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TGF-β1 -509C/T polymorphism  
and susceptibility to keloid  
disease: a systematic review  
and meta-analysis

Yiji Tu1, William Charles Lineaweaver2 and Feng Zhang1,2

Abstract

Background: Keloid disease (KD) is common and often refractory to treatment. Definition of the genetic 
mechanisms of KD can lead to a better understanding of the disease and suggest more effective treatment 
strategies.

Objectives: To quantitatively estimate the association between KD susceptibility and the -509C/T 
polymorphism in the TGF-β1 gene.

Methods: PubMed, Embase and CNKI databases were searched using a combination of the Medical Subject 
Headings (MeSH) and relevant words in titles. Analyses were performed with STATA 12.0.

Results: Five case-control studies encompassing a total of 564 keloid cases and 620 healthy controls were 
pooled in the final meta-analysis. Among the five studies, no significant association was detected between the 
TGF-β1 -509C/T polymorphism and KD under all of the five genetic models (allele comparison, heterozygote 
comparison, homozygote comparison, dominant model and recessive model) for the overall analyses and 
for the subgroup analyses based on DNA extraction method, participant ethnicity and group size. When 
stratified by study quality, three high-quality studies showed significant association under allele comparison 
and homozygote model (C versus T: OR = 0.80, 95% confidence interval [CI] = 0.65–0.98, P = 0.03; I2 = 0%, 
P = 0.64; CC versus TT: OR = 0.62, 95% CI = 0.41–0.94, P = 0.02; I2 = 0%, P = 0.79); while two moderate-
quality studies showed significant association under allele comparison, homozygote model and recessive 
model (C versus T: OR = 1.52, 95% CI = 1.15–2.01, P = 0.004; I2 = 39%, P = 0.20; CC versus TT: OR = 2.14, 
95% CI = 1.24–3.70, P = 0.02; I2 = 19%, P = 0.27; CC versus CT+TT: OR = 2.04, 95% CI = 1.29–3.24, P = 
0.002; I2 = 0%, P = 0.35).

Conclusions: The current meta-analysis suggests that the TGF-β1 -509C/T polymorphism is not associated with 
KD susceptibility. High-quality and large-scale studies are needed to validate our findings.
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Lay summary

Keloid scars are thick and lumpy scars that behave almost like tumours. They grow, are unsightly and 
itchy, and difficult to treat as they can get worse after attempts at treating them. This article reviews the 
scientific evidence for a link between a certain gene variation, specifically `509C/T polymorphism in the 
TGF-β1 gene’. After an extensive scientific database search, five studies were found, and no significant 
association was detected between the TGF-β1 -509C/T polymorphism and Keloid scarring. High quality 
and large-scale studies are needed to validate our findings.

Introduction
Keloid disease (KD) is an aggressively raised der-
mal lesion resulting from abnormal wound heal-
ing processes following skin trauma, surgery, burn 
injury, vaccination and even acne. Unlike hyper-
trophic scars, in which the raised dermal lesion 
stay within the confines of the initial wound, 
keloid scars grow beyond the margin of the origi-
nal wound.1 The exact aetiology of KD is still 
unknown. In the general population, the inci-
dence of KD was reported to be 4–6%, while in 
different ethnically defined patient populations it 
reached up to 20%.2 Familial inheritance, paral-
lelism in twins and mutation in certain genes or 
chromosomal regions such as p53, TGF-β, SMAD, 
HLA, 2q23, 18q21.1 and 19q13.1 are suggested to 
be risk factors to the development of KD.3

Pathological findings of KD include over pro-
liferation of fibroblasts, excessive deposition of 
collagen, elastin and proteoglycans in the extra-
cellular matrix (ECM). Fibroblast dysfunction has 
been commonly thought to contribute to the 
pathogenesis of KD.4 Transforming growth factor-
beta (TGF-β) family members play an important 
role in cell proliferation, apoptosis and differen-
tiation. In particular, TGF-β1, a cytokine encoded 
by the TGF-β1 gene located on chromosome 
19q13.1, is one of the most frequently studied 
among many cytokines which may be responsible 
for KD formation.5,6 Studies have shown that 
keloid-derived fibroblasts demonstrated over-pro-
duction of TGF-β1 compared with fibroblasts iso-
lated from normal wound tissue.7,8

TGF-β1 plays such a key role in the biological 
function of fibroblasts that any irregularity of this 
cytokine caused by gene polymorphism or muta-
tion at gene level may lead to the development of 
KD. There are several polymorphisms in the 
TGF-β1 gene like -988C/A, -800G/A and 
-509C/T in the promoter region, Arg25Pro 
and Leu10Pro in exon 1 and Thr263Ile in  
exon 5.9,10 Among them, -509C/T of TGF-β1, 
which is also designated as rs1800469, has  
been confirmed to influence the transitional 

activity of TGF-β1. Currently, many studies have 
been conducted to investigate the association 
between the -509C/T polymorphism in the 
TGF-β1 gene and susceptibility to KD, but  
the results remain inconsistent. The object of 
the present study is to combine those relevant 
studies published to date and assess the rela-
tionship between KD susceptibility and the 
-509C/T polymorphism in the TGF-β1 gene.

Methods

Literature search
A relevant literature search was performed 
according to the PRISMA (Preferred Reporting 
Items for Systematic reviews and Meta-analysis) 
guidelines.11 The PubMed, Embase and CNKI 
databases were searched using a combination of 
the Medical Subject Headings (MeSH) and rele-
vant words in the title. The MeSH used were 
‘Keloid’ and ‘Transforming growth factor beta1’ 
and ‘Polymorphism, Single Nucleotide’. The rel-
evant words in the title included ‘keloid’, 
‘keloids’, ‘transforming growth factor’, ‘TGF-
beta1’, ‘TGF-β1’, ‘polymorphism’, ‘association’ 
and ‘genetic’. Additional studies were acquired 
through a hand search of the reference lists of 
related articles and existing reviews. The search 
was performed in February 2017 and no limit was 
applied to the study language. All retrieved 
records were added to an EndNote (Version X5, 
Thomson Reuters, New York, NY, USA) library.

Study selection
Studies were included in our meta-analysis if they 
met the following criteria: (1) original research 
study, i.e. not a review or a comment; (2) case-
control study including KD cases and healthy 
controls; (3) studies that assessed the relation-
ship between KD susceptibility and the 509C/T 
polymorphism in the TGF-β1 gene; (4) healthy 
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controls were in Hard–Weinberg equilibrium 
(HWE); and (5) data of allele frequency and gen-
otype frequency were sufficient for meta-analysis. 
Studies were excluded if they were: (1) reviews, 
letters, case reports, editorials, comments, stud-
ies on animals or cells; (2) studies without healthy 
controls; (3) healthy controls were not in HWE; 
and (4) studies without sufficient allele and gen-
otype data for extraction.

Data extraction
The following information was extracted: first 
author, year of publication, study design, number 
of cases and controls, DNA extraction method, 
allele frequency, genotype frequency, HWE for 
healthy controls. Two reviewers independently 
proceeded the data extraction and inconsistency 
was resolved following a discussion.

Quality assessment
The quality assessment of the finally included stud-
ies was assessed by two reviewers independently 
based on the Newcastle–Ottawa scale (NOS) qual-
ity scoring system. This quality score system 
includes three broad perspectives: ‘Selection’, 
‘Comparability’ and ‘Exposure’. The overall scores 
are in the range of 0–9 and studies with scores of 
0–3, 4–6 and 7–9 are identified as being of a low, 
moderate and high quality, respectively. Any incon-
sistency of quality assessment was resolved by dis-
cussion and consultation with a third reviewer.

Data analysis
Odds ratio (OR) and 95% confidence interval 
(CI) were calculated to evaluate the association 
between KD susceptibility and the -509C/T poly-
morphism in the TGF-β1 gene. The Chi-squared 
test was used for quantification of statistical 
inconsistency between studies and I2 values 
showed the degree of heterogeneity. Data with 
significant heterogeneity (P ⩽ 0.1 and I2 ⩾ 50%) 
were combined using a random effects model, 
while data without significant heterogeneity (P > 
0.1 and I2 < 50%) were combined using a fixed 
effects model. The differences between sub-
groups were further tested, and a value of P < 
0.05 was considered statistically significant. The 
following five genetic models were applied for 
meta-analysis of the TGF-β1 -509C/T polymor-
phism: allele comparison (C versus T); heterozy-
gote comparison (CT versus TT); homozygote 
comparison (CC versus TT); the dominant model 
(CC+CT versus TT); and the recessive model 

(CC versus CT+TT). The Chi-squared test was 
used to evaluate the HWE for healthy controls. 
Subgroup analyses were conducted based on 
DNA extraction method, participant race, NOS 
score and study size. Egger’s linear regression 
test were used to assess the publication bias. 
Analyses were performed with STATA 12.0.

Results

Literature search
A total of 19 studies were originally retrieved 
through database search and two studies were 
acquired through cross-reference search. 
Eighteen studies remained after the removal of 
duplicates. Twelve studies, including non-
genetic studies, experimental studies on cells 
and studies not about the TGF-β1 -509C/T pol-
ymorphism, were excluded. Full texts of the 
remaining six studies were then reviewed for 
eligibility. One study was further excluded 
because of imprecise definition of KD in the 
study. As a result, five studies were pooled in 
the overall analysis. The process of study selec-
tion and the reasons for exclusion are shown in 
Figure 1.

Study characteristics
A total of 564 keloid cases and 620 healthy  
controls were included in the five case-control 
studies.10,12–15 The publishing years ranged 
from 2003 to 2015. Two of the five studies were 
conducted in Chinese populations and the 
remaining three studies were conducted in 
Caucasian, Malay and Polish populations, 
respectively. All studies involved case groups 
and control groups. All control groups of the 
five studies fulfilled the HWE. Polymerase chain 
reaction-restriction fragment length polymor-
phism (PCR-RFLP) was used in all five studies to 
identify the -509C/T polymorphism of TGF-β1. 
The scores of NOS were in the range of 5–8. 
Three studies were identified as being of a high 
quality and two studies were identified as being 
of a moderate quality. The characteristics and 
methodological quality of the five included stud-
ies are shown in Table 1. The risk allele and geno-
type frequency are shown in Table 2.

Overall and subgroup meta-analyses
The results of overall and subgroup meta-analy-
ses were summarised in Table 3. For the overall 
analysis, no significant association was detected 
between the TGF-β1 -509C/T polymorphism 
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and KD under all five genetic models. Significant 
heterogeneity was found under three genetic 
models (allele comparison: C versus T; 

homozygote model: CC versus TT; recessive 
model: CC versus CT+TT), while homogeneity 
was found under two genetic models (heterozy-
gote model: CT versus TT; dominant model: 
CC+CT versus TT).

When stratified by DNA extraction method, 
participant ethnicity and group size, no signifi-
cant association was detected between the TGF-β1 
-509C/T polymorphism and KD under all five 
genetic models in any one of the subgroups. 
When stratified by study quality based on NOS 
scores, in studies being identified as high quality, 
significant association was found under allele 
comparison and homozygote model (C versus T: 
OR = 0.80, 95% CI = 0.65–0.98, P = 0.03; I2 = 
0%, P = 0.64; CC versus TT: OR = 0.62, 95% CI 
= 0.41–0.94, P = 0.02; I2 = 0%, P = 0.79) (Figures 
2 and 3); while in studies being identified as mod-
erate quality, significant association was found 
under allele comparison, homozygote model and 
recessive model (C versus T: OR = 1.52, 95% CI 
= 1.15–2.01, P = 0.004; I2 = 39%, P = 0.20; CC 
versus TT: OR = 2.14, 95% CI = 1.24–3.70, P = 
0.02; I2 = 19%, P = 0.27; CC versus CT+TT: OR 
= 2.04, 95% CI = 1.29–3.24, P = 0.002; I2 = 0%, 
P = 0.35) (Figures 2–4).

Table 1. Characteristics and methodological quality.

Author and year Ethnicity Type Group size 
(cases/controls)

Control SNP 
Detection

DNA source Quality

Bayat (2003)10 Caucasian Case-control 100/200 CC PCR-RFLP Blood 7/9

Emami (2012)12 Malay Case-control 100/100 CC PCR-RFLP Blood 7/9

Kulawczuk (2014)13 Polish Case-control 36/37 HC PCR-RFLP Mucosa 5/9

Song (2014)14 Chinese Case-control 169/119 CC PCR-RFLP Blood 8/9

Xie (2015)15 Chinese Case-control 159/164 HC PCR-RFLP Blood 6/9

CC, community control; HC, hospital control; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism SNP, single nucleo-
tide polymorphism.

Table 2. Allele and genotype frequency.

Author and year Cases Controls HWE test

 No. C T CC CT TT No. C T CC CT TT χ2 P value

Bayat (2003)10 100 130 70 46 38 16 200 272 128 94 84 22 0.244 0.621

Emami (2012)12 100 110 90 30 50 20 100 118 82 35 48 17 0.006 0.937

Kulawczuk (2014)13  36  50 22 18 14 4 37 37 37 9 19 9 0.027 0.869

Song (2014)14 169 155 183 38 79 52 119 130 108 39 52 28 1.672 0.196

Xie (2015)15 159 156 162 46 64 49 164 134 194 30 74 60 0.721 0.396

HWE, Hardy–Weinberg equilibrium.

Figure 1. Process of study selection and the reasons for 
exclusion.
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Table 3. Overall and subgroup meta-analyses.

Genetic models 
and subgroups 

Studies (n) Association Heterogeneity Model of 
meta-analysis 

Publication 
bias (P)

OR (95% CI) P value I2 (%) P value

C vs. T 5 1.00 (0.85–1.18) 0.99 74 0.004 Random 0.458

Chinese 2 1.01 (0.81–1.27) 0.91 88 0.003 Random

Non-Chinese 3 0.99 (0.77–1.26) 0.91 71 0.03 Random

Group size ⩾ 200 4 0.95 (0.80–1.13) 0.54 68 0.02 Random

Group size < 200 1 NA NA NA NA NA

DNA from blood 4 0.95 (0.80–1.13) 0.54 68 0.02 Random

DNA from mucosa 1 NA NA NA NA NA

High quality 3 0.80 (0.65–0.98) 0.03 0 0.64 Fixed

Moderate quality 2 1.52 (1.15–2.01) 0.004 39 0.2 Fixed

CT vs. TT 5 0.90 (0.67–1.22) 0.5 0 0.7 Fixed 0.757

Chinese 2 0.95 (0.65–1.38) 0.78 0 0.51 Fixed

Non-Chinese 3 0.83 (0.51–1.36) 0.46 0 0.45 Fixed

Group size ⩾ 200 4 0.87 (0.64–1.19) 0.39 0 0.71 Fixed

Group size < 200 1 NA NA NA NA NA

DNA from blood 4 0.87 (0.64–1.19) 0.39 0 0.71 Fixed

DNA from mucosa 1 NA NA NA NA NA

High quality 3 0.78 (0.52–1.15) 0.21 0 0.79 Fixed

Moderate quality 2 1.12 (0.70–1.79) 0.64 0 0.55 Fixed

CC vs. TT 5 0.90 (0.67–1.22) 0.91 72 0.007 Random 0.573

Chinese 2 1.00 (0.29–3.48) 1 88 0.004 Random

Non-Chinese 3 1.08 (0.43–2.72) 0.87 65 0.06 Random

Group size ⩾ 200 4 0.85 (0.46–1.57) 0.6 68 0.02 Random

Group size < 200 1 NA NA NA NA NA

DNA from blood 4 0.85 (0.46–1.57) 0.6 68 0.02 Random

DNA from mucosa 1 NA NA NA NA NA

High quality 3 0.62 (0.41–0.94) 0.02 0 0.79 Fixed

Moderate quality 2 2.14 (1.24–3.70) 0.02 19 0.27 Fixed

CC+CT vs. TT 5 0.95 (0.72–1.25) 0.69 40 0.15 Fixed 0.739

Chinese 2 0.99 (0.70–1.40) 0.94 67 0.08 Random

Non-Chinese 3 0.87 (0.55–1.39) 0.57 42 0.18 Fixed

Group size ⩾ 200 4 0.90 (0.67–1.19) 0.45 29 0.24 Fixed

 (Continued)
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Figure 2. Subgroup analyses based on study quality under allele comparison (C vs. T).

Genetic models 
and subgroups 

Studies (n) Association Heterogeneity Model of 
meta-analysis 

Publication 
bias (P)

OR (95% CI) P value I2 (%) P value

Group size < 200 1 NA NA NA NA NA

DNA from blood 4 0.90 (0.67–1.19) 0.45 29 0.24 Fixed

DNA from mucosa 1 NA NA NA NA NA

High quality 3 0.71 (0.49–1.02) 0.07 0 0.89 Fixed

Moderate quality 2 1.41 (0.91–2.17) 0.12 0 0.32 Fixed

CC vs. CT+TT 5 1.05 (0.82–1.35) 0.71 72 0.007 Random 0.372

Chinese 2 1.05 (0.73–1.51) 0.79 89 0.003 Random

Non-Chinese 3 1.05 (0.74–1.48) 0.79 64 0.06 Random

Group size ⩾ 200 4 0.97 (0.75–1.26) 0.81 68 0.03 Random

Group size < 200 1 NA NA NA NA NA

DNA from blood 4 0.97 (0.75–1.26) 0.81 68 0.03 Random

DNA from mucosa 1 NA NA NA NA NA

High quality 3 0.78 (0.57–1.06) 0.11 0 0.42 Fixed

Moderate quality 2 2.04 (1.29–3.24) 0.002 0 0.35 Fixed

NA, not available.

Table 3. (Continued)



Tu et al. 7

Meta-regression
As shown in Table 4, results from meta-regression 
indicated that study quality based on NOS was 
considered as the source of heterogeneity under 
allele comparison, homozygote model and reces-
sive model (C versus T: P = 0.037; CC versus TT: 
P = 0.039; CC versus CT+TT: P = 0.042).

Publication bias
Publication bias was evaluated using Egger’s lin-
ear regression. No significant publication bias 
was detected under all five genetic models, as 
shown in Table 3.

Discussion
There is much speculation regarding a genetic 
basis of KD. Autosomal recessive expression was 
reported by Omo-Dare,16 while in the studies of 
Bloom, Marneros et  al., Chen et  al. and Clark 
et  al., autosomal dominant expression was sug-
gested.17–20 Studies have shown that a positive 
family history of KD may contribute to the devel-
opment of multiple-site keloids or more severe 
forms of keloids.21 Mutations or polymorphisms 
of genes or chromosomal regions that may be 
associated with the susceptibility to KD have been 
widely investigated.22–26 However, several limita-
tions existed in those genetic studies. First, many 

of those studies were case reports, letters or cor-
respondence. Small group sizes or lack of healthy 
controls made the data of allele and genotype 
insufficient for pooled analysis. The occurrence 
of KD is often associated with other genetic disor-
ders and no standard criteria were applied for 
the inclusion of individuals with KD in those 
genetic studies. Moreover, those genes selected 
for mutation or polymorphism study were so scat-
tered and not systemised that it was difficult to 
draw conclusions about the genetics of KD.

Pathologically, different kinds of scars can be 
formed after dermal injuries, such as scarless 
fetal wound healing, linear scars, stretched scars, 
scar contractures, atrophic scars, hypertrophic 
scars and keloids.27 A normal wound-healing pro-
cess is composed of three distinct yet overlapping 
phases: inflammatory phase; proliferative phase; 
and scar maturation phase.28 Keloids form as a 
result of an abnormal wound-healing process 
and grow beyond the boundaries of the original 
wound.29 Studies have shown that excessive depo-
sition of ECM components during the scar matu-
ration phase is a key feature of KD.4 Identifying 
the genetic predisposition that closely correlated 
to abnormalities of ECM components would help 
to elucidate the mechanisms underlying the 
development of KD.

It is well-known that the TGF-β family plays 
an important role in the process of wound heal-
ing via its multi-directional regulation of ECM 

Figure 3. Subgroup analyses based on study quality under homozygote model (CC vs. TT).
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synthesis.5 Many genetic studies have been con-
ducted to investigate the mutations or polymor-
phisms in the TGF-β1 gene that may be responsible 
for the development of KD. Bayat et al. conducted 
a case-control study to investigate the association 
of five known single nucleotide polymorphisms 
(SNP) of TGF-β1 (codons 10, 25, 263 and -800G/A, 
-509C/T) and susceptibility to KD. No statistical 
significance for both alleles and genotypes of 
those TGF-β1 SNP were found in their study.10 
Emami et al. also found no statistically significant 
difference in both allele and genotype frequency 
distributions between KD patients and healthy 
controls for c.29T/C and -509C/T of TGF-β1 in a 
Malay population.12 However, Kulawczuk et  al. 
found in their study that the presence of allele T 
(i.e. CT or TT genotype) of TGF-β1 -509C/T was 
related to a significantly lower risk of KD in a 

Polish population (OR = 0.321, 95% CI = 0.119–
0.870, P = 0.03).13 There were two studies on the 
relationship between the TGF-β1 -509C/T poly-
morphism and susceptibility to KD in a Chinese 
population. Song et al. found that Chinese indi-
viduals with allele C (i.e. CT or CC genotype) of 
TGF-β1 -509C/T had a significantly higher risk of 
developing KD (OR = 1.421, 95% CI = 1.109–
1.983, P < 0.05).14 Slightly different from that, 
Xie et al. suggested that CC genotype of TGF-β1 
-509C/T significantly increased the risk for the 
development of KD in Chinese population (OR 
= 1.818, 95% CI = 1.077–3.070, P < 0.05).15 As 
above, the results of these genetic studies of the 
TGF-β1 -509C/T polymorphism in KD remain 
inconsistent.

Our current meta-analysis of five studies 
showed that the TGF-β1 -509C/T polymorphism 

Table 4. Meta-regression analyses (P value).

Genetic model Ethnicity Group size DNA source Study quality

C vs. T 0.812 0.55 0.144 0.037

CT vs. TT 0.692 0.691 0.434 0.328

CC vs. TT 0.899 0.564 0.17 0.039

CC+CT vs. TT 0.927 0.587 0.226 0.101

CC vs. CT+TT 0.818 0.644 0.183 0.042

Figure 4. Subgroup analyses based on study quality under recessive model (CC vs. CT+TT).
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was not associated with the susceptibility to KD. 
Meta-regression was used to explore the source 
of heterogeneity under three of the five genetic 
models (allele comparison: C versus T; homozy-
gote model: CC versus TT; recessive model: CC 
versus CT+TT) and it was found that the study 
quality might be the effect modifiers for hetero-
geneity under the three genetic models. 
Stratified analyses based on study quality low-
ered the heterogeneity. Among the three studies 
being identified as high quality, significant asso-
ciation was found under allele comparison and 
homozygote model (C versus T: OR = 0.80, 95% 
CI = 0.65–0.98, P = 0.03; I2 = 0%, P = 0.64; CC 
versus TT: OR = 0.62, 95% CI = 0.41–0.94, P = 
0.02; I2 = 0%, P = 0.79) between individuals 
with KD and healthy controls. Among the two 
studies being identified as moderate quality, we 
found that in the study by Kulawczuk et  al., 
patients enrolled in their case group and control 
group both suffered from cardiac diseases and 
consequently underwent cardiac surgery.13 
Likewise, in the study by Xie et al., the individu-
als in their control group were those patients 
with healthy scars after surgery.14 The potential 
selection biases for cases or controls in the two 
studies lowered the final scores of NOS. Although 
significant association was found under allele 
comparison, homozygote model and recessive 
model (C versus T: OR = 1.52, 95% CI = 1.15–
2.01, P = 0.004; I2 = 39%, P = 0.20; CC versus 
TT: OR = 2.27, 95% CI = 1.12–4.58, P = 0.02; I2 
= 19%, P = 0.27; CC versus CT+TT: OR = 2.04, 
95% CI = 1.29–3.24, P = 0.002; I2 = 0%, P = 
0.35) in the two studies without significant het-
erogeneity, showing an OR opposite to that of 
high-quality studies, we assumed it to be practi-
cally meaningless due to unknown geographic 
differences or co-morbidity-related genetic back-
ground differences that could not be evaluated 
in the meta-analyses.

The current meta-analysis, however, has some 
limitations. For instance, only five studies were 
finally included for the pooled analysis. Two stud-
ies were conducted in Chinese populations and 
the three other studies were conducted in 
Caucasian, Malay and Polish populations, respec-
tively. It was quite insufficient for the subgroup 
analysis based on ethnicity. Although publication 
bias was not observed among the five studies, lim-
ited numbers of enrolled studies weakened the 
strength of statistical evidence. Moreover, oppo-
site results of OR were observed among high-
quality studies and moderate-quality studies. 
Apparently, it could not be merely explained by 
the selection biases for cases and controls in 
moderate-quality studies.

In conclusion, the current meta-analysis sug-
gests that the TGF-β1 -509C/T polymorphism is 
not associated with KD susceptibility. High-quality 
and large-scale studies are needed to validate our 
findings.
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