMD, weighted mean difference.
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influence of pravastatin treatment on circulating adiponectin 

beyond 48 weeks remains to be determined.

Conclusion
This meta-analysis showed that pravastatin treatment is 

associated with increased circulating adiponectin. Gender 

difference may exist regarding the effect of pravastatin treat-

ment on adiponectin.
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