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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is one of  the 
major causes of  liver disease.[1] The spectrum of  NAFLD 

encompasses two subtypes: nonalcoholic fatty liver (NAFL) 
and nonalcoholic steatohepatitis  (NASH).[2] In the later 
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stages, NAFLD can progress to fibrosis, cirrhosis, and 
hepatocellular carcinoma  (HCC).[3] However, the exact 
mechanism of  its development has not been elucidated. 
Many pathogenetic factors, including genetic factors, 
environmental factors, and metabolic factors, have been 
found to be associated with NAFLD.[4] The risk of  NAFLD 
development and its related complications vary among 
individuals.[5] The development of  genome‑wide association 
studies (GWASs) and high‑throughput technologies have 
allowed for the in‑depth research of  the genetic factors of  
NAFLD.[4] Single nucleotide polymorphisms (SNPs) may 
be used as genetic biomarkers to screen individuals with 
genetic predisposition to NAFLD.[4] At present, TM6SF2 
rs58542926[6] and PNPLA3 rs738409[7] are the widely 
studied genetic risk variants in NAFLD. These findings 
can help in developing remedies in the future.[5]

The microsomal triglyceride transfer protein (MTTP) gene 
is a key protein for lipid excretion from the liver[8] and one 
of  the potential candidate genes found to be associated 
with NAFLD susceptibility. MTTP plays an important 
role in the assembly and secretion of  very low‑density 
lipoprotein  (VLDL) in hepatocytes.[9] More precisely, 
MTTP catalyzes the transfer of  triglycerides to nascent 
apolipoproteins B (ApoB) in the early stage of  lipoprotein 
assembly. VLDL is produced to remove triglycerides from 
hepatocytes.[8,10] Abetalipoproteinemia  (ABL) is a rare 
recessive monogenic disease, which is characterized by 
the lack of  Apo B‑containing lipoproteins in plasma and 
hepatic steatosis due to the inhibition of  its transcriptional 
activity through mutations in the coding region of  
MTTP.[11,12]

Many studies have explored the association between 
the  ‑493 G/T  (rs1800591) and Ile128Thr  (rs3816873) 
polymorphisms of  MTTP genes and NAFLD. However, 
the effect of  these polymorphisms on NAFLD remains 
uncertain due to the inconsistent results of  different 
studies. A  Japanese study on rs1800591 polymorphism 
revealed that the incidence of  the G allele and G/G 
genotype was high in NASH patients. Furthermore, 
patients with the G/G genotype had an advanced stage of  
NASH, when compared to those with the G/T genotype.[13] 
Another study conducted in Iran revealed a significant 
difference in rs3816873 polymorphism between NAFLD 
and the control group, and patients with the CT genotype 
had increased susceptibility for NAFLD.[14] However, a 
case‑control study that involved an Italian population 
reveals that there was no significant association between 
the rs1800591 polymorphism and NAFLD, its clinical, or 
histological characteristics.[15] Similarly, a Chinese study 
failed to demonstrate any significant association between 

the rs3816873 polymorphism and NAFLD.[16] Therefore, 
a meta‑analysis that included all eligible studies was 
conducted to comprehensively determine the relationship 
between MTTP gene polymorphism and NAFLD.

MATERIALS AND METHODS

Retrieval strategy
Two authors independently retrieved relevant studies 
from PubMed, Embase, and Cochrane Library databases 
published before February 18, 2020. Any divergences 
were resolved by discussion. The keywords used were 
as follows:  (“Non‑alcoholic Fatty Liver Disease” or 
“Non alcoholic Fatty Liver Disease or NAFLD” or 
“Nonalcoholic Fatty Liver Disease” or “Fatty Liver, 
Nonalcoholic” or “Fatty Livers, Nonalcoholic” or “Liver, 
Nonalcoholic Fatty” or “Livers, Nonalcoholic Fatty” or 
“Nonalcoholic Fatty Liver” or “Nonalcoholic Fatty Livers” 
or “Nonalcoholic Steatohepatitis” or “Nonalcoholic 
Steatohepatitides” or “Steatohepatitides, Nonalcoholic” 
or “Steatohepatitis, Nonalcoholic”) AND  (“microsomal 
triglyceride transfer protein” or “Microsomal triacylglycerol 
transfer protein” or “MTTP” or “MTP”). In addition, the 
cited references in the selected articles were also manually 
searched to obtain more relevant studies.

Selection criteria
The criteria to include studies for the present analysis were as 
follows: (1) case‑control studies that involved adult human 
subjects (≥18 years old), and were designed to assess the 
relationship between MTTP gene rs1800591 and rs3816873 
polymorphisms and the susceptibility to NAFLD; (2) the 
criteria for the diagnosis of  NAFLD were clearly defined; 
(3) sufficient data were available to calculate the odds 
ratio (OR) and 95% confidence interval (CI); and (4) studies 
published in the English language. Studies were excluded 
based on the following: (1) the absence of  a healthy control 
study group; (2) duplication of  data; and (3) reviews, letters, 
conference abstracts, and conference papers.

Data extraction and quality assessment of the included 
studies
Two researchers independently extracted the data and 
assessed the quality of  the studies based on the specified 
selection criteria, in order to validate the precision of  
the extracted data. Discrepancies were settled through 
discussion. The extracted data included the following: the 
first author of  the study, year of  publication, ethnicity of  
the participants, disease types, the number of  subjects in 
the case and control group, the number of  each genotype, 
source of  control, Hardy–Weinberg equilibrium (HWE) 
data, genotype detection methods, and the characteristics 
of  participants.



Figure 1: Flow diagram of the eligible study selection process
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The quality of  studies was assessed using the 
Newcastle‑Ottawa Scale  (NOS),[17] which has three 
aspects: selection of  study groups (four items, 0–4 stars); 
comparability of  the groups  (one item, 0–2 stars); and 
ascertain of  exposure or outcome (three items, 0–3 stars). 
According to the evaluation items, the total NOS score 
ranged from 0 to 9. The higher the score, the better the 
quality. A research with a score of  6 or more was considered 
to be of  high methodological quality.

Statistical analysis
OR and 95% CI were used to measure the association 
between the rs1800591 and rs3816873 polymorphisms of  
the MTTP gene and NAFLD. The statistical significance of  
the pooled ORs was determined by Z‑test. The heterogeneity 
of  the studies was measured using the Cochran’s Q and 
I2 index. Studies with a P  value of  <0.05 and I2>  50% 
were considered to have significant heterogeneity, and 
the fixed‑effect model (FEM) was chosen for the analysis. 
Otherwise, the random‑effect model (REM) was used. In 
order to determine the source of  serious heterogeneity, 
subgroup analyses were implemented. In addition, in order 
to assess the impact of  each study on the overall results 
and prevent the existence of  separate studies leading to 
the reversal of  the pooled results, a sensitivity analysis 
was performed. Furthermore, Funnel plots, Begg’s rank 
correlation test and Egger’s linear regression test were 
used to detect publication bias in the existing studies. 
A P value of <0.05 was considered statistically significant. 
All statistical analyses were performed using the STATA 
12.0 (STATA Corp, College Station, TX, USA).

RESULTS

Study selection
A total of  428 studies were retrieved during the literature 
search from the PubMed (n = 128), Embase (n = 298), and 
Cochrane Library (n = 2) databases. After the elimination 
of  105 duplicate publications, 370 additional publications 
were removed by screening the title and abstract. Among 
these, 148 articles were reviews, letters, conference abstracts, 
meta‑analysis, editorials, conference papers, short surveys, and 
notes, while 117 articles focused on animal or in vitro studies. 
Subsequently, the full texts of  58 studies were read, and 48 
studies were further excluded due to the following reasons: 
other genes or other SNPs of  MTTP were studied (n = 10), 
the study was not relevant to the gene (n = 18), other liver 
diseases were involved  (n  =  16), and the study had no 
available data or involved children (n = 4). Finally, 10 studies 
were retained for the present meta‑analysis.[13‑16,18‑23] The 
flowchart for the literature search and selection process is 
illustrated in Figure 1.

Characteristics of the included studies
A total of  1388  cases and 1690 healthy controls were 
included in the present meta‑analysis. Among these 10 
studies, four studies were conducted in Europe,[15,18,20,21] 
four studies were conducted in Asia,[13,14,16,23] one study 
was conducted in Africa,[19] and one study was conducted 
in South America.[22] In addition, all patients in these 
four studies underwent liver biopsy,[13,18,20,22] while in the 
remaining six studies, patients were partially biopsied 
or not biopsied.[14‑16,19,21,23] In three studies, the control 
groups were hospital‑based,[16,19,23] while in seven studies, 
the control groups were population‑based.[13‑15,18,20‑22] 
For the detection of  gene polymorphism, six studies 
used the polymerase chain reaction‑restriction fragment 
length polymorphism  (PCR‑RFLP) method,[13,15,18‑21] 
while the remaining four studies used other detection 
methods.[14,16,22,23] Except for one of  these studies,[14] the 
genotype distribution obeyed the HWE. The NOS score 
of  eligible studies ranged within 5–9. The characteristics 
of  each of  the included studies are listed in Table 1.

The rs1800591 in the MTTP gene and NAFLD
The present analysis revealed that there was substantial 
heterogeneity  (I2  >  50%, P (heterogeneity) <0.05) in the 
estimated effect sizes of  each model. Hence, the 
random effect model was applied. Although the 
frequencies of  the G allele in the control group (78.2%) 
and case group  (74.3%) were different, there was no 
significant correlation between the G allele and NAFLD 
susceptibility (G vs. T: OR = 1.08, 95% CI = 0.68–1.70, 
P  =  0.76; Figure  2a). In addition, the analyses of  
various models did not have any significant correlation 
between the MTTP gene rs1800591 polymorphism 
and NAFLD  (heterozygous  [GT vs. TT: OR  =  1.38, 
95% CI  =  0.58–3.26; P  =  0.46], homozygous  [GG 
vs. TT: OR  =  1.34, 95% CI  =  0.45–3.95; P  =  0.60], 
dominant [GT + GG vs. TT: OR = 1.37, 95% CI = 0.53–
3.55; P  =  0.51], and recessive  (GG vs. GT  +  TT: 
OR = 0.98, 95% CI = 0.64–1.49; P = 0.91) [Table 2].
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Subgroup analyses were performed based on the ethnicity. 
There was no heterogeneity in Asian studies (heterozygous: 
GT vs. TT: OR = 2.09, 95% CI = 0.91–4.81, P = 0.082, 
I2 = 0%, P (heterogeneity) = 0.444; dominant: GT + GG vs. TT: 
OR = 2.77, 95% CI = 0.42–18.08, P = 0.288, I2 = 49%, 
P (heterogeneity) = 0.161) and European studies (heterozygous: 

GT vs. TT: OR = 1.17, 95% CI = 0.60–2.28, P = 0.639, 
I2  =  0%, P(heterogeneity) = 0.576; homozygous: GG vs. TT: 
OR = 1.22, 95% CI = 0.53–2.81, P = 0.633, I2 = 28.6%, 
P(heterogeneity) = 0.246; dominant: GT + GG vs. TT: OR = 1.17, 
95% CI = 0.60–2.28, P = 0.635, I2 = 8.1%, P(heterogeneity) = 
0.337; recessive: GG vs. GT  +  TT: OR  =  1.04, 95% 
CI = 0.72–1.51, P = 0.841, I2 = 0%, P(heterogeneity) = 0.394).

Interestingly, when patients with NASH were analyzed 
alone, a significant association between the G allele of  
rs1800591 and NASH patients (heterozygous: GT vs. TT: 
OR = 3.16, 95% CI = 1.13–8.83, P = 0.028, Figure 3a; 
dominant: GT + GG vs. TT: OR = 3.03, 95% CI = 1.13–
8.09, P = 0.027, Figure 3b) was detected [Table 2].

Through the sensitivity analysis, a significant change was 
found in the results after one study[19] was eliminated 
from the heterozygous model  (GT vs. TT: OR  =  1.71, 
95% CI  =  1.06–2.77). The visual observation of  the 
symmetry of  the funnel plot could not accurately determine 
the publication bias. Hence, this was further tested by 
Begg’s rank correlation test [Figure 4a] and Egger’s linear 
regression test [Figure 4b and Table 3].

In brief, the meta‑analysis indicated that the MTTP gene 
rs1800591 polymorphism and NAFLD are not correlated, 
but the G allele of  the rs1800591 polymorphism was more 
likely to be associated with NASH susceptibility.

The rs3816873 in the MTTP gene and NAFLD
A total of  three studies were included in this SNP site for 
analysis. The fixed effect model (homozygous: CC vs. TT: 
I2 = 0%, P = 0.417; recessive: CC vs. CT + TT: I2 = 0%, 
P  =  0.839) and random effect model  (allelic: C  vs. T: 
I2 = 50.5%, P = 0.133; heterozygous: CT vs. TT: I2 = 69.3%, 

Table 1: Main characteristics of the studies included in the meta-analysis
Authors Year Site Ethnicity Disease NAFLD 

diagnosis
Source 
of 
Control

Gender (M/F) Genotyping 
Method

Sample size 
(Case/Control)

HWE 
(P)

NOS
Case Control

Namikawa et al.[13] 2004 rs1800591 Asia NASH LB PB 33/30 83/67 PCR - RFLP 63/150 >0.05 7
Gambino et al.[18] 2007 rs1800591 Europe NASH LB PB 24/5 23/4 PCR - RFLP 29/27 >0.05 9
Musso et al.[21] 2007 rs1800591 Europe NAFLD LB; US PB 50/14 60/14 PCR - RFLP 64/74 >0.05 6
Carulli et al.[15] 2009 rs1800591 Europe NAFLD LB; US PB 74/40 28/51 PCR - RFLP 114/79 >0.05 8
Oliveir et al.[22] 2010 rs1800591 South 

America
SS
NASH

LB PB NA NA DNA
sequencing

129/113 >0.05 5

Gouda et al.[19] 2017 rs1800591 Africa NAFLD US HB 60/114 81/60 PCR - RFLP 174/141 >0.05 6
Musso et al.[20] 2010 rs1800591 Europe NASH LB PB 27/13 28/12 PCR - RFLP 40/40 - 8
Peng et al.[16] 2014 rs1800591 

rs3816873
Asia NAFLD US HB 420/160 420/160 MALDI - TOF 

MS
580/580 >0.05 6

Jun et al.[23] 2009 rs3816873 Asia NAFLD US HB NA NA TaqMan 
PCR

113/393 >0.05 6

Hashemi et al.[14] 2011 rs3816873 Asia NAFLD US PB 50/33 42/51 ARMS - PCR 83/93 <0.05 7

SS = Simple steatosis, LB = Liver biopsy, US = Liver ultrasonographic, PB = Population-based, HB = Hospital-based, NA = Not available, PCR-
RFLP = Polymerase chain reaction-restriction fragment length polymorphism, ARMS-PCR = Amplification refractory mutation system-polymerase 
chain reaction, MALDI-TOF MS = Allele-specific MALDI-TOF mass spectrometry assay, HWE = HardyWeinberg equilibrium

Figure 2: Forest plots for the association between MTTP rs1800591 
and rs3816873 polymorphisms and susceptibility to NAFLD. (a) Allelic 
model  (rs1800591 polymorphism): G  vs. T.  (b) Heterozygous 
model (rs3816873 polymorphism): CT vs. TT

b

a
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P  =  0.038; dominant: CT  +  CC vs. TT: I2  =  71.2%, 
P = 0.031) were utilized to merge the results. After the 
analysis, it was found that the rs3816873 polymorphism 
and NAFLD had no association (allelic [C vs. T: OR = 1.08, 
95% CI = 0.81–1.45, P = 0.602]; heterozygous [CT vs. TT: 
OR = 1.29, 95% CI = 0.79–2.09, P = 0.038, Figure 2b); 
homozygous [CC vs. TT: OR = 0.79, 95% CI = 0.43–1.47, 
P = 0.462); dominant (CT + CC vs. TT: OR = 1.23, 95% 
CI = 0.76–2.01, P = 0.398); recessive (CC vs. CT + TT: 
OR = 0.69, 95% CI = 0.37–1.27, P = 0.233]).

After removing the study which did not obey the HWE,[14] 
the heterogeneity decreased (allelic: C vs. T: I2 = 46.8%, 
P (heterogeneity) = 0.17; heterozygous: CT vs. TT: I2 = 47.8%, 
P  (heterogeneity) = 0.166; homozygous: CC vs. TT: I2 = 0%, 
P (heterogeneity) = 0.712; recessive: CC vs. CT + TT: I2 = 0%, 
P  (heterogeneity) = 0.799). The sensitivity analysis did not 
reveal any change in the original results. In addition, the 
funnel plot was symmetrical, and no publication bias was 
found on the analysis performed using the Begg’s rank 

correlation test [Figure 4c] and Egger’s linear regression 
test [Figure 4d].

DISCUSSION

The MTTP gene plays an important role in lipid metabolism. 
Its participation in the assembly of  VLDL is the most 
important step for the liver to secrete triglycerides.[15] 
Therefore, the decrease or absence in activity of  MTTP 
would result in the less secretion of  triglycerides from the 
hepatocytes, thereby allowing the accumulation of  lipids in 
the liver.[24] The resulting lipid export damage would render 
patients to be more prone to hepatic steatosis,[13] which is 
also correlated to the first hit phenomenon observed in 
the pathogenesis of  NASH.[25]

MTTP gene rs1800591 polymorphism affects its 
transcriptional activity in HepG2 cells in  vitro. Studies 
have shown that the transcriptional activity of  the 
promoter structure containing the  ‑493T site is almost 
twice of  that of  the  ‑493G site.[26] However, the results 
of  studies that analyzed the relationship between the 
MTTP gene rs1800591 polymorphism and NAFLD have 
been conflicting.[13,16] In a meta‑analysis by Zheng et  al. 
published in 2014, the authors reported that the rs1800591 
polymorphism of  MTTP was associated with an increased 
risk of  NAFLD.[27] However, in the present meta‑analysis, 
according to stricter selection criteria, after incorporating 
two newly published articles,[16,19] and excluding four 
studies on hepatitis C[28‑31] and one pediatric study,[32] no 
correlation was found between NAFLD and the MTTP 

Table 2: The correlation between MTTP rs1800591 
polymorphism with NAFLD and NASH under five genetic 
models
Genetic model NAFLD NASH

G vs. T OR (95% CI) 1.08 (0.681.70) 1.88 (0.774.55)
P 0.76 0.164
I-squared (%) 87.7 81.4
PH

0.000 0.005
GT vs. TT OR (95% CI) 1.38 (0.583.26) 3.16 (1.13-8.83)

P 0.46 0.028
I-squared (%) 74.8 0
PH

0.001 0.892
GG vs. TT OR (95% CI) 1.34 (0.453.95) 3.24 (0.9810.68)

P 0.60 0.053
I-squared (%) 84.5 17.2
PH

0.000 0.299
GT+GG vs. TT OR (95% CI) 1.37 (0.533.55) 3.03 (1.138.09)

P 0.51 0.027
I-squared (%) 81.5 0
PH

0.000 0.499
GG vs. GT+TT OR (95% CI) 0.98 (0.641.49) 1.48 (0.69 3.18)

P 0.91 0.319
I-squared (%) 76.8 73.3
PH

0.000 0.010

P: P-value of Z-test for statistical significance, PH: P-value of Q-test for 
heterogeneity test

Figure 3: Forest plots for the association between MTTP rs1800591 
polymorphism and NASH risk under the (a) heterozygous model (GT 
vs. TT) and (b) dominant model (GT + GG vs. TT)

b

a
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gene rs1800591 polymorphism in five gene models. 
However, considering  that NAFLD patients have milder 
symptoms compared with NASH patients, we separately 
analyzed rs1800591 polymorphism in patients with (biopsy 
proven) NASH. This revealed that the G allele significantly 
increased the risk of  NASH in both the heterozygous and 
dominant models. Hence, it was hypothesized that the G 
allele may play a role in the pathogenesis of  NASH through 
the reduction in MTTP expression. It was also mentioned 
in one review that hepatic MTTP expression was found 
to be significantly lower in patients with NASH, when 
compared to NAFL.[33]

Although there was significant heterogeneity in each 
model, the subgroup analysis of  these studies by ethnicity 
eliminated the heterogeneity, suggesting the potential 
impact of  ethnicity on the results. During the sensitivity 
analysis, it was found that the original results were reversed 
after the elimination of  one African study from the 
heterozygous model. The African study found that the 
T allele and TT genotype in the MTTP gene rs1800591 
polymorphism were significantly elevated in NAFLD 
patients, which are contrary to the findings of  other 
studies, and it also reflected the impact of  ethnicity on the 
outcomes. Furthermore, the publication bias was found 
in the recessive model and the dominant model by Begg’s 
rank correlation test and Egger’s linear regression test, 
respectively (P < 0.05). Hence, further studies are needed 
to verify these findings.

MTTP gene rs3816873 polymorphism refers to the 
substitution of  isoleucine by threonine at amino acid 
position 128, which reduces thermal stability.[34] So far, 
two studies have reported that rs3816873 polymorphism is 
not associated with NAFLD,[16,23] while a study conducted 

Table  3: Publication bias of the five genetic models for 
rs1800591 and rs3816873 polymorphisms
Genetic model rs1800591 rs3816873

PB PE PB PE

Allelic 0.133 0.172 1.0 0.951
Heterozygous 0.368 0.091 1.0 0.803
Homozygous 0.133 0.067 1.0 0.851
Dominant 0.072 0.042* 1.0 0.798
Recessive 0.035* 0.302 1.0 0.988

PB: P-value of Begg’s rank correlation test. *P<0.05.PE: P-value of 
Egger’s linear regression test. *P<0.05.

Figure 4: Begg’s funnel plot and Egger’s linear regression plot for detecting the publication bias through the recessive model. (a) Begg’s funnel 
plot for the rs1800591 polymorphism; (b) Egger’s linear regression plot for the rs1800591 polymorphism; (c) Begg’s funnel plot for the rs3816873 
polymorphism; (d) Egger’s linear regression plot for the rs3816873 polymorphism

dc

ba
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by Hashemi et al. revealed a significant correlation.[14] In 
the present study, the polymorphism was not found to be 
correlated to NAFLD susceptibility in a pooled analysis of  
the heterozygous model and dominant model. Although a 
study[14] did not meet the HWE (P < 0.05), the results of  
each model did not change after the removal of  this study, 
and funnel plot was also symmetrical. Furthermore, the 
Begg’s rank correlation test and Egger’s linear regression 
test did not reveal any publication bias.

There were several limitations in the present meta‑analysis. 
First, merely studies published in the English language 
with complete original data were included. Thus, the 
present study may have selection bias, which may affect the 
reliability of  the present results. Second, the number of  
studies included was limited, and the sample size was small. 
Lastly, due to insufficient data, the results could not be 
adjusted according to other risk factors. Fortunately, despite 
these shortcomings, the present meta‑analysis has some 
advantages. First, compared to the previously published 
meta‑analysis in 2014, the total number of  patients included 
in the present study was almost double, which significantly 
improves the statistical capacity of  the analysis. Second, 
it was found that the quality of  the included studies was 
better based on the NOS score.

CONCLUSION

In summary, the present meta‑analysis revealed that 
there is no significant association between the rs1800591 
and rs3816873 polymorphisms of  the MTTP gene and 
NAFLD. However, there appeared to be a significant 
correlation between the G allele of  rs1800591 and NASH. 
Therefore, MTTP gene rs1800591 polymorphism may 
be useful in the individualized management of  NASH. 
Further large‑scale studies in different ethnicity groups are 
needed to clarify the exact role of  MTTP mutation in the 
susceptibility of  NASH.
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