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Background. Emerging evidence indicates tribbles homolog 1 (Trib1) protein may be involved in lipid metabolism regulation and
coronary artery disease (CAD) pathogenesis. However, whether TRIBI gene variants affect lipid levels and CAD remains elusive,
this study is aimed at clarifying the effect of TRIBI variants on lipid profile and CAD. Methods. By searching PubMed and
Cochrane databases for studies published before December 18, 2022, a total of 108,831 individuals were included for the
analysis. Results. The outcomes of the analysis on all individuals showed that the A allele carriers of rs17321515 and rs2954029
variants had higher low-density lipoprotein cholesterol (LDL-C) and total cholesterol (TC) levels than the noncarriers.
Consistently, a higher CAD risk was observed in the A allele carriers. Subgroup analysis indicated that increased LDL-C, TC,
and CAD risk were observed in Asian population. Conclusions. Variants of TRIBI (i.e., rs17321515 and rs2954029) may serve

as causal genetic markers for dyslipidemia and CAD in Asian population.

1. Introduction

Tribl, a serine-threonine kinase-like protein, encodes by the
TRIBI gene, and it is proposed that Tribl acts as an adaptor
protein in multiple pathways, but the precise molecular
function is unknown. Tribl expression is ubiquitous and
predominately in the liver [1] and coronary arteries [2]. Pre-
liminary clinical data indicate that Tribl expression is
largely elevated in the coronary artery of advanced CAD [3].

It is now increasingly evidenced that Tribl may be a
promising regulator of lipid metabolism [4]. For instance,
Tribl knock-out increased mice’s plasma triglycerides (T'G)
and cholesterol levels [5]. In contrast, overexpression of
Tribl reduced and normalized these parameters [6]. More-
over, the adenovirus-mediated rescue of Tribl expression
in liver-specific Bmall knock-out mice lowered plasma pro-
protein convertase subtilisin/kexin type 9 (PCSK9) levels,
increased low-density lipoprotein receptor (LDLR) counts,
and decreased plasma LDL-C levels [7]. However, deletion
of Tribl increased CCAAT/enhancer-binding protein alpha

(CEBPa) and activated transcription factor 3 (ATF3) levels,
reduced LDLR counts, and elevated plasma LDL-C levels
[8]. Collectively, it indicated that Tribl protein expression
was closely related to lipid metabolism.

Currently, some functional variants of TRIBI altered
mRNA secondary structure [9] therefore impacting Tribl
protein expression [6, 10]. Therefore, variants of rs2954029
and rs17321515 may also modulate the expression of Tribl.

Dyslipidemia is characterized by increased TG, TC, and
LDL-C levels and decreased high-density lipoprotein choles-
terol (HDL-C) levels in plasma. Since dyslipidemia is one of
the most critical risk factors for CAD and accounts for at
least 50% of population-attributable risk [11], it is tempting
to speculate that the increased CAD risk caused by
rs2954029 [12] and rs17321515 [13] variants may stem from
atherogenic dyslipidemia. However, a series of GWAS iden-
tified rs2954029 [14-18], and rs17321515 [19] variant was
associated only with higher TG levels in Caucasians. Two
GWAS further indicated that the association of rs2954029
[20] and rs17321515 [21] variants with CAD was mediated
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by the elevated TG levels. However, whether variants of
rs2954029 and rs17321515 were associated with other lipid
parameters (e.g, LDL-C, TC, and HDL-C), it remains
unknown. In order to clarify it, this study is conducted to
clarify the association of rs17321515 and rs2954029 variants
with lipid levels and CAD risk.

2. Methods

The present meta-analysis is in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [22].

2.1. Literature Search. A comprehensive search of the litera-
ture was performed from June 1, 2021 to December 18, 2022,
by using relevant databases including PubMed, Cochrane
Library, Embase, Medline, Google Scholar, and Web of Sci-
ence. The following keywords were used in the search:
(“tribbles  homolog 1, “TRIB1,” “rs17321515,” or
“rs2954029”), (“polymorphism,” “mutant,” “mutation,”
“variant,” “variation,” “SNP,” or “single nucleotide polymor-
phism”) and (“lipid,” “plasma lipid,” “circulating lipid,”
“serum lipid,” “blood lipid”).

2.2. Inclusion Criteria. The inclusion criteria for association
analysis of variants of rs17321515 and rs2954029 with
CAD were as follows: (1) studies using a population-based
case-control design; (2) CAD cases were angiographically
defined; (3) genotype frequencies of cases and controls
according to variants of rs17321515 and rs2954029 were
available. The inclusion criteria for association analysis of
variants of rs17321515 and rs2954029 with lipid levels were

as follows: (1) the studies investigated the association of
TRIBI rs17321515 or rs2954029 variants with lipid levels;
(2) the studies at least provided one of four parameters in
lipid profile (TG, TC, LDL-C, and HDL-C); (3) the studies
provided the genotype frequencies of variants of
rs17321515 and rs2954029; (4) the studies provided mean
lipid levels with standard deviation (SD) or standard errors
(SE) by the genotypes of rs17321515 and rs2954029; (5)
the interventional studies provided preintervention data;
(6) the language of eligible studies was restricted to English
or Chinese.

2.3. Data Extraction. Data screening between the two
authors was compared by kappa statistics [23]. Two authors
extracted the data independently by using standardized data
extraction tables. The discrepancy in data collected was
resolved by consensus or a discussion with the third author.
If key data was absent, e-mail or telephone was used to con-
tact the corresponding authors to acquire this information.
The following data were extracted from each eligible study:
the first author’s name, year, country, ethnicity, gender,
genotype count, genotyping methods, type of study, type of
disease, total sample size, and mean lipid levels with SD or
SE by genotypes.

2.4. Data Analysis. The units of TG, TC, LDL-C, and HDL-C
were converted into mmol/L. All extracted data were
expressed as mean + SD. The odds ratio (OR) with 95% con-
fidence interval (CI) was used to evaluate the strength of var-
iants of rs17321515 and rs2954029 with CAD risk. The
standardized mean difference (SMD) and 95% CI were used
to evaluate the differences in lipid levels between the
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Study or subgroup GA + AA GG Weight Std. mean difference Std. mean difference
Mean SD Total Mean SD Total 1V, fixed, 95% CI 1V, fixed, 95% CI

1.11LDL-C

Tai et al. 2009 363  1.09 2130 353 109 803 15.5% 0.09 [0.01,0.17]

Aung et al. 2011 294 081 235 275 097 66 1.4% 0.22 [-0.05, 0.50] I

Aung et al. 2011 (2) 3098 268 291 088 70 1.5% 0.09 [-0.17, 0.36] 1

Aung et al. 2011 (3) 298 084 233 314 09 66 1.4% -0.19 [-0.46, 0.09] —

Aung et al. 2011 (4) 286 089 264 282 098 81 1.6% 0.04 [-0.21, 0.29]  E—

Llu et al. 2019 344 059 102 332 049 37  07% 0.21 [-0.17,0.59] ]

Llu et al. 2019 (2) 311 077 98 309 059 67 1.1% 0.03 [-0.28, 0.34] e Ea—

Park et al. 2011 3082 5220 295 0.8 2380 435% 0.06 [0.01,0.11] bl

Lan etal. 2013 329 082 346 32 082 212 35% 0.11 [-0.06, 0.28] 1T

Lan etal. 2013 (2) 312 077 303 311 082 153 2.7% 0.01 [-0.18,0.21] I

Xu et al. 2013 223 119 201 215 1 8 16% 0.07 [-0.18, 0.32] I B

Xu et al. 2013 (2) 21 097 129 194 103 67 12% 0.16 [-0.13, 0.46] —

‘Wang et al. 2015 2.68 0 1875 259 0 936 Not estimable

Kathiresan et al. 2008 4.2 1 3753 411 096 1218 24.4% 0.09 [0.03, 0.16] -

Subtotal (95% CI) 15157 6242 100.0% 0.07 [0.04,0.11] *

Heterogeneity: X =6.89,df =12 (P =0.86); I* = 0%

Test for overall effect: Z = 4.58 (P < 0.00001)

1.1.2 TC

Tai et al. 2009 565 124 2130 551 125 803 48.3% 0.11 [0.03,0.19] =

Aung et al. 2011 519 117 235 511 23 66 4.3% 0.05 [-0.22, 0.33] R

Aung et al. 2011 (2) 498 125 268 493 117 70  4.6% 0.04 [-0.22, 0.30] D

Aung et al. 2011 (3) 523 119 233 541 105 66 4.3% -0.15 [-0.43, 0.12] I

Aung et al. 2011 (4) 49 106 264 486 109 81 51% 0.04 [-0.21, 0.29] D

Llu et al. 2019 542 08 102 56 088 37 22% -0.22[-0.59, 0.16] - 1

Llu et al. 2019 (2) 409 121 98 393 146 67 33% 0.12 [-0.19, 0.43] —

Lan et al. 2013 525 1.01 346 523 1.02 212 10.9% 0.02 [-0.15, 0.19] -1

Lan etal. 2013 (2) 534 094 303 529 099 153 8.4% 0.05 [-0.14, 0.25] T

Xu et al. 2013 446 111 201 427 101 86 50% 0.18 [-0.08, 0.43] T

Xu et al. 2013 (2) 436 099 129 416 094 67 3.6% 0.20 [-0.09, 0.50] T

Wang et al. 2015 4.46  0.02 1875 438 0 936 Not estimable

Subtotal (95% CI) 6184 2644 100.0% 0.08 [0.02,0.13] *

Heterogeneity: X>=7.91,df =10 (P = 0.64); I* = 0%
Test for overall effect: Z = 2.63 (P = 0.009)

1.1.3TG

Aung et al. 2011 116 114 235 129 112 66 1.6%
Aung et al. 2011 (2) 1.05 067 268 1.03 06 70 1.8%
Aung et al. 2011 (3) 13 1.05 233 115 116 66 1.6%
Aung et al. 2011 (4) 1.05 094 2064 095 06 81 2.0%
Liu et al.2019 195 134 102 1.83 124 37 09%
Liu et al.2019 (2) 233 072 98 135 086 67 1.1%
Park et al.2011 179 111 5220 1.7 1.04 2380 51.6%
Lan et al.2013 2.06 1.6 346 1.84 112 212 4.1%
Lan et al.2013 (2) 149 069 303 155 095 153 32%
Xu et al.2013 201 1.07 201 1.86 091 86 1.9%
Xu et al.2013 (2) 2.08 1.1 129 1.68 1.03 67 14%
Wang et al.2015 1.66 0.02 1875 1.56 0 936
Kathiresan et al.2008 1.39  0.83 3753 129 0.67 1218 29.0%
Subtotal (95% Cl) 13027 5439 100.0%

Heterogeneity: X’ = 54.63, df = 11 (P < 0.00001): I” = 80%
Test for overall effect: Z = 6.08 (P < 0.00001)

1.14 HDL-C
Tai et al. 2009 1.23 035 2130 123 035 803 155%
Aung et al. 2011 179 052 235 163 04 66 14%

Aung et al. 2011 (2) 1.75 043 268 177 041 70 1.5%
Aung et al. 2011 (3) 164 04 233 174 047 66 14%
Aung et al. 2011 (4) 1.79  0.69 264 172 049 81 1.6%

Liu et al.2019 .19 021 102 121 022 37 07%
Liu et al.2019 (2) 131 034 98 129 041 67 11%
Park et al.2011 116 027 5220 1.16 024 2380 43.5%
Lan et al.2013 127 028 346 129 035 212 35%
Lan et al.2013 (2) 156 036 303 152 032 153 27%
Xu et al.2013 1.08 024 201 1.08 023 86 1.6%
Xu et al.2013 (2) 111 025 129 115 024 67 12%
Wang et al.2015 12 001 1875 1.22 0 936
Kathiresan et al.2008 139 036 3753 142 039 1218 24.4%
Subtotal (95% Cl) 15157 6242 100.0%

Heterogeneity: X2=17.23,df =12 (P = 0.14): I* = 30%
Test for overall effect: Z = 1.16 (P = 0.25)

~0.11 [~0.39, 0.16]
0.03 [-0.23,0.29]
0.14 [-0.13, 0.41]
0.11 [<0.13, 0.36]
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FIGURE 2: Forest plot of TRIBI rs17321515 variant with lipid profile.

genotypes rs17321515 and rs2954029. The pooled OR was
performed for allelic model (A vs. G for rs17321515 and A
vs. T for rs2954029), additive model (AA vs. GG for
rs17321515 and AA vs. TT for rs2954029), dominant model
((GA+AA) vs. GG for rs17321515 and (TA+AA) vs. TT for

rs2954029), and recessive model ((GG+GA) vs. AA for
rs17321515 and (TT+TA) vs. AA for rs2954029). Since most
of the included studies presented lipid data in a dominant
model ((GA+AA) vs. GG for rs17321515 and (TA+AA) vs.
TT for rs2954029), a dominant model was adopted to ensure
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TABLE 1: Meta-analysis of TRIBI rs17321515 variant with lipid profile.

Groups or subgroups Comparisons (subjects) Py SMD (95% CI) Povn
TG

All 13 (18 466) <0.001 0.11 (0.07-0.14) <0.001
Studies in HWE 11 (17 672) <0.001 0.20 (0.08-0.32) <0.01
Asian 12 (13 495) <0.001 0.18 (0.03-0.32) 0.02
Male 3 (1 158) 0.25 0.08 (-0.08-0.24) 0.32
Female 3 (1 139) 0.48 0.00 (-0.13-0.13) 0.94
General population 10 (15 229) <0.001 0.17 (0.05-0.29) 0.01
TC

All 12 (8 828) 0.64 0.08 (0.02-0.13) 0.01
Studies in HWE 10 (8 034) 0.45 0.08 (0.02-0.14) 0.01
Asian 12 (8 828) 0.63 0.08 (0.02-0.13) 0.01
Male 3 (1 158) 0.50 0.01 (-0.14-0.12) 0.87
Female 3 (1139) 0.99 0.04 (-0.09-0.18) 0.50
General population 9 (5591) 0.76 0.08 (0.02-0.14) 0.01
LDL-C

All 14 (21 399) 0.86 0.07 (0.04-0.11) <0.001
Studies in HWE 12 (20 605) 0.77 0.08 (0.04-0.11) <0.001
Asian 13 (16 428) 0.83 0.07 (0.03-0.11) <0.001
Male 3 (1158) 0.09 0.07(-0.06-0.20) 0.29
Female 3 (1139) 0.89 0.04 (-0.09-0.17) 0.53
General population 11 (18 162) 0.78 0.07 (0.04-0.11) <0.001
HDL-C

All 14 (21 399) 0.14 -0.02 (-0.05-0.01) 0.25
Studies in HWE 12 (20 605) 0.12 -0.02 (-0.05-0.01) 0.18
Asian 13 (16 428) 0.33 0.00 (-0.04-0.04) 0.94
Male 3 (1158) 0.01 -0.02 (-0.15-0.11) 0.78
Female 3 (1139) 0.59 0.07 (-0.06-0.21) 0.29
General population 11 (18 162) 0.07 -0.02 (-0.05-0.01) 0.26

SMD: standardized mean difference; 95% CI: 95% confidence interval; Py, P

Heterogeneity;

HWE: Hardy-Weinberg equilibrium; TG: triglycerides; TC: total

cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.

adequate statistical power. All statistical tests were con-
ducted with the Cochrane Collaboration meta-analysis soft-
ware, Review Manager 5.4. P <0.05 was recognized as
statistically significant.

2.5. Subgroup Analysis. Subgroup analysis was carried out by
ethnicity, gender, and the general population. Subgroup
analysis by ethnicity was primarily conducted in the Asian
cohort. Subgroup analysis by gender was performed in males
and females. In some studies, the subjects were divided into
more than one subpopulation (e.g., the subjects originated
from different gender, case, and control subjects). Each sub-
population was regarded as an independent comparison in
this study.

2.6. Other Analyses. Refer to the previous publication [24]
for more details about heterogeneity processing, sensitivity
analysis, risk bias test, and publication bias test.

3. Results

3.1. Study Selection. The kappa value was 0.95 (>0.75)
between the authors, and the details of the study selection
were summarized in Figure 1 (please see Figure S1 for the
full electronic search strategy).

3.2. Characteristics of Included Studies. The meta-analysis of
TRIBI rs2954029 variant with lipid profile was presented in
Supplementary Material: Table S1. The meta-analysis of
TRIBI rs17321515 variant with CAD risk was presented in
Supplementary Material: Table S2. The meta-analysis of
TRIBI rs2954029 variant with CAD risk was presented in
Supplementary Material: Table S3. The characteristics of
the individual studies included in the meta-analysis
between TRIBI variants and lipid profile were presented in
Supplementary Material: Table S4. The characteristics of
the individual studies included in the meta-analysis
between TRIBI rs17321515 variant and CAD were
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TA + AA TT

Std. Mean difference

Std. Mean difference

Study or subgroup  nian SD Total Mean SD Total OB IV, fixed, 95% CI IV, fixed, 95% CI
1.1.1 LDL-C
Liu et al. 2019 3.23 0.51 106 2.88 0.54 40 2.1% 0.67 [0.30, 1.04]
Liu et al. 2019 (2) 3.12 0.76 106 3.08 0.59 69 3.1% 0.06 [-0.25, 0.36] - 1
Shen et al. 2013 2.58 0.73 2249 25 0.81 1245 60.0% 0.11 [0.04, 0.17] L
Liu et al. 2019 (3) 3.12 0.76 101 3.08 0.59 55 2.7% 0.06 [-0.27, 0.38] ]
Tkeoka et al. 2014 298 0.74 646 294 0.72 212 12.0% 0.05 [-0.10, 0.21] I
Tkeoka et al. 2014 (2) 324 0.77 1132 3.18 0.78 351 20.1% 0.08 [-0.04, 0.20] T
Subtotal (95% CI) 4340 1972 100.0% 0.10 [0.05, 0.16] L 2
Heterogeneity: > = 9.70, df = 5 (P = 0.08); I” = 48%
Test for overall effect: Z = 3.75 (P = 0.0002)
1.1.2TC
Liu et al. 2019 544 0.82 106 5.54 0.84 40 2.2% -0.12 [-0.48, 0.24] - 1
Liu et al. 2019 (2) 457 1.2 106 4.03 147 69 3.2% 0.41 [0.10, 0.72]
Shen et al. 2013 4.13 0.78 2249 4.03 0.89 1245 61.7% 0.12 [0.05, 0.19] .
Tkeoka et al. 2014 494 083 646 4.88 0.83 212 12.3% 0.07 [-0.08, 0.23] 1
Tkeoka et al. 2014 (2) 5.35 0.85 1132 528 0.87 351 20.6% 0.08 [-0.04, 0.20] T
Subtotal (95% CI) 4239 1917 100.0% 0.11 [0.06, 0.17] L 2
Heterogeneity: x*=577,df =4 (P=0.22); I*=31%
Test for overall effect: Z = 4.00 (P < 0.0001)
1.1.3 HDL-C
Liu et al. 2019 1.2 0.2 106 1.19 0.24 40 2.2% 0.05 [-0.32, 0.41] ]
Liu et al. 2019 (2) 132 034 106 127 04 69 3.2% 0.14 [-0.17, 0.44] ]
Shen et al. 2013 141 032 2249 139 0.31 1245 61.7% 0.06 [-0.01, 0.13] -
Tkeoka et al. 2014 145 036 646 14 034 212 12.3% 0.14 [-0.01, 0.30] T
Tkeoka etal. 2014 (2) 1.59 0.36 1132 1.6 0.34 351 20.6% -0.03 [-0.15, 0.09] "
Subtotal (95% CI) 4239 1917 100.0% 0.06 [0.00, 0.11] &
Heterogeneity: x*=3.35df =4 (P =0.50); I* = 0%
Test for overall effect: Z = 2.01 (P = 0.04)
1.14 TG
Liu et al. 2019 195 135 106 1.83 121 40 10.5% 0.09 [-0.27, 0.45] -
Liu et al. 2019 (2) 136 0.87 106 128 054 69 15.1% 0.11 [-0.20, 0.41] —
Lietal. 2017 118 061 809 1.4 0.53 276 74.4% 0.07 [-0.07, 0.20] Tl
Subtotal (95% CI) 1021 385 100.0%  0.08 [-0.04, 0.19] o
Heterogeneity: x> =0.06,df =2 (P=0.97); *=0%
Test for overall effect: Z = 1.26 (P = 0.21)
T T T T
-1 -0.5 0 0.5 1

Favours [Non-carriers] ~ Favours [A allele carriers]

FIGURE 3: Forest plot of TRIBI rs2954029 variant with lipid profile.

presented in Supplementary Material: Table S5. The
characteristics of the individual studies included in the
meta-analysis between TRIBI rs2954029 variant and CAD
were presented in Supplementary Material: Table S6. The
plasma lipid levels by the genotypes of TRIBI rs17321515
variant were presented in Supplementary Material:
Table S7. The plasma lipid levels by the genotypes of
TRIBI 152954029 variant were presented in Supplementary
Material: Table S8.

3.3. Effect of rs17321515 on Lipid Profile. The effect of
rs17321515 on lipid profile was harmful (Figure 2). Sub-
group analysis indicated that the significant effect of
rs17321515 on lipid profile was primarily in Asians and
the general population (please see Table 1 for more details).

3.4. Effect of 2954029 on Lipid Profile. rs2954029 had an
ambiguous effect on lipid profile (Figure 3). Subgroup anal-
ysis indicated that the significant effect of rs2954029 on lipid
profile was primarily in Asians and the general population
(please see Table S1 for more details).

3.5. Effect of rs17321515 on CAD. The effect of rs17321515
on CAD was harmful (Figure 4). Subgroup analysis indi-
cated that the effect of rs17321515 on CAD was observed
in Asians (Table S2).

3.6. Effect of rs2954029 on CAD. The effect of rs2954029 on
CAD was harmful (Figure 5). Subgroup analysis indicated
that the effect of 152954029 on CAD was observed in Asians
and Caucasians (Table S3).

3.7. Evaluation of Heterogeneity. Significant heterogeneity
was detected in analyzing the effect of rs17321515 and
rs2954029 on CAD risk (Table S2, Table S3). Notably, the
recalculated results changed substantially after eliminating
heterogeneity (see Table S2 and Table S3 for more details).

3.8. Sensitivity Analysis. Sensitivity analysis indicated that
some comparisons may influence the effect of rs17321515
and rs2954029 on lipid and CAD risk (please see
Figure S2-S4 for more details). However, the effects of
rs17321515 and rs2954029 on lipid and CAD did not
change substantially after omitting these comparisons,
indicating that the synthetic results were robust.
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Study or subgroup CAD Control Weight QOdds ratio QOdds ratio

Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
1.1.1 Allelic model (A vs G)
Xu et al. 2013 248 576 270 660 11.1% 1.09 [0.87, 1.37] T
Wang et al. 2015 1168 2664 2362 5622 65.8% 1.08 [0.98, 1.18] | |
Liu et al. 2019 132 282 126 330 4.8% 1.42 [1.03, 1.97]
Liu et al. 2020 288 584 2320 5168 18.4% 1.19 [1.01, 1.42] Pl
Subtotal (95% CI) 4106 11780 100.0%  1.12[1.04,1.20] A4
Total events 1836 5078
Heterogeneity: X2 = 3.39, df = 3 (P = 0.34); I> = 11%
Test for overall effect = Z = 2.91 (P = 0.004)
1.1.2 Additive model (AA vs GG)
Xu et al. 2013 46 132 58 176 10.9% 1.09 [0.68, 1.75] I
Wang et al. 2015 265 694 487 1423 66.6% 1.19 [0.98, 1.43] Tl
Liu et al. 2019 30 69 28 95 4.5% 1.84 [0.96, 3.52] T
Liu et al. 2020 70 144 524 1312 18.0% 1.42 [1.01,2.01] G
Subtotal (95% CI) 1039 3006 100.0%  1.25(1.07,1.45] 4
Total events 411 1097
Heterogeneity: X2 = 2.52, df = 3 (P = 0.47); I* = 0%
Test for overall effect = Z = 2.86 (P = 0.004)
1.1.3 Dominant model (GA + AA vs GG)
Xu et al. 2013 202 288 212 330 10.4% 1.31 [0.93, 1.83] N
Wang et al. 2015 903 1332 1875 2811 66.8% 1.05[0.91, 1.21] -
Liu et al. 2019 102 141 98 165 4.4% 1.79 [1.10, 2.90]
Liu et al. 2020 218 292 1796 2584 16.4% 1.29 [0.98, 1.70]
Subtotal (95% CI) 2053 5890 100.0% 1.15[1.03, 1.29] ’
Total events 1425 3981
Heterogeneity: X2 = 6.07, df =3 (P = 0.11); > = 51%
Test for overall effect = Z = 2.42 (P = 0.02)
1.1.4 Recessive model (GG + GA vs AA)
Xu et al. 2013 46 288 58 330 11.4% 0.89 [0.58, 1.36] T
Wang et al. 2015 265 1332 487 2811 63.1% 1.19 [1.00, 1.40] il
Liuetal. 2019 30 141 28 165 51% 1.32[0.75, 2.34] -
Liu et al. 2020 70 292 524 2584  20.4% 1.24[0.93, 1.65] T
Subtotal (95% CI) 2053 5890 100.0% 1.17 [1.02, 1.34] L
Total events 411 1097
Heterogeneity: X? = 1.94, df = 3 (P = 0.59); I? = 0%
Test for overall effect = Z = 2.32 (P = 0.02)
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0.2 0.5

—_

2 5

Favours [Control]  Favours [CAD]

FIGURE 4: Forest plot of TRIBI rs17321515 variant with CAD risk.

3.9. Risk Bias Test. The effects of rs17321515 and rs2954029
on lipid and CAD showed a low risk of bias (see Figure S5
for more details), indicating that the included studies were
of relatively high quality.

3.10. Publication Bias Test. Begg’s test did not find any pub-
lication bias in the present study, which was confirmed by
Egger’s regression test (see Figure S6-S9 for more details).

4. Discussion

The present study showed that rs17321515 and rs2954029
caused atherogenic dyslipidemia and increased CAD risk
in Asians, indicating that the Asian populations were at high
risk of CAD.

Previous studies indicated that inhibition of Tribl
caused atherogenic dyslipidemia [8], while overexpression
[6] or rescue [7] of Tribl remodeled lipid metabolism
homeostasis. Therefore, rs2954029 and rs17321515 may
affect lipid levels by influencing Tribl expression [6, 9, 10].

The present study showed that rs17321515 increased
LDL-C, TC, and TG levels (Table 1). Since dyslipidemia
played a critical role in CAD pathogenesis [11], it indicated
that increased CAD risk associated with rs17321515
(Table S2) was mediated, at least partly, by the increased
LDL-C, TC, and TG levels (Table 1). In contrast,
rs2954029 increased LDL-C (harmful), TC (harmful), and
HDL-C (beneficial) levels (Table S1), indicating that
rs2954029 had an ambiguous effect on lipid profile. When
combined with Shihab et al’s [11] study, it indicated that
the increased CAD risk associated with rs2954029
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Study or subgroup CAD Control Weight QOdds ratio Odds ratio
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI

1.1.1 Allelic model (A vs T)

Zhang et al. 2019 518 1186 481 1250  5.3% 1.24 [1.05, 1.46] —_

Varbo et al. 2011 839 1504 9939 19104 12.8% 1.16 [1.05, 1.29] -

Varbo et al. 2011 (2) 1748 3286 40257 77074  30.8% 1.04[0.97, 1.11] r

Varbo et al. 2011 (3) 3206 5956 16088 31104  47.7% 1.09 [1.03, 1.15] L]

Liu et al. 2019 144 310 139 350 1.4% 1.32[0.97, 1.79] 1

Ikeoka et al. 2014 114 216 2261 4466  2.0% 1.09 [0.83, 1.43] T

Subtotal (95% CI) 12458 133348 100.0% 1.09 [1.05, 1.14] ¢

Total events 6569 69165

Heterogeneity: X2 =7.07, df = 5 (P = 0.22); I2=29%

Test for overall effect: Z = 4.59 (P < 0.00001)

1.1.2 Additive model (AA vs TT)

Zhang et al. 2019 100 275 84 312 4.3% 1.55 [1.09, 2.20]

Varbo et al. 2011 232 377 2566 4745  12.4% 1.36 [1.10, 1.68] —

Varbo et al. 2011 (2) 460 815 10483 19246 31.8% 1.08 [0.94, 1.25] Sl

Varbo et al. 2011 (3) 854 1480 4219 7902  482% 1.19 [1.06, 1.33] -

Liu et al. 2019 36 83 33 102 1.4% 1.60 [0.88, 2.92] .

Tkeoka et al. 2014 28 50 569 1110  1.8% 1.21 [0.68, 2.14] —

Subtotal (95% CI) 3080 33417  100.0% 1.20 [1.11, 1.30] *

Total events 1710 17954

Heterogeneity: X2 = 6.26, df = 5 (P = 0.28); I2 = 20%

Test for overall effect: Z = 4.58 (P < 0.00001)

1.1.3 Dominant model (TA + AA vs TT)

Zhang et al. 2019 418 593 397 625 6.7% 1.37 [1.08, 1.74] —_—

Varbo et al. 2011 607 725 7373 9552  12.1% 1.24 [1.03, 1.49] —

Varbo et al. 2011 (2) 1288 1643 29774 38537  30.7% 1.07 [0.95, 1.20] =

Varbo et al. 2011 (3) 2352 2978 11869 15552  46.9% 1.17 [1.06, 1.28] L

Liu et al. 2019 108 155 106 175 1.8% 1.50 [0.95, 2.36] T

Tkeoka et al. 2014 8 108 1692 2233 1.9% 1.25 [0.77, 2.02] ]

Subtotal (95% CI) 6229 66674 100.0% 1.17 [1.09, 1.24] ¢

Total events 4859 51211

Heterogeneity: X2 = 5.43, df = 5 (P = 0.37); I2= 8%

Test for overall effect: Z = 4.58 (P < 0.00001)

1.1.4 Recessive model (TT + TA vs AA)

Zhang et al. 2019 100 593 84 625 3.4% 1.31[0.95, 1.79] )

Varbo et al. 2011 232 752 2566 9552  13.1% 1.21 [1.03, 1.43] —

Varbo et al. 2011 (2) 460 1643 10483 38537  31.3% 1.04 [0.93, 1.16] ‘;

Varbo et al. 2011 (3) 854 2978 4219 1555 4909% 1.08 [0.99, 1.18]

Liu et al. 2019 36 155 3B 475 12% 1.30 [0.77, 2.21] ]

Ikeoka et al. 2014 28 08 % 2233 20% 1.02 [0.66, 1.59] ]

Subtotal (95% CI) 6229 66674 100.0% 1.09 [1.03, 1.16] ¢

Total events 1710 17954

Heterogeneity: X2 = 4.22, df = 5 (P = 0.52); I2= 0%

Test for overall effect: Z = 2.93 (P = 0.003)
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FIGURE 5: Forest plot of TRIBI rs2954029 variant with CAD risk.

(Table S3) was mediated by the increased LDL-C and TC
levels (Table S1).

According to the 2018 ACC/AHA [25], the 2019 ESC/
EAS [26], and the adult treatment panel III (ATP III) choles-
terol guidelines [27], LDL-C was considered the major cause
of CAD and treated as the primary target for therapy, while
other lipids were used as the secondary or supplementary
therapeutic targets. In the present study, significantly
increased LDL-C levels were observed in subjects with
rs2954029 and rs17321515 (Table 1, Table S1), indicating

that rs2954029 and rs17321515 may serve as causal genetic
markers for dyslipidemia or CAD.

Subgroup analysis by ethnicity indicated that signifi-
cantly increased LDL-C and TC were observed in Asians
with 1rs2954029 and rs17321515 (Table 1, Table S1),
indicating that Asians with rs2954029 and rs17321515
were at high risk of CAD. Intriguingly, this speculation
was verified in the present study, whereas rs2954029 and
rs17321515 significantly increased the risk of CAD in
Asians (Table S2, Table S3). Meanwhile, 1rs2954029



significantly increased the risk of CAD in Caucasians
(Table S3), indicating that Caucasians with rs2954029 had
a high risk to develop CAD. However, whether rs17321515
impacted the risk of CAD in Caucasians could not be
determined due to the absence of original data. Therefore,
further clinical trials on Caucasians are certainly needed.

Subgroup analysis by gender indicated that rs17321515
did not show statistically significant effect on lipid profile
in both males and females. However, only 3 comparisons
(1158 individuals for males and 1139 individuals for
females) were used to calculate the results in males and
females (Table 1), which lowers the strength of the results
and needs to be confirmed by future studies. Moreover, the
effects of rs2954029 and rs17321515 on lipid and CAD were
significant in general population, indicating that general
population with rs2954029 and rs17321515 were at high risk
of dyslipidemia or CAD.

4.1. Strengths and Limitations. The present meta-analysis
has several strengths. For instance, the clinical data of
108,831 individuals were included, which increased the reli-
ability of synthetic results due to high statistical power [28].
Moreover, the synthetic results were recalculated after
excluding the studies with heterogeneity, which further
advanced the preciseness of conclusions drawn in this man-
uscript and were not likely to be type I errors (false-positive
results) [28]. However, several limitations of the present
study should be noted. Firstly, a large number of genes and
some environmental factors are involved in dyslipidemia
and CAD [28]. Our study has not investigated the interac-
tion of TRIBI variants with other variant loci or environ-
mental factors on lipid profile and CAD risk due to the
lack of original data from the included studies. In other
words, more precise results could have been gained if more
detailed individual data were available, or if the stratification
analyses based on the environmental factors such as smok-
ing, alcohol consumption, and exercise were performed
[29]. Secondly, this meta-analysis only included the studies
published in English and Chinese as it was very difficult to
get the full papers published in various languages [29].
Thirdly, we did not register a protocol (e.g., PROSPERO)
for this meta-analysis, which may introduce potential bias
to this review.

5. Conclusions

Variants of TRIBI (ie., rs17321515 and rs2954029) may
serve as causal genetic markers for dyslipidemia and CAD
in Asian population.
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