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Objective: Numerous studies have explored the role of methylenetetrahydrofolate reductase

gene (MTHFR) C677T polymorphism and homocysteine (Hcy) concentration in obesity, but

the results are inconsistent. Hence, we performed a meta-analysis implementing Mendelian

randomization approach to test the assumption that the increased Hcy concentration is

plausibly related to the elevated risk of obesity.

Methods: Eligible studies were selected based on several inclusion and exclusion criteria.

Correlations between MTHFR C677T and obesity risk, MTHFR C677T and Hcy concentra-

tion in obesity, Hcy concentration, and obesity were estimated by ORs, effect size and

standard mean difference with their corresponding 95% CIs, respectively. Furthermore,

Mendelian randomization analysis was performed to estimate the relationship between Hcy

level and obesity.

Results: Consequently, this meta-analysis implemented with Mendelian randomization

approach was conducted among 8,622 cases and 29,695 controls. The results indicated that

MTHFR C677T is associated with an increased risk of obesity (for T vs C: OR=1.06, 95%

CI=1.02–1.10; for TT vs CC: OR=1.13, 95% CI=1.03–1.24). Moreover, in obese subjects,

the pooled Hcy concentration in individuals of TT genotype was 2.91 mmol/L (95% CI:

0.27–5.55) higher than that in individuals of CC genotype. Furthermore, the pooled Hcy

concentration in subjects with obesity was 0.74 mmol/L (95% CI: 0.36–1.12) higher than that

in controls. The evaluated plausible OR associated with obesity was 1.23 for 5 μmol/L Hcy

level increase.

Conclusions: Through this meta-analysis, we emphasize a strong relationship between Hcy

level and obesity by virtue of MTHFR C677T polymorphism.
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Introduction
Nowadays, many chronic diseases including cardiovascular diseases, hypertension

and diabetes mellitus are closely related to obesity and being overweight/obese

could strongly elevate the likelihood of these chronic diseases, which is becoming a

serious public health issue globally.1 Twin, family, and adoption studies indicated

that the rate of heritability of body mass index (BMI) is high, accounting for

40–70%,2 indicating that genetic factors have a pivotal role in the pathophysiology

of obesity. Thus, detecting genetic factors which caused overweight/obesity could
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be of great significance not only in comprehending the

developmental pathogenesis of this disease but also in

providing more effective intervention programs to reduce

the incidence of obesity.

Methylenetetrahydrofolate reductase (MTHFR) is a key

rate-limiting enzyme accounting for the conversion of

5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate,

which serves as a crucial enzymatic process in the remethy-

lation of homocysteine (Hcy) to methionine.3 For the

MTHFR C677T polymorphism, a single base pair C to T

substitution causes an alanine into valine change. As a result,

the homozygousMTHFR 677TT genotype expresses a heat-

sensitive enzyme with reduced activity, which leads to

reduced folate level and elevated plasma Hcy level.3,4

Previous epidemiological studies have indicated that Hcy

concentration and folate level were associated with an

enhanced risk of overweight/obesity.5–7 The mechanisms

with respect to these observations remain unclear.

Nevertheless, some researchers have speculated that

enhanced Hcy concentrations might influence the develop-

ment of obesity by means of controlling body fat storage in

the epigenetic regulation of gene expression because the Hcy

metabolism pathway is strongly related to methylation of

DNA and amino acid residues on histones.8–11 Moreover,

recent researches from genetic studies and animal experi-

ments could stand by this hypothesis.12–14

In recent years, there exist numerous studies exploring

the association between MTHFR C677T polymorphism

and obesity. However, it is difficult to draw a definitive

conclusion to date because of the controversial results.

Additionally, the associations of MTHFR C677T poly-

morphism, Hcy level and obesity are still equivocal. For

providing more evidence of the underlying association, we

carried out a meta-analysis of the published articles with

regard to the risk of obesity associated with an enhanced

Hcy concentration and the MTHFR C677T polymorphism

to obtain pooled estimates of these associations. Moreover,

a Mendelian randomization approach, which is acknowl-

edged as an epidemiological method based on the random

assignment of an individual’s genotype from his/her par-

ental genotypes, was performed to test the assumption that

enhanced Hcy concentration is plausibly associated with

the elevated risk of obesity.

Materials and methods
Selection of studies
Studies that evaluated the association between the MTHFR

gene 677 C > T polymorphism and Hcy level with the

development of obesity were included in this meta-analysis.

A detailed literature retrieval was conducted independently

by two investigators for publication from PubMed, Embase

andWeb of Science by using the following terms: “MTHFR”,

“rs1801133”, “MTHFR C677T”, “homocysteine”, “Hcy”,

“obesity” and “obese”, up to 21 September 2018.

The following criteria were used to select the eligible

studies: 1) case-control, cross-sectional or case-cohort

designed studies; 2) providing the distributions of the

MTHFR C677T genotypes in obesity and in controls free

of obesity, respectively. Reviews or letters, abstract and

editorials were excluded. The language was restricted to

English.

Data extraction
Data were carefully drawn by two independent investiga-

tors, and any disagreements were resolved after discussion

with a third investigator. Following information was

extracted from each study: 1) the surname of the first

author, the publication year, the country and ethnicity of

subjects; 2) number of cases, number of controls, the

diagnostic standard of cases and controls, genotype dis-

tribution in all groups. For articles including different

study populations, data were extracted, respectively.

Extracted data were analyzed by using the Stata, version

12.0 (StataCorp LP, College Station, TX, USA).

Statistical analysis
For controls in each study, the Chi-squared test was

employed to evaluate whether the Hardy–Weinberg equili-

brium (HWE) was violated. Sensitivity analysis by remov-

ing one study with controls not in HWE was performed to

assess the stability of the results.

Four genetic models including homozygous codomi-

nant model (TT vs CC), allelic model (T vs C), dominant

model (TT+TC vs CC) and recessive model (TT vs TC

+CC) are considered, and associations were represented as

ORs with their matching 95% CIs for each study. Based on

the individual ORs, a pooled OR was concluded. For each

of those four models, Metan command in Stata was per-

formed to evaluate the mean difference between MTHFR

677TT group and MTHFR 677CC group in obese subjects.

Hcy level was pooled to compute the standardized mean

difference with its corresponding 95% CI for comparing

the obese subjects with the healthy ones. Cochrane’s Q

test15,16 was carried out to test the between-study hetero-

geneity (significance at I2>50.0% and P<0.10). If there is

no heterogeneity, we fitted the fixed-effects model to the
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data; otherwise, we employed the random-effects model.17

For the meta-analysis of the association between MTHFR

C677T and obesity, subgroup analyses by ethnicity and age

range (defined age ≥18 as adults, <18 as children) were

also performed. We used Begg’s funnel plot and Egger’s

regression test (P<0.05 was considered statistically signif-

icant) to estimate publication bias.18

Mendelian randomization analysis integrates the infor-

mation of genotype-intermediate phenotype and genotype-

disease association into an analytical framework, which

can provide an unbiased estimate of the intermediate phe-

notype-disease association. For the genetic variant

MTHFR C677T to be a valid instrumental variable in

Mendelian randomization, three conditions are to be satis-

fied: 1) the MTHFR C677T has to be associated with Hcy

level robustly; 2) confounding factors, which could bias

the association of Hcy level and obesity, should not be

associated with the genotype in the MTHFR; 3) variant of

MTHFR 677C > T has an influence on the obesity only

through the specific intermediate Hcy level.19 MTHFR

C677T may meet all these conditions well based on the

available evidence.9,14,20,21 Therefore, Mendelian rando-

mization coefficient evaluated by utilizing MTHFR

C677T as an instrument should make a plausible reference

to Hcy level and obesity. Compared to MTHFR 677CC,

the genotype of MTHFR 677TT is associated with the

increased risk of obesity, and its effect is gauged by the

ORTT vs CC. Further, compared with CC, TT is associated

with the mean difference (Δ) of Hcy level. OR1=(ORTT vs

CC)
1/Δ would be an unconfounded estimate of the effect of

obesity due to one unit change on the Hcy level. In this

analysis, we adopted ORk=(ORTT vs CC)
k/Δ for an increase

of k units,22 and we thus analyzed 5 μmol/L increment in

Hcy level to assess the OR.23

Results
Characteristics of the studies
The detailed information of screening various studies in

the meta-analysis is described in Figure 1. The 20 studies

provided 8,622 cases and 29,695 controls,9,11,24–38 which

supplied the genotypes to estimate the association of

MTHFR C677T and obesity. In these studies, the frequen-

cies of the TT genotype were the lowest in cases and in

controls, while that for genotype CC was the highest.

Five studies only described the association between

MTHFR C677T and Hcy level in obese patients.39–42 In

two studies,9,31 the genotype distribution in the control

subjects was not in accordance with HWE (P<0.05)

(Table 1).

The mean Hcy concentration difference

between MTHFR genotypes in obese

patients
According to the inclusion criteria, nine studies (8

references, 420 obese patients)24,26,28,38–42 were

selected, and they reported the Hcy concentration in

different genotypic groups by means of the arithmetic

mean and the corresponding SD in obese patients. In

all these studies, none of them was not in HWE, and

the mean Hcy level was higher in MTHFR 677TT

subjects than that in the other genotypes. The pooled

mean Hcy level in MTHFR 677TT subjects was 2.91

μmol/L (95% CI: 0.27–5.55) higher than that in

MTHFR 677CC subjects (P=0.031) (Figure 2).

Meanwhile, the MTHFR 677TT subjects had 3.09

μmol/L (95% CI: (−0.23)-6.42) greater Hcy level than

MTHFR 677CT subjects (P=0.068) (Figure 3).

The association between MTHFR C677T

and the risk of obesity
No significant heterogeneity (I2=6.4%, P=0.377) among

19 studies was shown in the primary outcome for reveal-

ing the association of MTHFR 677TT with the risk of

obesity, compared to MTHFR 677CC. The fixed effect

(FE) pooled OR was significant: FE OR=1.13 (95% CI:

1.03–1.24) (P=0.007) (Figure 4). Above all, the T allele in

the MTHFR C677T conferred a higher risk of obesity (FE

OR=1.06 [95% CI: 1.02–1.10] [P=0.003], I2=21.8%,

P=0.185) (Figure 5). MTHFR 677TT revealed a signifi-

cantly greater risk for obesity compared with CC+CT

genotype (FE OR=1.12 [95% CI: 1.04–1.22] [P=0.003],

I2=0, P=0.558). MTHFR 677 TT+CT also revealed a sig-

nificantly greater risk for obesity compared with CC gen-

otype (FE OR=1.06 [95% CI: 1.00–1.12] [P=0.045],

I2=21.0%, P=0.194). Subgroup analysis by the ethnicity

demonstrated its correlations under recessive, homozygous

codominant, and allelic models in Asian (TT vs CC+CT:

OR=1.20, 95% CI=1.09–1.33, P<0.001; TT vs CC:

OR=1.24, 95% CI=1.09–1.41, P=0.001; T vs C:

OR=1.11, 95% CI=1.04–1.17, P=0.001). Moreover, sub-

group analysis by the age showed the associations under

recessive, homozygous codominant, and allelic models in

adults (TT vs CC+CT: OR=1.11, 95% CI=1.02–1.22,

P=0.022; TT vs CC: OR=1.12, 95% CI=1.01–1.24,
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P=0.036; T vs C: OR=1.05, 95% CI=1.01–1.10, P=0.023)

and under recessive and allelic genetic models in children

(TT vs CC+CT: OR=1.16, 95% CI=1.00–1.34, P=0.05; T

vs C: OR=1.09, 95% CI=1.00–1.19, P=0.047) with the

risk of developing obesity (Table 2).

The associations of plasma Hcy level with

obesity
The standard mean difference (SMD) of Hcy level

between the subjects with and without obesity indicated

the effect on obesity. A forest plot is displayed in

Figure 6. In this meta-analysis, there was significant

heterogeneity (I2=95.9%, P<0.001) among the included

studies. In 19 of these studies,7,9,24,28,38,43–56 the mean

Hcy level was higher in the obese group than that in the

control group (Figure 6). The pooled mean Hcy level in

the obese group was 0.74 μmol/L (95% CI: 0.36–1.12)

higher than that in the control group for the random-

effects model (P<0.001). The subgroup analysis by eth-

nicity was carried out, and all the corresponding results

from White, Asian, and others showed significant differ-

ences in Hcy concentration between obese subjects and

control ones. Moreover, both Begg’s and Egger’s tests

were performed to see whether there is potential pub-

lication bias. No evidence of substantial publication bias

was found for the Hcy–obesity association (data not

shown).

The plausible relationship between Hcy

level and obesity via Mendelian

randomization
By means of MTHFR C677T as an instrument variable for

Hcy level, the Hcy level per unit increment associated with

the predicted OR of obesity by indirect or direct measure-

ment is shown in Figure 7. The Hcy concentrations were

Records identified from electronic 
databases (n=378)

Additional records identified 
through other sources (n=12)

Records after duplicates removed (n=170)

Records screened (n=170)

Full-text articles assessed for 
eligibility (n=61)

Studies included in qualitative 
synthesis (n=20)

Studies included in meta-analysis 
(n=20)

Records excluded by reviewing 
the titles or abstracts (n=109)

Full-text articles excluded (n=41)
(1) Irrelevant topics (n=6)
(2) Not case control study (n=11)
(3) Other diseases (n=15)
(4) No genotype frequency data (n=9)

Figure 1 PRISMA flow diagram for selection of studies in the meta-analysis.
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positively associated with the risk of developing obesity.

The evaluated plausible OR was 1.23 (95% CI: 1.05–1.45)

for 5 μmol/L Hcy concentration increase.

Discussion
This study indicated that MTHFR 677T allele was signifi-

cantly associated with the increased plasma Hcy level.

Figure 2 Forest plot of the evaluation for the effect size (ES) in Hcy level between the MTHFR genotypes (TT vs CC) in obese patients.

Figure 3 Forest plot of the evaluation for the effect size (ES) in Hcy level between the MTHFR genotypes (TT vs CT) in obese patients.
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Figure 4 Forest plot of the MTHFR C677T associated with obesity risk (under homozygous codominant model: TT vs CC).

Abbreviations: BWHHS, british women’s heart and health study; ALSPAC, avon longitudinal study of parents and children women cohort study; CCHS, copenhagen city

heart study.

Figure 5 Forest plot of the MTHFR C677T associated with obesity risk (under allelic model: T vs C).

Abbreviations: BWHHS, british women’s heart and health study; ALSPAC, avon longitudinal study of parents and children women cohort study; CCHS, copenhagen city

heart study.
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Moreover, the mean Hcy level in obese patients was

higher than that in those without obesity. The findings by

means of Mendelian randomization method reinforced the

hypothesis that the increased Hcy concentration plausibly

influenced the elevated risk of obesity.

MTHFR C677T is a point mutation that changes

cysteine into thymine nucleotide, which results in the

substitution of alanine to valine in the MTHFR enzyme.57

Because of the reduced activity of the enzyme, the variant

in the MTHFR gene decreases the thermostability of the

enzyme, especially at 37°C or greater. Compared to the

normal nonmutated controls, the activity of MTHFR

enzyme in homozygous subjects is lower close to

50–60% at 37°C and 65% at 46°C.58,59 The deactivation

of this enzyme leads to the increased Hcy level in the

homozygous subjects. Thus, the Hcy concentration of

homozygous subjects is higher than those of heterozygous

mutated subjects, and the heterozygous subjects have

Table 2 Stratified analysis of associations of MTHFR C677T polymorphisms with obesity

Subgroup Dominant Recessive Homozygous Codominant Allelic Model

OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph

Overall 1.06 (1.00–1.12) 0.194 1.13 (1.04–1.22) 0.558 1.13 (1.03–1.24) 0.377 1.06 (1.02–1.10) 0.185

Ethnicity

Asian 1.09 (0.99–1.19) 0.282 1.20 (1.09–1.33) 0.954 1.24 (1.09–1.41) 0.872 1.11 (1.04–1.17) 0.509

White 1.04 (0.97–1.12) 0.111 1.02 (0.90–1.15) 0.283 1.03 (0.91–1.18) 0.152 1.03 (0.97–1.08) 0.117

Others 1.04 (0.55–1.98) 0.448 1.46 (0.65–3.28) 0.996 1.52 (0.59–3.92) 0.842 1.13 (0.74–1.74) 0.491

Age

Adults 1.05 (0.99–1.12) 0.605 1.11 (1.02–1.22) 0.45 1.12 (1.01–1.24) 0.511 1.05 (1.01–1.10) 0.616

Children 1.08 (0.95–1.23) 0.018 1.16 (1.00–1.34) 0.504 1.19 (0.98–1.43) 0.151 1.09 (1.00–1.19) 0.018

Abbreviations: MTHFR, methylenetetrahydrofolate reductase; OR, odds ratio; CI, confidence interval; Ph, P-value for heterogeneity test.

Figure 6 Forest plot of standardized mean difference (SMD) in Hcy levels between obese patients and control subjects in included studies.
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mildly elevated the Hcy concentration compared to the

nonmutated controls.59 The findings of our meta-analysis

supported the hypothesis that the MTHFR C677T was

strongly linked with the Hcy level in obese subjects. The

homozygous subjects have significantly greater Hcy con-

centration than that of the heterozygous subjects in obese

patients, as previously reported in the literature.26

Previous studies have reported inconsistent results with

regard to the altered Hcy concentrations in obese patients.

Recently, a research on 3,833 obese patients and 3,367

normal controls found that the level of Hcy in obese

patients was lower than that in normal controls.54

However, other studies indicated that the Hcy concentra-

tions were significantly greater in obese patients than that in

subjects without obesity.52,53,56 The present meta-analysis

mainly analyzed the weighted mean difference of Hcy

levels between obese cases and normal controls, which

suggested that the absolute pooled mean Hcy level in obe-

sity was significantly greater than that in controls. Due to

the heterogeneity of subjects encompassed in these studies

concerning the ethnicity of different regions and the coex-

istence of obesity-related disease,52–54,56 we applied a ran-

dom-effects model to reduce the heterogeneity. Hcy level

has a crucial influence on the process of regulating the

correlation between methylation of DNA and amino acid

residues on histones. This process has been recognized as

one of the epigenetic mechanisms that regulate the gene

expression.9–11,13,14 The improved Hcy concentrations

might affect the progress of developing obesity by means

of regulating gene expression in body fat accumulation.

Recently, research on genetics and animal experiments

seem to elucidate this hypothesis.12–14 Overall, the homo-

cysteine metabolism pathway might have a substantial role

in leading to obesity.

MTHFRC677Twas first identified as a significant variant

associated with obesity in a Thai population.46 Subsequently,

another study suggested that MTHFR 677T allele had an

elevated obesity risk with a 1.24-fold compared with

MTHFR 677C allele in Indian children.30 Although a large

number of studies have assessed the associations between

MTHFR C677T and overweight/obesity, the results are con-

troversial in different populations.9,11,25,26,28,30,33,46,60 Our

previous study attempted to investigate the relationship

between MTHFR C677T and obesity-related traits in a

Chinese children population. As a result, we demonstrated

that MTHFR 677T had an effect on elevating obese risk in

Chinese children.38 The reasons why contradicted results

exist in studies concerning MTHFR C677T and obesity are

still unclear, but a vital reason might be the racial hetero-

geneity in the included studies. The distribution frequency of

the 677TT genotype was greatest in the Italian and

Hispanic.61 However, the homozygous frequency was very

low for Blacks in Brazil and American.62–64 Furthermore, the

study design flaws, small sample size or other biases seem to

be more common factors for the discrepancies comprising in

different studies concerning genetic factors.65,66 On the basis

of case–control, cross-sectional or case–cohort designed stu-

dies, the overall results of the present meta-analysis sug-

gested that MTHFR C677T is associated with obesity and

MTHFRTT genotype has an influence on increasing the risk

of obesity. In addition, sensitivity analysis suggested that an

omission of studies that depart fromHWE did not change the

magnitude of the observed effect, indicating that the results

were generally reliable and robust.

To the best of our knowledge, this is the first meta-

analysis aggregating all the data available for evaluating

the association between MTHFR-linked Hcy level and

obesity. Thus, it has provided the most substantial data

MTHFR

TT vs CC

Homocysteine Obesity
OR 

OR = ORMTHFR 1/

∆ = Hcytt - 
Hcycc ORMTHFR

∆

∆

Figure 7 Forest plot of standardized mean difference (SMD) in Hcy levels between obese patients and control subjects in included studies.
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on this issue. However, several limitations should be

addressed. First, findings from this meta-analysis pooled

individual unadjusted results, while potential confounders

including age and gender should be taken into account for

a more accurate estimate. Second, Hcy measurement via

different HPLC and immunoassay approaches showed dis-

crepancies among different laboratories,67 and they may

differ in their sensitivity and cutoff values. Therefore,

different methods of Hcy measurement seem to result in

variation among studies, and this cannot be ignored as an

obvious flaw. Third, the genotyping of this SNP was

performed by different analytic methods, which could

influence the results. Note that both studies,9,31 where the

genotype distribution in the control groups was not in

accordance with HWE employed the same genotyping

method. However, by removing the two studies that depart

from HWE, we confirmed the result did not change a lot.

Finally, only English articles were included, which might

ignore the publication bias, although both Begg’s and

Egger’s tests showed no evidence for the existence of

substantial publication bias concerning the small effect

size.

In conclusion, our results provided sufficient evidence

that the TT genotype in MTHFR C677T plausibly leads to

the susceptibility of obesity. Through Mendelian randomi-

zation, the findings supported the assumption that increased

Hcy concentration is strongly linked to elevated risk of

obesity. To some degree, the presence of gene–environment

interactions may contribute to the discordance of results

encompassed in the genetic association studies. Therefore,

future prospective studies that explore the gene–environ-

ment interaction with larger sample size are expected to

help further illuminate the genetics of obesity.
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