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Abstract. – OBJECTIVE: Although many ob-
servational studies have shown an association 
between rosiglitazone and cardiovascular dis-
ease (CVD) or risk factors, controversy remains. 
We conducted a Mendelian randomized (MR) 
study to explore whether rosiglitazone is caus-
ally related to CVDs and risk factors.

PATIENTS AND METHODS: Single-nucleo-
tide polymorphisms associated with rosiglita-
zone at genome-wide significance were identified 
from a genome-wide association study of 337,159 
European-ancestry individuals. Four treatments 
with rosiglitazone-associated single-nucleotide 
polymorphisms associated with a higher risk of 
CVDs were used as an instrumental variable (IV). 
Summary-level data for 7 CVDs and 7 risk factors 
were obtained from UK Biobank and consortia.

RESULTS: We found no causal effects of rosigl-
itazone, either on CVDs or risk factors. The results 
were consistent in sensitivity analyses using Co-
chran’s Q test, MR-PRESSO method, leave-one-
out analysis and Mendelian randomization-Egger 
method (MR-Egger), and no directional pleiotro-
py was observed. Sensitivity analyses confirmed 
that rosiglitazone was not significantly associat-
ed with CVDs and risk factors.

CONCLUSIONS: The findings from this MR 
study indicate no causal relationship between ro-
siglitazone and CVDs or risk factors. Hence, previ-
ous observational studies may have been biased.

Key Words: 
Mendelian randomization, Genome-wide associa-

tion study, Rosiglitazone, Cardiovascular disease, Risk 
factors.

Introduction

Cardiovascular disease (CVD) is a common 
disease that seriously threatens human health 

and is a leading cause of morbidity and mortality 
globally1. In 2019, an estimated 18.6 million peo-
ple died of CVDs, of which 85% died of ischemic 
heart disease or stroke2. Rosiglitazone is a syn-
thetic peroxisome proliferator-activated recep-
tor γ agonist, which can exert its hypoglycemic 
effect by improving insulin sensitivity. Various 
research3-6 in the past decade showed that rosigli-
tazone had beneficial effects on overall CVDs and 
risk factors. Studies3-6 on type 2 diabetes (T2DM) 
patients with or without coronary heart disease in-
dicated that rosiglitazone could not only improve 
myocardial glucose intake and utilization3,4, but 
also improve cardiac systolic and diastolic func-
tion5,6. However, inconsistent findings7 have been 
reported, and more evidence shows that rosigli-
tazone has adverse effects on the cardiovascular 
system. A meta-analysis7 showed that the risk of 
myocardial infarction, heart failure, and cardio-
vascular mortality was significantly increased in 
T2DM patients treated with rosiglitazone. How-
ever, the role of rosiglitazone in heart disease is 
still controversial. The effects of rosiglitazone on 
CVDs are mostly shown in observational stud-
ies3-7; in these studies, mixed risk factors, reverse 
causality, or selection bias are inevitable.

Mendelian randomization (MR) uses single 
nucleotide polymorphism (SNP) as an instrumen-
tal variable (IV) to infer the causal relationships 
between exposure and outcome, which can over-
come the influence of confounding factors and 
reverse causal relationship8,9. In MR research, 
confounding factors can be minimized because 
genetic variations are randomly assigned to indi-
viduals at birth. Similarly, reverse causality can 
be avoided, because the existence of diseases will 
not affect the genotype of individuals10. There-
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fore, we conduct a Mendelian randomization 
(MR) study to explore the potential relationship 
between rosiglitazone and cardiovascular diseas-
es and risk factors.

Patients and Methods

Data Sources	
Summary statistic of rosiglitazone data was 

obtained from the UK Biobank (Table Ⅰ). UK Bio-
bank is a prospective cohort that recruited more 
than 500,000 men and women aged 40-96 years 
between 2006 and 2010, and their health is being 
followed in the long term. Our study did not re-
quire ethical approval because it was a reanalysis 
of previously collected and published data.

Seven CVDs and seven risk factors were in-
cluded as outcomes in this MR study (Table Ⅱ). 
Complete summary genome-wide association 

studies (GWAS) statistics for the outcomes of 
coronary heart disease (CHD) (UK Biobank Phe-
notypes Consortium, available at: https://gwas.
mrcieu.ac.uk/), stroke (UK biobank consortium), 
venous thromboembolism (UK biobank consor-
tium), hypertrophic cardiomyopathy (Neale Lab 
Consortium, available at: https://gwas.mrcieu.
ac.uk/), myocardial infarction11, fasting glucose12,13, 
High-Density Lipoprotein (HDL) cholesterol (UK 
biobank consortium)14,15, Low-Density Lipoprotein 
(LDL) cholesterol (UK biobank consortium)15,16, 
total cholesterol (UK biobank consortium)15, hy-
pertension (MRC-IEU Consortium, available at: 
https://gwas.mrcieu.ac.uk/)17, fasting insulin12,13, 
T2DM (Neale Lab consortium)18, unstable angina 
pectoris and coronary atherosclerosis, were ob-
tained. Table Ⅱ summarizes the numbers (includ-
ing the cases and controls where relevant) included 
in these GWAS, the population (including ethnici-
ty), and the sample size in the GWAS.

SNP, single nucleotide polymorphism; Chr, chromosome; EA; effect allele; EAF, effect allele frequency; NEA, non-effect 
allele; SE, standard error.

Table I. Genetic variants associated with rosiglitazone treatment.

										          F 		
SNP	 Chr	 Position	 EA	 OA	 EAF	 beta	 SE	 p-value	 R2	 statistic

rs187455998	 1	 81917480	 A	 G	 0.008508	 0.002929	 0.000534	 4.15E-08	 0.000159	 13.43434
rs138205523	 7	 158321203	 C	 G	 0.032005	 0.001622	 0.00027	 1.96E-09	 0.00064	 54.01021
rs117299843	 12	 132336077	 T	 C	 0.006674	 0.003259	 0.000571	 1.14E-08	 0.00013	 10.9901
rs144741037	 16	 70037510	 A	 G	 0.012413	 0.002456	 0.000437	 1.96E-08	 0.000237	 19.98889

CVDs, cardiovascular disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NA, not available.

Table II. Detailed characteristics of GWAS associated with exposures and outcomes in the study.

Traits	 Year	 Data source	 Race	 Sample size	 Cases	 Controls

Rosiglitazone 	 2017	 Neale Lab	 European	 337159	 483	 336,676

CVDs						    
Major coronary heart disease 	 2018	 UK Biobank phenotypes	 European	 361194	 10,157	 351,037
Unstable angina pectoris	 2018	 UK Biobank phenotypes	 European	 361194	 3,439	 357,755
Coronary atherosclerosis	 2018	 UK Biobank phenotypes	 European	 361194	 14,334	 346,860
Hypertrophic cardiomyopathy	 2017	 Neale Lab	 European	 337159	 71	 337,088
Stroke	 2018	 UK Biobank phenotypes	 European	 361194	 6,146	 355,048
Myocardial infarction 	 2021	 NA	 European	 395795	 14,825	 2,680
Venous thromboembolism	 2018	 UK Biobank phenotypes	 European	 361194	 4,620	 356,574

Risk factors 								      
HDL cholesterol	 2020	 UK Biobank	 European	 403943	 NA	 NA
LDL cholesterol	 2020	 UK Biobank	 European	 440546	 NA	 NA
Total cholesterol	 2020	 UK Biobank	 European	 115078	 NA	 NA
Hypertension	 2018	 MRC-IEU	 European	 463010	 54,358	 408,652
Type 2 diabetes	 2017	 Neale Lab	 European	 337159	 2,133	 335,026
Fasting insulin	 2021	 NA	 European	 151013	 NA	 NA
Fasting glucose	 2021	 NA	 European	 200622	 NA	 NA
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Study Design
An MR analysis was performed to evaluate 

the causal effects of rosiglitazone on CVDs and 
risk factors. MR analysis depends on the follow-
ing assumptions: (1) there is a strong correlation 
between genetic variation and exposure factors 
(correlation hypothesis); (2) genetic variation is 
independent of the confounding factors that af-
fect exposure and outcome (independence hy-
pothesis); (3) genetic variation can only affect the 
outcome through exposure (exclusive hypothesis). 
Satisfaction of the second and third assumptions 
serves as a definition of independence from plei-
otropy (Figure 1)19,20.

Selection and Validation of IVs
Firstly, SNPs associated with exposure at the 

genome-wide significance threshold p 5×10-8 from 
a meta-analysis of GWAS were selected as instru-
mental variables (IVs). The corresponding link-
age disequilibrium was identified. We confirmed 
that the SNP was in a state of linkage disequilib-
rium, and the independence of the SNP was real-
ized by cutting the SNP into a 1,000 kb window 
(r2 < 0.1)21. Secondly, PhenoScanner (available at: 
http://www.phenoscanner.medschl.cam.ac.uk/) 
was used to assess whether the above SNPs were 
related to known confounding factors (alcohol22, 
smoking23 and obesity24), and if so, the SNP 
would be excluded. Thirdly, we removed palin-
dromic sequences in SNPs to ensure that the ef-
fects of these SNPs on exposure corresponded to 
the same alleles as those on the outcome. Finally, 
the F statistic of each SNP was calculated to test 
the weak IV bias in this study25. If the F statistic 

of the IV was < 10, it indicated a potential weak 
IV bias, and excluding this SNP was necessary to 
avoid its influence on the results19.

MR Analysis
In the MR study, Inverse Variance Weighted 

(IVW) (random effects) method was mainly used 
to estimate the causal effect between exposure and 
outcome. Previous studies26 had shown that the 
IVW method was widely used in MR research, 
and the test efficiency was the strongest. In order 
to eliminate the influence of research methods on 
the results and improve the accuracy, other meth-
ods such as IVW (fixed effects) method, maximum 
likelihood method, and penalized weighted median 
method were used as complementary approaches. 
The IVW method required that all SNPs met the 
three hypotheses of the IVs selection27, especially 
the exclusive hypothesis and that genetic variation 
affected the outcome only through exposure in the 
study. Although known confounding SNPs were 
excluded as much as possible during the study, the 
estimation of causal effects might still be biased 
by gene pleiotropy caused by many unknown fac-
tors. Therefore, this study also used randomiza-
tion-Egger method (MR-Egger) and the Weighted 
Median Estimator (WME) to test the reliability 
and stability of the results. MR-Egger regression 
method could not only test multiplicity but also 
correct multiplicity bias28.

MR Sensitivity Analysis
Cochran’s Q statistic was used to find the het-

erogeneity among SNPs. MR-Egger intercept 
(differs on average from zero) was used to test 

Figure 1. Schematic representation of two-sample Mendelian randomization (TSMR) analysis. Three assumptions of Men-
delian randomization (MR) analysis are as follows: (1) instrumental variables (IVs) must be associated with Rosiglitazone use, 
(2) IVs must not be associated with confounders, (3) IVs must have an effect on cardiovascular disease (CVD)/risk factors only 
through Rosiglitazone use.

http://www.phenoscanner.medschl.cam.ac.uk/
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whether genetic variants of CVDs have pleiotro-
pic effects on rosiglitazone. If the result of the het-
erogeneity test was p > 0.05, it showed that there 
was no heterogeneity in SNPs. According to the 
exclusive hypothesis, it was necessary to test the 
causal inference between exposure and outcome. 
The horizontal pleiotropy was expressed by the 
intercept term of MR-Egger method, and the clos-
er the intercept was to 0, the smaller the intercept 
was. If p > 0.05, it was considered that SNPs did 
not have horizontal pleiotropy. Therefore, there 
must be some unavoidable random errors in the 
process of IVs selection29. Leave-one-out analysis 
was performed by omitting the genetic variants 
one by one, and MR analysis was still conduct-
ed on the rest. The causal relationship would be 
credible and stable if the result of the leave-one-
out analysis conformed to that of the global IVW 
analysis. 

Statistical Analysis
To determine MR analysis of rosiglitazone on 

CVDs and risk factors, we conducted the IVW 
(random effects) method, IVW (fixed effects) 
method, maximum likelihood method, penalized 
weighted median method, MR-Egger method, 
and WME method30. MR-PRESSO was used to 
test the pleiotropy of rosiglitazone on CVDs and 
risk factors, which detected significant abnormal-
ities in IVs in this study. If the result was p > 0.05, 
the difference was not statistically significant.

Results

IVs Selection and Validation
In total, we obtained four SNPs for the CVDs 

and risk factors (r2 < 0.1). These IVs achieved ge-
nome-wide significance (p < 5×10-8) in rosigli-
tazone datasets (Table I). Among the four SNPs 
in this study, we found no association with con-
founding factors (alcohol consumption, smoking, 
and obesity). The distribution range of the F series 
is from 11 to 54, indicating that the causal asso-
ciation was less likely to be affected by the bias 
of weak instrumental variables. Subsequently, in 
the MR study, we used the MR-Egger regression 
intercept term to estimate exposure factors and 
found no horizontal pleiotropy between SNPs and 
CVD and risk factors (Table II).

MR Analysis and MR Sensitivity Analysis
Table III shows the association of rosiglitazone 

with CVDs. We found no evidence for the genet-

ically predicted rosiglitazone on coronary heart 
disease (CHD) (IVW OR = 0.670, 95% CI: 0.3268-
1.3717, p = 0.273), unstable angina pectoris (IVW 
OR = 0.805, 95% CI: 0.4720-1.3739, p = 0.427), 
coronary atherosclerosis (IVW OR = 1.141, 95% 
CI: 0.4929-2.6434, p = 0.757), hypertrophic car-
diomyopathy (IVW OR = 0.975, 95% CI: 0.9130-
1.0417, p = 0.456), stroke (IVW OR = 1.128, 95% 
CI: 0.6415-1.9844, p = 0.675), myocardial infarc-
tion (IVW OR = 1.973, 95% CI: 0.3097-4.5736, p 
= 0.945), venous thromboembolism (IVW OR = 
0.803, 95% CI: 0.4908-1.3129, p = 0.381).

Table IV shows the association of rosiglitazone 
with risk factors. The results suggested that ge-
netically predicted rosiglitazone was not associat-
ed with HDL cholesterol (IVW OR = 0.519, 95% 
CI: 0.0040-67.0145, p = 0.792), LDL cholesterol 
(IVW OR = 0.055, 95% CI: 0.0011-2.6503, p = 
0.385), total cholesterol (IVW OR = 0.144, 95% 
CI: 0.0144-1.5842, p = 0.611), hypertension (IVW 
OR = 1.774, 95% CI: 0.5132-6.1331, p = 0.365), 
type 2 diabetes (IVW OR = 1.057, 95% CI: 0.7372-
1.5145, p = 0.764), fasting insulin (IVW OR = 
1.057, 95% CI: 0.7372-1.5145, p = 0.764), fasting 
glucose (IVW OR = 0.519, 95% CI: 0.1038-1.2975, 
p = 0.792). Some above associations were proved 
by MR-Egger, WME, IVW (fixed effects), maxi-
mum likelihood method, and penalized weighted 
median method.

Rosiglitazone on CVDs and risk factors had 
no heterogeneity (Tables III and IV). After 
MR-PRESSO and MR-Egger test, the pleiotropy 
test results of rosiglitazone on CVDs and risk fac-
tors-related data were all p > 0.05, indicating no 
significant outliers in the IVs of this study (Tables 
III and V). One-by-one elimination test of IVs 
showed that no single SNP had a significant im-
pact on the robustness of the results, so the results 
of the MR analysis of rosiglitazone on CVDs and 
risk factors were stable. Funnel plots and forest 
plots showed that SNPs are symmetrically dis-
tributed, indicating that causal associations are 
unlikely to be affected by potential biases (Sup-
plementary Figures).

Discussion

In the MR study, we found no significant caus-
al relationship between rosiglitazone and CVDs 
or risk factors.

T2DM is a kind of metabolic syndromes char-
acterized by elevated blood sugar. CVDs are one 
of the leading causes of death in diabetes patients. 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary_Figures.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary_Figures.pdf
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MR, Mendelian randomization; OR, odds ratio; IVW (RE), inverse variance weighted (random effects); IVW (FE), inverse 
variance weighted (fixed effects); CI, confidence interval.

Table III. Mendelian randomization estimates for the causal effect of rosiglitazone treatment on CVDs.

		          MR			     Heterogeneity	         Pleiotropy

Outcome Methods	 Beta	 OR	 95% CI	 p-value	 p-value	 Intercept	 p-value
	
Major coronary heart disease
	 MR-Eggar	 -1.128	 0.324	 (0.0249, 4.2006)	 0.479	 0.525		
	 weighted median 	 -0.357	 0.700	 (0.3103, 1.5779)	 0.389			 
	 IVW (RE)	 -0.401	 0.670	 (0.3268, 1.3717)	 0.273	 0.654	 0.002	 0.621
	 Maximum likelihood   	 -0.406	 0.666	 (0.3227, 1.3755)	 0.272		
	 Penalized weighted median  	-0.357	 0.700	 (0.3065, 1.5975)	 0.396			 
	 IVW (FE)  	 -0.401	 0.670	 (0.3268, 1.3717)	 0.273			 

Unstable angina pectoris							     
	 MR-Eggar	 -1.262	 0.283	 (0.0474, 1.6905)	 0.301	 0.250	 0.002	 0.355
	 Weighted median 	 -0.076	 0.927	 (0.5540, 1.5513)	 0.773			 
	 IVW (RE)	 -0.217	 0.805	 (0.4720, 1.3739)	 0.427	 0.191		
	 Maximum likelihood   	 -0.225	 0.799	 (0.5174, 1.2329)	 0.310			 
	 Penalized weighted       	 -0.076	 0.927	 (0.7987, 1.5874)	 0.782			 
	  median
	 IVW (FE)  	 -0.217	 0.805	 (0.5267, 1.2311)	 0.317			 

Coronary atherosclerosis
	 MR-Eggar	 1.254	 3.506	 (0.1743, 7.5087)	 0.499	 0.888	 -0.003	 0.525
	 weighted median 	 0.187	 1.205	 (0.4583, 3.1698)	 0.705			 
	 IVW (RE)	 0.132	 1.141	 (0.4929, 2.6434)	 0.757	 0.845	
	 Maximum likelihood   	 0.133	 1.142	 (0.4918, 2.1424)	 0.757		
	 Penalized weighted median	 0.187	 1.205	 (0.4520, 3.2136)	 0.709	
	  IVW (FE)  	 0.132	 1.141	 (0.4929, 2.6434)	 0.757		

Hypertrophic cardiomyopathy
	 MR-Eggar	 -0.175	 0.839	 (0.6632, 1.0621)	 0.282	 0.660	 0.0003	 0.323
	 weighted median 	 -0.038	 0.839	 (0.8883, 1.0437)	 0.358		
	 IVW(RE)	 -0.025	 0.975	 (0.9130, 1.0417)	 0.456	 0.470	
	 Maximum likelihood   	 -0.026	 0.975	 (0.9118, 1.0420)	 0.452		
	 Penalized weighted median  	-0.038	 0.963	 (0.8885, 1.0434)	 0.356			 
	 IVW (FE)  	 -0.025	 0.975	 (0.9130, 1.0417)	 0.456			 

Stroke
	 MR-Eggar	 0.996 	 2.707 	 (0.3599, 5.3686)	 0.435 	 0.950	 -0.002	 0.469
	 weighted median 	 0.124 	 1.132 	 (0.5811, 2.2046)	 0.716 			 
	 IVW (RE)	 0.121 	 1.128 	 (0.6415, 1.9844)	 0.675 	 0.829	
	 Maximum likelihood   	 0.121 	 1.129 	 (0.6405, 1.9906)	 0.674 		
	 Penalized weighted median  	0.124 	 1.132 	 (0.6138, 2.0871)	 0.692 			 
	 IVW (FE)  	 0.121 	 1.128 	 (0.6415, 1.9844)	 0.675 		

Myocardial infarction
	 MR-Eggar	 -1.427	 0.240	 (0.0412, 1.4424)	 0.829	 0.649	 0.022	 0.808
	 weighted median 	 1.495	 4.460	 (0.7717, 8.7714)	 0.898			 
	 IVW (RE)	 0.680	 1.973	 (0.3097, 4.5736)	 0.945	 0.816	
	 Maximum likelihood   	 0.685	 1.984	 (0.3116, 4.6371)	 9.854		
	 Penalized weighted median  	1.495	 4.460	 (0.7717, 8.7714)	 11.328			 
	 IVW (FE)  	 0.680	 1.973	 (0.3097, 4.5736)	 9.822			 

Venous thromboembolism
	 MR-Eggar	 0.808 	 2.244 	 (0.3868, 13.0234)	 0.463 	 0.615 	 -0.002	 0.355
	 weighted median 	 -0.138 	 0.871 	 (0.4766, 1.5930)	 0.655 		
	 IVW(RE)	 -0.220 	 0.803 	 (0.4908, 1.3129)	 0.381 		
	 Maximum likelihood   	 -0.224 	 0.800 	 (0.4859, 1.3156)	 0.379 		
	 Penalized weighted median  	-0.138 	 0.871 	 (0.4793, 1.5841)	 0.652 			 
	 VW (FE)  	 -0.220 	 0.803 	 (0.4908, 1.3129)	 0.381 			 
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Table IV. Mendelian randomization estimates for the causal effect of rosiglitazone treatment on risk factors.

		          MR			     Heterogeneity	         Pleiotropy

Outcome Methods	 Beta	 OR	 95% CI	 p-value	 p-value	 Intercept	 p-value
	
HDL cholesterol
	 MR-Eggar	 -2.848	 0.058	 (9.73E-09, 3.46E+5)	0.755	 0.382	 -0.013	 0.476
	 weighted median 	 0.309	 1.362	 (0.0048, 387.8615)	 0.915			 
	 IVW (RE)	 -0.656	 0.519	 (0.0040, 67.0145)	 0.792	 0.444		
	 simple mode 	 0.227	 1.255	 (0.0007, 67.0145)	 0.956			 
 	 Penalized weighted median   -1.515	 0.220	 (0.0031, 15.7688)	 0.487			 
	  IVW (FE)  	 -0.826	 0.438	 (0.0127, 15.0635)	 0.647			 

LDL cholesterol
	 MR-Eggar	 1.499	 4.477	 (0.4477, 8.9544)	 0.177	 0.369	 -0.041	 0.124
	 weighted median 	 -2.973	 0.051	 (0.0003, 9.9896)	 0.269			 
	 IVW (RE)	 -2.907	 0.055	 (0.0011, 2.6503)	 0.385	 0.035		
	 Maximum likelihood   	 -3.109	 0.045	 (0.0008, 2.5810)	 0.133			 
	 Penalized weighted median    -3.006	 0.049	 (0.0003, 7.4264)	 0.240			 
	  IVW (FE)  	 -2.907	 0.055	 (0.0011, 2.6503)	 0.142			 

Total cholesterol
	 MR-Eggar	 -2.015 	 0.133	 (0.0148, 1.4632)	 0.503 	 0.730 	 0.031 	 0.558
	 weighted median 	 -0.728 	 0.483 	 (0.0966, 2.4152)	 0.864 			 
	 IVW (RE)	 -1.936 	 0.144 	 (0.0144, 1.5842)	 0.611 	 0.774 		
	 Maximum likelihood   	 -1.952 	 0.142 	 (0.0142, 1.5627)	 0.610 			 
	 Penalized weighted median	 -0.728 	 0.483 	 (0.1208, 1.9325)	 0.870 			 
	  IVW (FE)  	 -1.936 	 0.144 	 (0.0144, 1.5842)	 0.611 			 

Hypertension
	 MR-Eggar	 -0.552	 0.576	 (0.1420, 2.304)	 0.847	 0.289	 0.003	 0.687
	 weighted median 	 0.416	 1.516	 (0.3427, 6.7050)	 0.584			 
	 IVW (RE)	 0.573	 1.774	 (0.5132, 6.1331)	 0.365	 0.431		
	 Maximum likelihood   	 0.586	 1.796	 (0.5107, 6.3170)	 0.361			 
	 Penalized weighted median	 0.416	 1.516	 (0.3481, 6.5999)	 0.579			 
	  IVW (FE)  	 0.573	 1.774	 (0.5132, 6.1331)	 0.365			 

Type 2 diabetes
	 MR-Eggar	 -0.352	 0.703	 (0.1944, 2.5448)	 0.645	 0.839	 0.001	 0.584
	 weighted median 	 0.071	 1.073	 (0.7068, 1.6297)	 0.740			 
	 IVW (RE)	 0.055	 1.057	 (0.7372, 1.5145)	 0.764	 0.857		
	 Maximum likelihood   	 0.055	 1.057	 (0.7366, 1.5168)	 0.764			 
	 Penalized weighted median	 0.071	 1.073	 (0.7158, 1.6092)	 0.732			 
	  IVW (FE)  	 0.055	 1.057	 (0.7372, 1.5145)	 0.764			 

Fasting insulin
	 MR-Eggar	 -0.054	 0.947	 (0.4735, 1.4205)	 0.996 	 0.839	 0.0003	 0.989
	 weighted median 	 -0.453	 0.635	 (0.2541, 1.5875)	 0.885 			 
	 IVW (RE)	 0.078	 1.081	 (0.5405, 1.6215)	 0.977 	 0.857		
	 Maximum likelihood   	 0.078	 1.081	 (0.5405, 1.6215)	 0.977 			 
	 Penalized weighted median 	 -0.453	 0.635	 (0.2541, 1.5875)	 0.883 			 
	  IVW (FE)  	 0.078	 1.081	 (0.5405, 1.6215)	 0.977 			 

Fasting glucose
	 MR-Eggar	 -2.848 	 0.058	 (0.0292, 1.1611)	 0.755 	 0.672	 0	 0.799
	 weighted median 	 0.309	 1.362 	 (0.2724, 2.7245)	 0.916 			 
	 IVW (RE)	 -0.656	 0.519 	 (0.1038, 1.2975)	 0.792 	 0.831		
	 Maximum likelihood   	 -0.659	 0.517	 (0.1034, 1.2925)	 0.791			 
	 Penalized weighted median    0.309	 1.362	 (0.2724, 2.7245)	 0.916 			 
	 IVW (FE)  	 -0.656	 0.519	 (0.1038, 1.2975)	 0.792 

MR, Mendelian randomization; OR, odds ratio; IVW (RE), inverse variance weighted (random effects); IVW (FE), inverse 
variance weighted (fixed effects); CI, confidence interval.
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T2DM is characterized by insulin resistance and 
impaired glucose tolerance31. Rosiglitazone is a 
thiazolidinedione drug, which can significantly en-
hance the sensitivity of target tissue to insulin. Ro-
siglitazone can protect pancreatic β-cell function 
and improve insulin resistance. It can be used alone 
or in combination with biguanides, sulfonylureas, 
or insulin. It is currently the most widely used insu-
lin sensitizer in the treatment of T2DM32. In recent 
years, clinical trials36,38 have shown that rosiglita-
zone has the strongest long-term ability to control 
blood glucose compared with glibenclamide and 
metformin in T2DM patients.

In addition, rosiglitazone also has the effect of 
improving cardiovascular disease risk factors. In 
vivo, rosiglitazone could reduce the infarct size 
of the rat model of ischemia/reperfusion (I/R) in-
jury and improve the myocardial contractile dys-
function induced by I/R33-35. In obese rat model, 
rosiglitazone could reduce systolic blood pres-
sure and improve systolic function; it could also 
reduce blood glucose, triglyceride, free fatty 
acid levels, and enhance myocardial glucose ox-
idation of ischemic myocardium36. Some in vitro 
studies37 found that rosiglitazone treatment en-
hanced the antioxidant stress capacity of rat car-
diomyocytes and played a protective role in the 
heart. In addition, a clinical study38 reported that 
rosiglitazone treatment could improve coronary 
atherosclerosis in diabetes patients by reducing 
the pulse wave speed. To sum up, rosiglitazone 
has potential cardiovascular protection, which 

can improve blood vessels, blood pressure, blood 
lipids and some common cardiovascular disease 
risk factors.

However, in recent years, more and more ev-
idence7,39 has shown that rosiglitazone has ad-
verse effects on the cardiovascular system. For 
example, in 2003, Lygate et al39 reported for the 
first time that rosiglitazone would not change the 
remodeling of rats after myocardial infarction 
but would increase the mortality. A meta-anal-
ysis7 showed that T2DM patients had a signifi-
cantly increased risk of myocardial infarction, 
heart failure, and cardiovascular mortality after 
rosiglitazone. At present, the research on the car-
diovascular safety of rosiglitazone remains con-
troversial. 

An in vitro experiment showed that the expres-
sion of the antioxidant enzyme heme oxygen-
ase-1 was up-regulated in rosiglitazone-treated 
rat cardiomyocytes, and rosiglitazone exerted its 
antioxidant stress effect to protect cardiac func-
tion37. On the contrary, when isolated vascular 
smooth muscle cells were treated with rosiglita-
zone, caspase-3 activity was increased through 
the extracellular signal-regulated kinase 1/2 
pathway, which led to apoptosis40. In vivo, intra-
venous administration of rosiglitazone signifi-
cantly improved left ventricular systolic func-
tion in I/R rats34,41. However, other studies39 have 
shown that after 8 weeks of oral administration 
of rosiglitazone in rats with non-diabetic myo-
cardial infarction, there is no significant change 

CVDs, cardiovascular disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NA, not available.

Table V. DMR-PRESSO estimates the causal effects of rosiglitazone treatment on CVDs and risk factors.

Outcomes	 Number			   MR-PRESSO
	 of  SNPs	 Effect	 MR p-value	 Global test p-value

CVDs						    
Major coronary heart disease 	 4	 -0.401	 0.233	 0.684
Unstable angina pectoris	 4	 -0.217	 0.485	 0.261
Coronary atherosclerosis	 4	 0.132	 0.596	 0.844
Hypertrophic cardiomyopathy	 4	 -0.025	 0.476	 0.529
Myocardial infarction 	 4	 0.680	 0.909	 0.827
Stroke	 4	 0.121	 0.497	 0.833
Venous thromboembolism	 4	 -0.220	 0.400	 0.526

Risk factors 
HDL cholesterol	 4	 -0.826	 0.661	 0.514
LDL cholesterol	 4	 -2.907	 0.449	 0.089
Hypertension	 4	 0.573	 0.414	 0.492
type 2 diabetes	 4	 0.055	 0.595	 0.840
Fasting insulin	 4	 0.078	 0.920	 0.983
Fasting glucose	 4	 -0.656	 0.659	 0.844
Total cholesterol	 4	 -1.936	 0.465	 0.777
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in myocardial infarction size and left ventricular 
hypertrophy, but this led to an increase in mor-
tality after Imax R injury. These results suggest 
that rosiglitazone has no protective effect on the 
heart. A clinical study38 on patients with T2DM 
showed that taking rosiglitazone for 12 weeks 
can not only alleviate insulin resistance but 
also reduce pulse velocity, thus preventing ar-
teriosclerosis. Similarly, a meta-analysis study42 
showed that patients treated with rosiglitazone 
for more than 12 months had a significantly in-
creased risk of myocardial infarction and heart 
failure. The controversy about the cardiovascu-
lar effect of rosiglitazone may be due to the fol-
lowing two reasons: (1) differences in results due 
to different species of drug metabolism, differ-
ent experimental models, different drug delivery 
methods, and different intervals of drug treat-
ment (2) differences in clinical characteristics of 
patients36.

The randomized controlled trial (RCT) is the 
most powerful method to prove the pathogenic 
hypothesis in epidemiological studies. However, 
the research design of RCT is complex and ex-
pensive. Therefore, it is difficult to implement. 
MR can skillfully make up for the shortcomings 
of traditional epidemiological studies that are 
susceptible to interference from confounding 
factors and reverse causality when inferring the 
causes of complex diseases, and provide a new 
idea for epidemiological studies43. Since the gen-
otype of offspring is randomly inherited from 
parents, it is a very reliable method to use SNP 
as a genetic variable tool to infer the causal rela-
tionship. In order to determine the cardiovascu-
lar benefits or risks of rosiglitazone, we analyzed 
the correlation between rosiglitazone and CVDs 
and risk factors through large-scale GWAS for 
the first time. The study finds that there is no 
causal relationship between rosiglitazone and 
CVDs and risk factors. Therefore, we should 
reconsider the potential use of rosiglitazone in 
preventing cardiovascular disease and further 
verify it in a randomized controlled trial.

Study Limitations
(1) Ethnic factors can affect the study at the gene 

level. In this study, GWAS data used are mainly 
from European populations, which to some extent 
undermines the universality of the study results to 
other populations. Follow-up studies are needed44. 
(2) The number of cases of some CVDs and risk 
factors is minimal, which leads to low estimation 
accuracy. (3) The four SNPs in this study may not 

be able to replace all exposure factors, which af-
fects the accuracy of MR analysis results.

Conclusions

Using MR analysis, we found that rosiglitazone 
is not causally associated with CVDs and risk fac-
tors. However, additional clinical and basic stud-
ies are needed to confirm our results further.
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