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Abstract
Background:Previous meta-analyses have explored the association between the C677T polymorphism ofmethyltetrahydrofolate
reductase (MTHFR) and chronic kidney disease (CKD) but there were no studies with a decisive conclusion. Furthermore, the high
heterogeneity among different populations is not yet interpreted.

Objectives: This study used trial sequential analysis (TSA) to evaluate whether the nowadays conclusion supported by current
cumulative samples. We also applied case-weighted meta-regression to explore the potential gene–environment interactions.

Methods: For the first stage of this study we conducted a case–control study involving 847 dialysis patients from 7 hemodialysis
centers in Taipei during 2015 to 2018 and 755 normal controls from a health center in the Tri-Service General Hospital. The second
stage combined the results from the first stage with previous studies. The previous studies were collected from PubMed, EMBASE,
and Web of Science databases before January 2018.

Results: From the case–control study, the T allele of MTHFR C677T appeared to have a protective effect on end-stage renal
disease compared with the C allele [odds ratio (OR): 0.80, 95% CI (confidence interval)=0.69–0.93]. However, the meta-analysis
contradicted the results in Asian (OR=1.12, 95% CI=0.96–1.30). The same analysis was also applied in Caucasian and presented
similar results from Asian (OR=1.18, 95% CI=0.98–1.42). The TSA showed our case–control study to be the decisive sample
leading to a null association among Asian population. The high heterogeneity (I2=75%) could explain the contradictory results
between the case–control study and the meta-analysis. However, further case-weighted meta-regression did not find any significant
interaction between measured factors and MTHFR C677T on CKD.
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Conclusions: High heterogeneities were found in both Caucasian and Asian, which caused the null relationship in meta-analysis
while there were significant effects in individual studies. Future studies should further explore the high heterogeneity that might be
hidden in unmeasured gene–environment interactions, to explain the diverse findings among different populations.

Abbreviations: BMI = body mass index, CIs = confidence intervals, CKD = chronic kidney disease, CVDs = cardiovascular
diseases, DN = diabetic nephropathy, eGFR = estimated glomerular filtration rate, eNOS = endothelial nitric oxide synthase, Hcy =
homocysteine, HWE = Hardy–Weinberg equilibrium, MDRD =modification of diet in renal disease, MTHFR =methyltetrahydrofolate
reductase, OR = odds ratio, RCTs = randomized control trials, THF = tetrahydrofolate, TSA = trial sequential analysis.

Keywords: case–control study, chronic kidney disease, gene polymorphism, gene–environment interaction, meta-analysis, meta-
regression, methylenetetrahydrofolate reductase, trial sequential analysis
1. Introduction

Chronic kidney disease (CKD) is an important issue in public
health. The prevalence of CKD is approximately 10% around
the world.[1–3] CKD patients are at higher risk of cardiovascular
diseases (CVDs) and all-cause mortality.[4] Genetic factors such
as ethnicity[5] and familial inheritance[6] play important roles in
CKD. The heritability of CKD is 20% to 80%, and individual
differences originate from genetic mutations.[7–10] Genome-wide
association studies have found that many polymorphisms cause
CKD.[11,12] Therefore, exploring CKD-related gene polymor-
phisms is important for reducing the burden of the disease.
Methyltetrahydrofolate reductase (MTHFR) is a key enzyme of

1-carbon cycle. It can convert inactive 5,10-methylenete
tetrahydrofolate (THF) to active 5-methyl THF, which assists
in converting cysteine to methionine. Homocysteine (Hcy),
produced during the conversion process, is pro-inflammatory and
causes vascular irritation, which increases the risk of atheroscle-
rotic damage. The most common polymorphism in MTHFR is
C677T (rs1801133). The C677T locates in exon 4 of MTHFR
and causes a change from alanine to valine. A previous study
found that this polymorphism changed the thermolabile of
MTHFR[13] and the concentration of homocysteine increased
significantly.[14]

Although previous studies have reported an association
between MTHFR C677T and CVD, a meta-analysis of
randomized control trials (RCTs) found that folate supplements
did not significantly decrease the risk of CVD.[15] Many previous
studies have researched the relationship between C677T and
CKD but the results are inconsistent due to differences in
ethnicity, lifestyle, and comorbidities among the study groups.[16–
22] Several meta-analyses have also explored the relationship
between MTHFR C677T and diabetic nephropathy (DN) since
2007.[23–31] However, no satisfactory consensus has been
reached. Therefore, we applied a trial sequential analysis
(TSA) proposed by Thorlund et al[32] to evaluate whether the
most recent conclusions were supported by the current cumula-
tive samples.
Although the meta-analysis had a higher sample size compared

with the traditional case–control study, the population heteroge-
neity may cause meaningless result. This was mostly due to
potential gene–environment interactions. Gene–environment
interactions had not yet been explored in conventional meta-
analyses owing to the difficulty in using summary data to analyze
interactions. For this study, we developed a revised version of
meta-regression, case-weighted meta-regression, which resolved
the problem.[33] This could be applied in the relationship between
MTHFR C677T and CKD to explore the heterogeneity.
2

The aim of this study was to evaluate whether the latest
conclusions are supported by the current cumulative samples
using trial sequential analysis (TSA).We also provided additional
case–control samples to enhance the current evidence. Moreover,
we applied case-weighted meta-regression to explore potential
gene–environment interactions.

2. Materials and methods

2.1. Case–control study
2.1.1. Ethical considerations. This study was approved by the
institutional review board (TSGH-1-104-05-006) of the Tri-
Service General Hospital (TSGH). Volunteers signed the consent
form after the investigators had provided an explanation of the
study.

2.1.2. Subjects. Subjects in the case group were hemodialysis
patients from 7 Taipei Dialysis Centers during 2015 to 2017. The
exclusion criteria were as following:
(1)
 dialysis period of<3 months,

(2)
 presence of cancers, and

(3)
 insufficient blood samples.

A total of 882 cases were included in the analysis.
Subjects in the control group were selected from volunteers

who participated in a physical exam at the Health Management
Centre at TSGH. The serum creatinine levels of volunteers were
tested, and the Modification of Diet in Renal Disease (MDRD)
formula[34] was used to calculate the estimated glomerular
filtration rate (eGFR). The exclusion criteria were shown as
following:
(1)
 eGFR<60ml/min/1.73 m2,

(2)
 presence of kidney-related diseases (such as positive protein-

uria),

(3)
 presence of cancers, and

(4)
 insufficient blood samples.

Finally, 755 subjects were included in the control group for the
analysis.
Demographic data including age, sex, diabetes, hypertension,

body mass index (BMI) and blood biochemical parameters
(blood urea nitrogen, creatinine, triglycerides, cholesterol, and
eGFR) were collected via questionnaire and medical records.

2.1.3. Genomic DNA extraction and genotyping. Medical
technologists or nurses collected 5 mL of intravenous blood
samples from each of the volunteers. Genomic DNA from
peripheral blood samples was isolated using standard procedures
for proteinase K (Invitrogen, Carlsbad, CA) digestion and the
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phenol/chloroform method.[35]MTHFR C677T was genotyped
by iPLEX Gold SNP genotyping.[36] Inter- and intra-replication
validation was used to assess the genotyping experiment quality.
Inter-replication validation was repeated for 78 samples (∼5%),
and the concordance rate was 100%.

2.1.4. Statistical analysis. Continuous variables of the general
demographic data were expressed as mean and standard
deviation using Student t test. The control group was tested
for representativeness using the Hardy–Weinberg equilibrium
(HWE) test.[37] Differences in genotype and allele frequencies
between hemodialysis patients and healthy controls were tested
using a x2 test or Fisher exact test. ORs and 95% confidence
intervals (CIs) for the risk of end-stage renal disease (ESRD) were
calculated using logistic regression. Calculation of genetic
polymorphism and ESRD risk was expressed using allele type,
genotype, and dominant/recessive models. A p-value of<0.05
was considered significant, and the Bonferroni correction was
used for multiple comparison correction. R 3.4.2 (R Project for
Statistical Computing, Vienna, Austria) was used for statistical
analyses.
2.2. Meta-analysis
2.2.1. Search methods and criteria for study consideration.
The PRISMA checklist andMeta-analysis on Genetic Association
Studies Checklist are described in Supplemental Digital Content
(S1 Table, http://links.lww.com/MD/E530).[38] Related terms of
“MTHFR C677T” and “chronic kidney disease” were used to
search the PubMed, EMBASE, and Web of Science databases for
articles published up to December 31, 2018 Supplemental Digital
Content (S2 Table, http://links.lww.com/MD/E531). The lan-
guage of the articles was limited to English. In addition, the
publications included in the meta-analysis studies were manually
examined to avoid the omission of important articles. The
inclusion criteria were as following:
(1)
 the study design was case–control or cross-sectional;

(2)
 CKD was defined according to the National Kidney

Foundation as kidney damage by clinical diagnosis or a
GFR<60mL/min/1.73 m2 (samples with lupus nephritis,
polycystic kidney disease, endemic nephropathy, and reflux
nephropathy were excluded);
(3)
 subjects in the control group had normal renal function;

(4)
 the article contained the detailed genetic distribution of the

MTHFR C667T; and

(5)
 the samples were aged >18 years.

When the proportion of diabetic subjects in the case group in
an article was 100%, the control group was selected from
diabetic patients.

2.2.2. Data extraction. Two reviewers (G-rC and CL) indepen-
dently extracted the literature data. The collected data included
the last name of the first author, year of publication, country, race
of the study population, male proportion, mean BMI, diabetes
prevalence, hypertension prevalence, smoking prevalence, and
gene distribution in the case and control groups.

2.2.3. Statistical analysis. The data of all included articles were
described using proportions or mean values where appropriate.
The meta-analysis used ORs with 95% CI to examine the
correlation between MTHFR C677T polymorphisms and CKD.
I2 calculated with the Cochrane Q test was used to assess
3

heterogeneity. I2>50% indicated moderate-to-high heterogene-
ity.[39] Egger regression and funnel plot were used to examine the
symmetry after combination. Genetic models including allele
type, and dominant and recessive models were used to calculate
MTHFR C677T polymorphisms and risk of CKD. The random
effects model was used to combine results.
Two methods were used to explore the moderator effects in

previous meta-analyses:
(1)
 dividing different studies into high- and low-risk groups
according to the distribution of moderators for subgroup
analysis; and
(2)
 applying meta-regression to analyze the correlation between
effect size and the distribution of moderators.

In the first method, it is difficult to determine the cutoff point
for the moderator, and this tends to increase the probability of
false positives.[40,41] Therefore, meta-regression is usually used
for moderator effect analysis. However, the matched studies
(such as gender- and age-matched studies) were the necessary
condition to use traditional meta-regression for analyzing
moderator effects. Lin et al[33] have developed a revised version
of meta-regression, known as case-weighted meta-regression, to
break this limitation. Under the 2 assumptions, rare disease and
independence between moderator and independent variable, the
odds ratio (OR) of exposure to the disease tended to be close to
the proportion of moderators in the case group. Therefore, it was
better to extract data from the case group during the meta-
analysis.
Considering the high heterogeneity of the combined results,

case-weighted meta-regression was applied to examine the source
of heterogeneity in this study. Possible environmental factors
(such as ethnicity, sex, BMI, and diabetes) were included, and
summary data from the case group were extracted to explore
gene–environment interactions. The significance level of this
study was set at 0.05. The “metafor"[42] and “meta”[43] packages
of R software version 3.4.2 were used. TSA was used to validate
whether the meta-analysis results obtained a decisive conclu-
sion.[32] OR was used as an effect measure, and the random
effects model was used to combine results. Zero event handling
was set at 1. The degree of freedomwas set at 2. TSAwas used for
stratification analysis based on race (Caucasian and Asian). Type
1 error was set at 0.05. Power was set at 0.8. Heterogeneity was
set at 80%. A review of past literature showed that the OR of
correlation between MTHFR C677T and CKD was around 1.2.
The 1000 Genome database was used as a reference for minor
allele frequency, which is 0.30 for Asians and 0.36 for
Caucasians.[44]
3. Results

3.1. Case–control study

Table 1 shows the distribution of general demographic variables
and blood biochemical parameters of the study population. A
total of 1637 subjects were enrolled in this study, including 755
subjects in the control group with a mean age of 73.86±7.16
years (312 males and 443 females) and 882 subjects in the case
group with a mean age of 71.23±13.22 years (461 males and
421 females). There were 607 non-diabetic ESRD patients in the
case group with a mean age of 75.13±12.02. The proportion of
males was lower in the control group than in the case group
(P< .001), and the mean age in the control group was higher than
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Table 1

Demographic characteristic and laboratory data of case group and control group.

ESRD (N=882)

Non-DN (n=607) DN (n=275) P value Control (N=755) P value

Male (%) 306 (50.33%) 155 (55.56%) 0.185 312 (40.05%) <.001
∗

Age (mean±SD) 71.23±13.22 75.13±12.02 <0.001
∗

73.86±7.16 .006
∗

Highest educational level received <0.001
∗

<.001
∗

Illiteracy or elementary school 186 (37.50%) 150 (54.15%) 54 (20.00%)
Junior high school 177 (35.69%) 78 (28.16%) 31 (11.48%)
Senior high school 117 (23.59%) 41 (14.80%) 111 (41.11%)
College or above 16 (3.23%) 8 (2.89%) 74 (27.41%)

Marriage status 0.227 <.001
∗

Single or unmarried 5 (1.06%) 8 (3.09%) 15 (5.56%)
Married 427 (90.85%) 230 (88.80%) 198 (73.33%)
Divorced 8 (1.70%) 6 (2.32%) 8 (2.96%)
Widowed 30 (6.38%) 15 (5.79%) 49 (18.15%)

Hypertension (%) 165 (33.13%) 28 (9.76%) <0.001
∗

113 (41.85%) <.001
∗

Diabetes (%) 28 (5.62%) 287 (100.00%) <0.001
∗

54 (20.00%) <.001
∗

WBC (x103 /mm3) 10.01±16.92 11.59±21.87 0.287 5.72±1.52 <.001
∗

RBC (x106 /mm3) 5.67±20.50 3.22±0.59 0.005
∗

4.56±0.44 .607
Creatinine (mg/dL) 9.30±2.28 9.23±2.69 0.688 0.82±0.15 <.001

∗

Albumin (g/dL) 3.79±0.89 3.55±0.54 <0.001
∗

4.28±0.23 <.001
∗

Blood glucose (mg/dL) 139.48±62.13 157.86±94.92 0.017
∗

100.98±21.26 <.001
∗

Triglyceride (mg/dL) 150.54±92.94 160.46±96.44 0.159 115.54±60.79 <.001
∗

BUN=blood urea nitrogen, DN=diabetic nephropathy, ESRD= end-stage renal disease, RBC= red blood cells counts, SD= standard deviation, WBC=white blood cells.
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that in the case group (P= .006). The case group showed a higher
proportion of diabetic patients, a higher proportion of
hypertensive patients, higher creatinine levels, higher fasting
blood glucose levels, and higher triglyceride levels than the
control group. In addition, the case group showed lower
cholesterol level. Table 2 shows the distribution differences in
MTHFR C677T genotype between the case and control groups.
The gene frequency of the control group followed the Hardy–
Weinberg equilibrium (P= .493). The distribution of the T allele
in the control and case groups was 30.5% and 25.9%,
respectively, and this difference was significant (P= .004).
In the allele model after adjusting for sex, age, history of

hypertension, and history of diabetes, the T allele of MTHFR
C677T was a significant protective factor for ESRD [OR: 0.760
Table 2

MTHFR C677T genotype distribution in case group and control grou

ESRD (N=882) Contr

Genotype
CC 494 (56.0%) 36
CT 320 (36.3%) 31
TT 68 (7.7%) 7

Allele model
C allele 1308 (74.1%) 105
T allele 456 (25.9%) 46

Dominant model
CC 494 (56.0%) 36
CT+TT 388 (44.0%) 38

Recessive model
CC+CT 814 (92.3%) 68
TT 68 (7.7%) 7

ESRD=end-stage renal disease, HWE=Hardy–Weinberg equilibrium.
HWE of control group was calculated.
∗
P< .05.
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(95% CI: 0.639–0.904)] (Table 3). Similar results were obtained
in the genotype and dominant models. To enhance the level of
evidence, the case–control data were included in the meta-
analysis, and TSA was applied to validate whether the most
recent conclusion is supported by the current cumulative samples.
3.2. Meta-analysis

The study identification process is shown in Fig. 1. In meta-
analysis, a total of 231 articles were found from PubMed,
EMBASE, and Web of Science. Moreover, 6 articles were
manually added from previous meta-analyses. Excluded were: 61
repeated articles, 37 non-case–control studies, 56 articles without
CKD, 11 articles focused on kidney transplantation patients,
p.

ol (N=755) P value HWE P value

.013
∗

.493
9 (48.9%)
2 (41.3%)
4 (9.8%)

.004
∗

0 (69.5%)
0 (30.5%)

.005
∗

9 (48.9%)
6 (51.1%)

.158
1 (90.2%)
4 (9.8%)



Table 3

Logistic regression for MTHFR C677T and ESRD using different analytic model.

ESRD (N=882) Control (N=755) Crude-OR (95% CI) P-value Adj-ORa (95%CI) P-value Adj-ORb (95%CI) P-value

Genotypes
CC 494 (56.0%) 369 (48.9%) 1 1 1
CT 320 (36.3%) 312 (41.3%) 0.766 (0.623 to 0.942) .011

∗
0.725 (0.572 to 0.919) .008

∗
0.743 (0.550 to 1.003) .052

TT 68 (7.7%) 74 (9.8%) 0.686 (0.481 to 0.980) .038
∗

0.616 (0.409 to 0.928) .02
∗

0.725 (0.427 to 1.230) .232
Allele model
C-allele 1308 (74.1%) 1050 (69.5%) 1 1 1
T-allele 456 (25.9%) 460 (30.5%) 0.803 (0.691 to 0.933) .004

∗
0.760 (0.639 to 0.904) .002

∗
0.804 (0.645 to 1.003) .053

Dominant model
CC 494 (56.0%) 369 (48.9%) 1 1 1
CT+TT 388 (44.0%) 386 (51.1%) 0.751 (0.618 to 0.913) .004

∗
0.704 (0.562 to 0.881) .002

∗
0.740 (0.557 to 0.983) .038

∗

Recessive model
CC+CT 814 (92.3%) 681 (90.2%) 1 1 1
TT 68 (7.7%) 74 (9.8%) 0.769 (0.545 to 1.085) .135 0.709 (0.477 to 1.053) .088 0.823 (0.493 to 1.374) .457

Chang et al. Medicine (2020) 99:29 www.md-journal.com
8 articles for hereditary kidney disease,[45–60] 5 articles that did
not provide complete genotype information,[22,61–64] 10 articles
without MTHFR C677T,[65–74] 1 familial study,[75] 2 articles on
minors,[76,77] 3 articles for auto-immune diseases,[78–80] 3 articles
covering non-Asian and non-Caucasians,[81–83] 1 article with an
incorrect definition of a control group,[84] 1 article using a
duplicated population,[18] and 6 non-English articles.[85–90]

Finally, 33 papers were included for meta-analysis. The study
by Nemr et al[91] included 2 populations, which resulted in 34
populations being added to the present study Supplemental
Digital Content (S3 Table, http://links.lww.com/MD/E532). The
allele model was used to combine 34 populations, and the results
Pubmed
n = 139

Embase
n = 30

Removed d

Articles assessed for eligibility
n = 176

Asian studies
n = 15[1-14]

White studie
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Figure 1. PRISMA flow chart of meta-analysis. Flow c
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showed significant differences [OR: 1.15 (95% CI: 1.02–1.30)]
and high heterogeneity (I2=82%). However, the stratified
analyses showed null associations in Asian [OR: 1.12 (95%
CI: 0.96–1.30)] and Caucasian [OR: 1.18 (95% CI: 0.98–1.42)],
respectively. No significant asymmetry was discovered between
the articles. The forest and funnel plots are shown in Fig. 2.

3.3. TSA evaluation

In the TSA evaluation, the cumulative sample size for Caucasians
exceeded the threshold value Supplemental Digital Content (S1
Fig, http://links.lww.com/MD/E529), showing that MTHFR
Web of Science
n = 62

Manual scanned
n = 6

uplicated records
n = 61

s
]

Records Excluded n = 144
1. Not case-control study n=37
2. Outcome not CKD n=56
3. Renal transplant n=11
4. Inherited renal disease n=2
5. Renal carcinoma n=6
6. No allele frequency n = 5
7. Not MTHFR C677T n = 10
8. Family study n = 1
9. Age<18 n = 2
10. Auto-immune disease n = 3
11. Other population n = 3
12. Control group include patients with renal 

malfunction n=1
13. Repeated study population n =1
14. Not English publications n = 6

hart of the identification process for eligible studies.
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Figure 2. Forest plot and funnel plot of association between MTHFR C677T and all-cause CKD in allele model. Forest plot of MTHFR C677T and all-cause CKD
stratified into different races (Allele model).

Chang et al. Medicine (2020) 99:29 Medicine
C677T and all-cause CKD are not significantly related (allele
model), and a decisive conclusion could be validated. Before
adding our case–control samples, the cumulative sample size for
the Asian population was 8021 (Fig. 3). After adding our case–
control samples, the cumulative sample size was 9658, and the Z
curve reached the futility area. This result shows that MTHFR
C677T and all-cause CKD are also not significantly related in
Asian, and a decisive conclusion could be confirmed. Thus, the
case–control samples in this study provided critical evidence for
establishing a decisive conclusion.

3.4. Gene–environment interactions

The high heterogeneity (I2=75%) in Asian could explain the
contradictory results between the case–control study and the
meta-analysis. The overall analysis had shown a significant
association, but stratified analyses showed a non-significant
association in both the Asian and the Caucasian sample groups.
Therefore, environmental moderators should be explored to
explain the heterogeneity. Table 4 summarizes the moderator
effects in the association between MTHFR C677T and CKD
(allele model). Case-weighted meta-regression was used to
analyze the race, sex, BMI, hypertension, DM, and smoke.
However, there was no significant gene-environmental interac-
tion between all measured factors and MTHFR C677T.
4. Discussion

In summary, this meta-analysis showed that MTHFR C677T is
not significantly correlated with all-cause CKD in Asian. TSA
results showed that the current cumulative samples were
sufficient to reach a decisive conclusion and our case–control
sample was the critical evidence. The meta-analysis also showed
thatMTHFR C677T is not significantly correlated with all-cause
6

CKD in Caucasian, and the TSA results showed that the
cumulative sample size was also sufficient to reach a decisive
conclusion. To the best of our knowledge, this study is the first
meta-analysis to explore the correlation betweenMTHFRC677T
and all-cause CKD using TSA.
Hcy is mainly metabolized by the liver and kidneys. Due to

poor renal function in CKD patients, they are unable to
metabolize Hcy, which consequently accumulates in high
concentrations.[92] Hcy and its derivatives activate platelets
and increase coagulation and oxidative stress. Therefore, they
cause vascular endothelial damage and smooth muscle cell
hyperplasia,[93–96] thereby increasing the risk of vascular and
organ damage. The risk of stroke, atherosclerosis, ischemic heart
disease, and death is higher in CKD patients than in the general
population,[97–99] and previous studies have speculated that Hcy
plays an important role in these diseases. Many observational
studies have found that the higher the Hcy level, the greater the
risk of CVD-related disease and mortality in CKD patients.[100]

However, RCTs have found that the use of folate supplements to
reduce Hcy concentration did not lower CVD risk.[101–103]

Moreover, MTHFR C677T has been shown to reduce MTHFR
activity and increase in vivo Hcy concentrations.[13] Additional
pathological and physiological studies are required to investigate
the relationship between renal function and MTHFR C677T.
The case–control study found T allele is a significant protective

factor for ESRD after adjusting for age, sex, comorbidities, and
other confounding factors. Although these results are consistent
with those reported by of Bloudickova et al,[104] other studies
have shown that T allele is not correlated[105–109] and is not a
significant risk factor.[110] In addition to differences in ethnicity
and region, different demographic characteristics may also result
in these contradictions. In our meta-analysis, after adding our
case–control samples to the Asian population, the TSA result
showed that MTHFR C677T was not significantly correlated



Figure 3. Trial sequential analysis of MTHFR C677T and all cause CKD among Asian population. TSA is a methodology that calculates sample size for meta-
analysis with correction of statistical significance. We performed a TSA under allele model assumption but replaced the allele count with the sample size (divided by
2). Bold line represents cumulative sample size of our case control study. Detailed settings: Significance level=0.05; Power=0.80; hypothetical proportion of T
allele in control=0.30; least extreme OR to be detected=1.2; I2 (heterogeneity)=80%.
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with CKD and the cumulative sample size reached the futility
area, indicating that a definite conclusion could be reached and
that the case–control sample was crucial. The high heterogeneity
(I2=75%) in the Asian sample could explain the contradictory
results between the case–control study and the meta-analysis.
The inconsistent result between proposed homocysteine

related mechanism and our non-significant result might be
explained by missing heritability issue. The term “missing
heritability”was first proposed byManolio in 2009.[111] Even we
had conducted the genome wide association study on a lot of
7

complex phenotype such as height, diabetes, and cholesterol, we
still only can find a small part of significant polymorphism and
just can explain a little part of each phenotype. This phenomenon
is still not solved now in complex phenotype. Chronic kidney
disease is clearly a complex disease, which might be affected by
multiple factors including ethnicity[112] and family history of
disease.[113] In the best of our knowledge, the genome wide
association study with large sample also only explained 2%
variance in chronic kidney disease.[12] Therefore, the non-
significant finding was common. The significant findings in

http://www.md-journal.com


Table 4

Moderator effects of allele type model [T vs C] (all-cause CKD).

n Unadjusted t2 Adjusted t2 OR 95% CI Egger test

Race (white is ref.) 34 0.091 0.099 1.05 (0.82, 1.35) 0.823
Study design (CS is ref.) 34 0.091 0.103 0.96 (0.57, 1.61) 0.831
CKD cause (DN is ref.) 34 0.091 0.086 0.90 (0.70, 1.14) 0.651
CKD status (ESRD is ref.) 32 0.098 0.072 1.25 (0.99, 1.59) 0.551
Quality score (per 1 score) 32 0.098 0.102 1.03 (0.91, 1.16) 0.990
Age (per 10 yr) 28 0.096 0.091 0.89 (0.77, 1.03) 0.392
Male (per 100%) 24 0.096 0.094 0.92 (0.81, 1.05) 0.631
BMI (per 5 kg/m2) 14 0.098 0.099 1.04 (0.83, 1.32) 0.792
DM (per 100%) 30 0.096 0.097 1.28 (0.83, 1.97) 0.384
Hypertension (per 100%) 17 0.100 0.095 1.26 (0.63, 2.50) 0.917
Smoke (per 100%) 4 0.012 0.005 0.57 (0.24, 1.32) 0.127

n=number of studies, unadjusted t2: heterogeneity before adjusted any moderators; adjusted t2: heterogeneity after adjusted moderators; 95% CI=95% confidence interval, OR=odds ratio, Egger test: P-
value of Egger’s regression test.
Age=mean age, BMI=mean body mass index, CS= cross-sectional study, DM=prevalence of diabetes mellitus, Hypertension=prevalence of hypertension, Male=probability of male, non-ESRD=not only
ESRD patients, Smoke=proportion of smoker, white=white people.
The number of publications is insufficient to perform Egger test.
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individual studies but non-significant results in larger study might
be due to the lack of control for population stratification bias.[114]

The high study heterogeneity of our meta-analysis might be due
to this issue, and we considered the studies using mixture
population was not suitable. We considered the future study
should be conducted by whole genome survey process and use the
related method for correcting this issue.
This meta-analysis did not detect significant interactions

between the measured environmental factors and MTHFR
C677T, suggesting that there may be further unmeasured factors
to be discovered. Additional studies exploring the effects of gene–
environment interactions on CKD are warranted. Ma et al[115]

proposed a significant interaction between MTHFR C677T and
smoking in people with type 2 diabetes or DN. Among those who
smoked, the risk of DN was higher in subjects with the T allele
(OR=1.6, P= .006). Another large-scale cross-sectional study in
Japan found no significant interaction between MTHFR C677T
and blood folate concentration on CKD.[116] Further stratified
analysis found that the risk of developing CKD was higher in
subjects with the TT genotype and low blood folate concentra-
tion (OR=2.07, 95% CI=1.30–3.31). Regarding drug–gene
interactions, many RCTs have showed significant interactions
betweenMTHFR C677T and folate supplements.[117] In subjects
with the TT genotype, the Hcy reduction effects of folate
supplements were significant, although a meta-analysis of large-
scale RCTs denied the presence of such interactions.[118]

In addition to gene–environment interactions, other studies
have explored the effects on the risk of CKD of gene–gene
interactions. Rahimi et al[119] found that polymorphism at
MTHFR C677T and another locus (A1298C) increased risks of
micro-albuminuria and macro-albuminuria (ORMicro=4.32,
95% CI=1.5–12.6; ORMacro=20.4, 95% CI=5.3–79). Jafari
et al[64] found significant interactions between endothelial nitric
oxide synthase (eNOS) G894T and MTHFR C677T in type 2
diabetes, and where both T allele existed, the risk of developing
macro-albuminuria was higher (ORMacro=38.5, 95% CI=4.7–
319). eNOS encodes nitric oxide synthase, which plays an
important role in regulating vascular endothelial function.
MTHFR C677T polymorphism increases Hcy concentration
and disrupts vascular endothelial cell function. Therefore, we
suggest further studies investigate the gene–gene interaction
between these 2 genetic factors and MTHFR C677T. However,
8

the 2 aforementioned articles had low sample sizes, and a larger
one may be required to validate these interactions.
Our study has the following strengths. To begin with, we

included 33 English articles regarding the correlation between
MTHFR C677T and CKD in PubMed, EMBASE, and Web of
Science (including this study) databases and included 19,734
subjects. In addition, TSA analysis found that a decisive
conclusion could be established and the samples in this study
were critical evidence. Secondly, due to limitations in summary
data for conventional meta-regression analysis, sex, age, and
other variables could not be used for interaction analysis. In this
study, case-weighted meta-regression was firstly applied for
interaction analysis, which not only solved the problem of
insufficient power in individual articles but also detected
potential interactions in meta-analysis. Thirdly, the Newcastle–
Ottawa Scale was used to perform a complete article quality
evaluation, and whether article quality affected the combined
results was investigated. Although there was no effect of this
factor on the combined results, this approach enhances the
reliability of this study. Finally, our meta-analysis could prevent
errors compared with previous studies. Our study excluded
articles with incomplete genotype information and used the allele
model to combine results. Egger regression was not significant for
Asians and Caucasians (P> .05). In previous meta-analyses, the
fixed effects model was used for combination if heterogeneity was
not significant (P ≥ .1) and the random effects model was used if
heterogeneity was significant (P< .1).[121–126] This study only
used the random effect model to combine results, and could avoid
the serious bias that can be caused when heterogeneity is used to
select a model.[127]

This study has 3 limitations. First, because individual data
could not be obtained in the meta-analysis, the possibility of
ecological fallacy cannot be excluded. Although this is a
limitation of the meta-analysis, many variables were included
in this study and the correlation between these variables was
explored. Therefore, the possibility that the study conclusion will
be affected by ecological fallacy is extremely low. Second, data on
the diet and folate intake status are limited. Therefore, the
potential effect of folic acid intake on the association between
MTHFRC677T and CKD could not be explored. Third, many of
the articles did not provide the complete distribution status of the
moderators (such as the mean age and male proportion of
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populations), which decreased the powers. We suggest future
case–control studies should provide detailed information on
these factors.

5. Conclusions

In conclusion, high heterogeneities were found in both Caucasian
and Asian, which produced a null relationship in meta-analysis
but significant effects in individual studies. However, after using
the case-weighted meta-regression, all the measured factors still
cannot explain the source of heterogeneity. Future studies should
further explore the high heterogeneity, which might be hidden in
unmeasured gene–environment interactions, to explain the
diversity findings among different populations. The gene–gene
interactions should also be considered such as eNOS G894T and
MTHFR A1298C. More specific stratified analysis based on
heterogeneity may help us to understand the real relationship
between MTHFR C677T and CKD.
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