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Previous studies showed that DEFB1 gene polymorphisms may impact the development and progression of
periodontitis; nevertheless, inconsistent conclusions were described. This study meta-analytically explored the
association between periodontitis the DEFB71 gene polymorphisms and periodontitis. We searched PubMed,
Embase, Springer and Cochrane Library for the relevant case-control studies of periodontitis up to February
13, 2019. Two reviewers selected studies according to the predefined inclusion and exclusion criteria. Newcas-
tle-Ottawa Scale (NOS) was used to assess the quality of studies, and the combined effect size was calculated
using R 3.12 software. A total of 9 studies involving 4113 patients and 2373 controls were included. Meta-anal-
ysis of DEFB1-G1654A gene polymorphisms showed that there were significant differences in model A vs.
G (OR = 3.7876, 95%CI = 2.9051-4.9382, P < 0.001), AA vs. GG (OR = 4.6743, 95%CI = 3.0900-7.0710, P <
0.001), AA vs.GG + AG (OR = 3.5131, 95%CI = 2.4496-5.0384, P < 0.001), AA + AG vs. GG (OR = 4.3087,
95%Cl = 2.8827-6.4402, P < 0.001) and AG vs. GG (OR = 3.0639, 95%Cl = 1.6804-5.5863, P = 0.003). However,
no significant differences were found between DEFB1 rs11362, rs1799946 and rs1800972 and periodontitis.
Sensitivity analysis implied that our results were robust and no publication bias was noticed. Our meta-analysis

showed that the DEFB1-G1654A polymorphism may be a genetic susceptibility factor for periodontitis.

1. Introduction

Periodontitis is a destructive periodontal disease, which is charac-
terized by microbially associated and host-mediated inflammation
(Slots 2017; Tonetti et al. 2018). Currently, two principal forms of
periodontitis have been recognized, chronic periodontitis (CP) and
aggressive periodontitis (Papapanou and Susin 2017). It mainly
manifests in the formation of periodontal pockets, loss of attach-
ment, alveolar bone resorption, and ultimately the loss of teeth. This
disease may start in childhood or adolescence (Botero et al. 2015),
but frequently debuts in early adulthood (Baelum and Lopez 2013).
It has been well acknowledged that bacteria on plaque biofilm are
the initiating factors of periodontitis (Ji et al. 2015; Larsen and Fiehn
2017). However, the inflammatory and immune responses of the
host caused by bacteria are the decisive factors of periodontal tissue
destruction (Hajishengallis 2015). Periodontitis is a multifactorial
disease associated with environmental and genetic factors (da Silva
etal. 2017). Changes in genetic factors are the basis of host response
to disease (Chu et al. 2010; Stabholz et al. 2010). The gene polymor-
phisms of inflammatory factors may interfere with gene expression
of important immune defense mediators, thus regulating the immune
response of individuals (Laine et al. 2010).

Human B-defensin 1 (hBD-1), constitutively presented in the oral
mucosa, is a small (36 amino acid) peptide that plays critical roles in
the host innate defense (Weinberg et al. 1998). It has been reported
that hBD-1 contributes to a broad spectrum antimicrobial activity
including against viruses, fungi, gram negative and positive bacteria
(Weinberg et al. 1998). DEFBI is one of the different single nucle-
otide polymorphisms (SNPs) within the hBD-1 encoding gene. It
affects peptide expression of hBD-1 at 5° untranslated region (UTR)
of DEFBI at g.-52G>A (rs1799946), g.-44C>G (rs1800972) and
2.-20G>A (rs11362) (Prado-Montes de Oca 2010). Recently, an
increasing number of studies have been focused on the associa-
tion between DEFBI and periodontitis, however, some results are
inconsistent. For example, previous studies suggested that DEFBI

390

is associated with chronic and aggressive periodontitis among Euro-
pean Caucasian patients and Japanese patients (Ikuta et al. 2015;
Schaefer et al. 2010), but not in North American whites (Ozturk et
al. 2010; Wohlfahrt et al. 2006). In addition, these studies are almost
limited in sample size of individuals, and there are also differences
in population ethnicity.

To address the above problems, in the present study, we system-
atically searched and assessed the case-control studies exploring
the association between the common promoter DEFBI-G1654,
1s11362, rs1799946 and rs1800972 polymorphism and the suscep-
tibility of periodontitis. We aimed at providing more improved

Search in PubMed (22), Embase (29),Cochrane
Library (2), Springer (108)

|

| Articles after duplicates removed (n=148) |

Articles excluded:

Obvious irrelevance (n=121)

I Articles full-text reviewed (n=27) |

Articles excluded (n=7):
3 letter/editorial/comment;

4 case series/ report

I Articles full-text reviewed (n=20) ‘

Articles excluded (n=11): 3
review; 6 cannot extract data;
2 duplicated populations.

I Articles included for Meta-analysis (n=9)

Fig. 1: Literature search and study selection
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Group=Avs. G i
Loo WT 2012 65 88 88 216 —F— 411 [238; 7.11] 8.9% 9.1%
Tian Y 2013 174 244 428 1064 -5 3.69 [2.73; 5.00] 30.7% 29.6%
Fixed effect model 332 1280 < 3.79 [2.91; 4.94] 39.7% -
Random effects model < 3.79 [2.91; 4.94] - 38.7%
eterogeneity: /2 = 0%, 7= 0, p = 0.7
Group = AA vs. GG
Loo WT 2012 30 39 38 9% —+—— 5.09 [2.17;11.90]  3.4% 3.8%
Tian Y 2013 79 106 187 478 —#®— 455 [2.83; 7.31] 11.6% 12.1%
Fixed effect model 145 574 - 4.67 [3.09; 7.07] 15.0% -
Random effects model <= 467 [3.09; 7.07] -~ 15.9%
eterogeneity: /2 = 0%, <2 = 0, p = 0.82
Group = AA vs.GG+AG
Loo WT 2012 30 44 38 108 —+—— 3.95 [1.87; 8.33] 4.7% 4.9%
Tian Y 2013 79 122 187 532 —a— 3.39 [2.25; 5.12] 16.5% 16.1%
Fixed effect model 166 640 o 3.51 [2.45; 5.04] 21.2% -
Random effects model e 3.51 [2.45; 5.04] - 20.9%
eterogeneity: 1° = 0 0,p=073
Group = AA+AG vs.GG
Loo WT 2012 35 44 50 108 ——— 4.51[1.98;10.29] 4.0% 4.0%
Tian Y 2013 95 122 241 532 — 4.25 [2.68; 6.73] 13.4% 12.9%
Fixed effect model 166 640 <= 431 [288; 6.44] 17.3% -
Random effects model - 4.31 [2.88; 6.44] - 16.9%
eterogeneity: 17 = 0%, 7* = 0, 1
Group = AG vs. GG
Loo WT 2012 5 14 12 70 2.69 [0.76; 9.44] 1.7% 1.7%
Tian Y 2013 16 43 54 345 — 3.19 [1.61; 6.32] 5.0% 5.8%
Fixed effect model 57 415 - 3.06 [1.68; 559] 6.8% -
Random effects model e 3.07 [1.68; 5.60] - 7.6%
eterogeneity: /° = 0%, <= 0, p = 0.81
T T T 1
0.1 05 1 2 10
Fig. 2: Meta-analysis of DEFB1-G1654A
Experimental Control Weight  Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Group=Avs. G
Ikuta T 2013 59 124 38 86 i 1.15 [0.66; 1.99] 1.1% 3.3%
Ozturk A 2010 67 168 163 406 -1 0.99 [0.69; 1.43] 2.6% 4.2%
Rayanne SADMD 2018 138 232 37 138 i 4.01 [2.53; 6.34] 0.9% 3.7%
Schaefer AS 2009 997 2266 1388 3234 1.04 [0.94; 1.16] 29.4% 5.1%
Wohlfahrt JC 2006 121 274 56 164 — 1.53 [1.02; 2.28] 1.8% 4.0%
Zupin L 2017 346 878 148 310 - 0.71 [0.55; 0.92] 6.1% 4.6%
Fixed effect model 3942 4338 1.08 [0.98; 1.18] 41.9% -
Random effects model 1.28 [0.88; 1.84] - 250%
Heterogeneity: I = 89%, <* = 0.1748, p < 0.01
Group = AA vs. GG
Ikuta T 2013 13 29 9 23 — 1.26 [0.42; 3.84] 0.3% 1.6%
Ozturk A 2010 15 47 36 112 i 0.99 [0.48; 2.05] 0.7% 2.6%
Rayanne SADMD 2018 40 58 6 44 ———— 14.07 [5.05;39.23]  0.1% 1.8%
Schaefer AS 2009 218 572 284 797 1.11 [0.89; 1.39] 6.7% 4.8%
Wohlfahrt JC 2006 29 74 12 50 —— 2.04 [0.92; 4.54] 0.4% 2.4%
Zupin L 2017 76 245 34 7% —] 054 [0.32; 0.92] 1.6% 3.4%
Fixed effect model 1025 1101 1.18 [0.98; 1.41] 9.8% -
Random effects = 1.53 [0.80; 2.93] - 165%
feterogeneity: / ?= 0.01
Group = AA vs.GG+AG
Ikuta T 2013 13 62 9 43 — 1.00 [0.39; 2.61] 0.4% 1.9%
Ozturk A 2010 15 84 36 203 1.01 [0.52; 1.96] 0.8% 2.9%
Rayanne SADMD 2018 40 116 6 69 — 5.53 [2.20;13.88]  0.2% 2.0%
Schaefer AS 2009 218 1133 284 1617 1.12 [0.92; 1.36] 8.7% 4.9%
Wohlfahrt JC 2006 29 137 12 82 i 1.67 [0.75; 3.27] 0.5% 2.6%
Zupin L 2017 76 439 34 155 —- 0.75 [0.47; 1.17] 1.9% 3.8%
Fixed effect model 1971 2169 ¢ 1.15 [0.98; 1.35] 12.5% -
Random effects model 1.26 [0.84; 1.89] - 18.0%
feterogeneity: /* = 68%, ©* = 0.1528, p < 0.01

Group = AA+AG vs.GG

Ikuta T 2013 46 62 29 43 1 1.39 [0.59; 3.26] 0.4% 2.2%
Ozturk A 2010 52 84 127 203 — 0.97 [0.58; 1.64] 1.3% 3.4%
Rayanne SADMD 2018 98 116 31 69 —_— 6.67 [3.34;13.32]  0.3% 2.7%
Schaefer AS 2009 779 1133 1104 1617 1.02 [0.87; 1.20] 13.0% 5.0%
Wohifahrt JC 2006 92 137 44 82 — 1.77 [1.01; 3.10] 0.8% 3.3%
Zupin L 2017 270 439 114 155 = 0.57 [0.38; 0.86] 3.0% 4.0%
Fixed effect model 1971 2169 1.07 [0.94; 1.23] 18.8% -
Random effects model = 1.38 [0.82; 2.32] - 20.6%

feterogenety: /% = 87%, * =

Group = AG vs. GG

Ikuta T 2013 33 49 20 34 —f— 1.44 [0.58; 3.58] 0.4% 2.0%
Ozturk A 2010 37 69 91 167 — 0.97 [0.55; 1.70] 1.1% 3.3%
Rayanne SADMD 2018 58 76 25 63 — 4.90 [2.36;10.17]  0.3% 2.6%
Schaefer AS 2009 561 915 820 1333 L 0.99 [0.83; 1.18] 11.9% 5.0%
Wohifahrt JC 2006 63 108 32 70 — 1.66 [0.91; 3.05] 0.7% 31%
Zupin L 2017 194 363 80 121 =i 0.59 [0.38; 0.90] 2.6% 3.9%
Fixed effect model 1580 1788 1.04 [0.90; 1.20] 16.9% -
Random effects model > 1.28 [0.81; 2.03] - 19.8%

{eterogeneity: I = 82%, t* = 0.2470, p < 0.01

LI I  —
01 051 2 10

Fig. 3: Meta-analysis of DEFBI-rs11362

accuracy evidence about the functional role of DEFBI genetic
variants in the susceptibility of periodontitis development.

2. Investigations and results

2.1. Study characteristics

The flow chart of the selected literature is shown in Fig. 1. A
total of 161 papers (16 from PubMed, 19 from Embase, 2 from
Cochrane Library and 108 from Springer) were included. After
removing 13 duplicate papers, the 148 studies remained. Among
these, 121 obviously not conforming to the title were excluded,
and 18 papers (3 letter/editorial/comment; 4 case series/report;
3 review; 6 cannot extract data; 2 duplicated populations) were
also excluded. In the end, a total of 9 related studies were included
(Cimoes et al. 2014; Ikuta et al. 2015; Loo et al. 2012; Ozturk et al.
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Group=Avs. G
Ikuta T 2013 51 124 34 86 —_— 1.07 [0.61;1.87] 0.9% 0.9%
Ozturk A 2010 72 182 159 406 —— 1.02 [0.71;1.45] 2.3% 2.3%
Rayanne SADMD 2018 79 190 66 138 —_— 0.78 [0.50; 1.21]  1.7% 1.5%
Schaefer AS 2009 931 2718 1922 5668 1.02 [0.92; 1.12] 31.7% 31.7%
Zupin L 2017 339 878 113 310 —(t— 1.10 [0.84;1.43] 4.0% 4.1%
Fixed effect model 4092 6608 1.01 [0.93; 1.10] 40.6% -
Random effects model 1.01 [0.93; 1.10] - 40.6%
Heterogeneity: /> = 0%, < 078
Group = AAvs. GG
lkuta T 2013 9 29 7 28— 1.03 [0.31;337] 02% 0.2%
Ozturk A 2010 17 53 36 116 _— 1.05 [0.52;2.11] 0.6% 0.6%
Rayanne SADMD 2018 15 46 19 4 ———T 0.56 [0.23;1.34] 0.5% 0.4%
Schaefer AS 2009 159 746 310 1532 -+ 1.07 [0.86;1.32] 6.2% 6.4%
Zupin L 2017 75 250 22 86 — 1.25 [0.72;2.17]  0.9% 1.0%
Fixed effect model 1124 1798 <i 1.05 [0.87;1.27] 8.4% -
Random effects model < 1.05 [0.87; 1.27] - 8.5%
Group = AA vs.GG+AG
Ikuta T 2013 9 62 7 43 0.87 [0.30;2.56] 0.3% 0.3%
Ozturk A 2010 17 91 36 203 —_— 1.07 [0.56; 2.02] 0.7% 0.7%
Rayanne SADMD 2018 15 95 19 69 ————— 049 [0.23;1.06] 0.7% 0.5%
Schaefer AS 2009 159 1359 310 2834 b ot 1.08 [0.88;1.32] 6.9% 7.1%
Zupin L 2017 75 439 22 155 —r— 1.25 [0.74;2.08] 1.0% 1.1%
Fixed effect model 2046 3304 :i 1.05 [0.88; 1.24] 9.6% -
Random effects model 1.03 [0.84; 1.27] - 9.7%
Heterogeneity: I = 8%, =* = 0.0065, p = 0.36
Group = AA+AG vs.GG
lkuta T 2013 42 62 27 43 s 1.24 [0.55;2.81 0.4% 0.4%
Ozturk A 2010 55 91 123 203 e — 0.99 [0.60;1.65] 1.2% 1.2%
Rayanne SADMD 2018 64 95 47 69 —_— 0.97 [0.50;1.88] 0.7% 0.7%
Schaefer AS 2009 772 1359 1612 2834 1.00 [0.87;1.14] 17.5% 17.3%
Zupin L 2017 264 439 91 155 1.06 [0.73;1.54] 2.1% 2.1%
Fixed effect model 2046 3304 1.01 [0.90; 1.13] 21.8% -
Random effects model 1.01 [0.90; 1.13] - 217%
Heterogeneity: /2 = 0% ).
Group = AG vs. GG
Ikuta T 2013 33 53 20 36 s e — 1.32 [0.56;3.12]  0.3% 0.4%
Ozturk A 2010 38 74 87 167 —_— 0.97 [0.56; 1.68] 1.0% 1.0%
Rayanne SADMD 2018 49 80 28 50 s pea— 124 [0.61;254] 0.5% 0.6%
Schaefer AS 2009 613 1200 1302 2524 & 0.98 [0.85;1.12] 15.9% 15.6%
Zupin L 2017 189 364 69 133 1.00 [0.67;1.49] 1.9% 1.9%
Fixed effect model 1771 2910 0.99 [0.88; 1.13] 19.6% -
Random effects model 0.99 [0.88; 1.13] - 19.4%

Heteroge

Fig. 4: Meta-analysis of DEFBI-rs1799946

Experimental Control Weight ~ Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Group=Gvs.C
Ikuta T 2013 12 124 14 86 0.55 [0.24; 1.26] 0.7% 1.6%
Ozturk A 2010 37 186 72 406 e 1.15 [0.74; 1.79] 1.7% 4.4%
Rayanne SADMD 2018 35 232 35 190 — 0.79 [0.47; 1.31] 1.5% 3.5%
Schaefer AS 2009 578 2720 1319 5652 0.89 [0.79; 0.99] 31.1% 12.3%
Zupin L 2017 201 878 50 310 Bl 154 [1.10; 217]  2.6% 6.1%
Cimoes R 2014 29 88 20 68 1.18 [0.59; 2.34]  0.7% 2.2%
Fixed effect model 4228 6712 0.94 [0.85; 1.04] 38.3% -
Random effects model 1.01 [0.78; 1.31] - 301%
Heterogeneity: /> = 60%, t* = 0.0532, p = 0.03
Group = GC vs. CC
Ikuta T 2013 8 60 14 43 —— 0.32 [0.12; 0.85] 0.7% 1.2%
Ozturk A 2010 29 89 60 197 o o 1.10 [0.64; 1.89] 1.2% 3.3%
Rayanne SADMD 2018 25 11 25 90 i 0.76 [0.40; 1.44] 1.0% 2.5%
Schaefer AS 2009 472 1307 1027 2680 0.91 [0.79; 1.04] 19.8% 11.5%
Zupin L 2017 145 411 40 150 150 [0.99; 227] 1.7% 4.8%
Cimoes R 2014 15 37 12 30 1.02 [0.38; 2.73] 0.4% 1.2%
Fixed effect model 2015 3190 0.94 [0.83; 1.06] 24.7% -
Random effects 0.95 [0.71; 1.28] - 245%
Group = GG vs. CC
Ikuta T 2013 2 54 0 29 ———— 2.81[0.13;60.50] 0.0% 0.1%
Ozturk A 2010 4 64 6 143 s 152 [0.41; 559] 0.2% 0.7%
Rayanne SADMD 2018 5 91 5 70 — 0.76 [0.21; 272]  0.2% 0.7%
Schaefer AS 2009 53 888 146 1799 - 0.72 [0.52; 0.99] 4.2% 6.4%
Zupin L 2017 28 294 5 115 —— 2.32 [0.87; 6.15] 0.3% 1.2%
Cimoes R 2014 7 29 4 22 —_—— 1.43 [0.36; 5.68] 0.2% 0.6%
Fixed effect model 1420 2178 0.87 [0.66; 1.15] 5.1% -
Random effects model > 1.07 [0.66; 1.75] - 9.8%
Hete 1% =299 2
Group = GG vs.CC+GC
Ikuta T 2013 2 62 0 43 ——f————— 360 [0.17,76.77]  0.0% 0.1%
Ozturk A 2010 4 93 6 203 i 1.48 [0.41; 5.36] 0.2% 0.7%
Rayanne SADMD 2018 5 116 5 95 — 0.81 [0.23; 2.89] 0.2% 0.7%
Schaefer AS 2009 53 1360 146 2826 - 0.74 [0.54; 1.03] 4.2% 6.5%
Zupin L 2017 28 439 5 155 —— 204 [0.77; 539] 0.3% 1.2%
Cimoes R 2014 7 44 4 34 o 1.42 [0.38; 531] 0.2% 0.7%
Fixed effect model 2114 3356 < 0.89 [0.68; 1.17] 5.1% -
Random effects model 1.00 [0.67; 1.50] - 9.9%
Heterogeneity: /> = 15%, * = 0.0464, p = 0.32
Group = GG+GC vs.CC
Ikuta T 2013 10 62 14 43 — 0.40 [0.16; 1.01] 0.6% 1.3%
Ozturk A 2010 33 93 66 203 - 1.14 [0.68; 1.91] 1.2% 3.5%
Rayanne SADMD 2018 30 116 30 95 b 0.76 [0.41; 1.38] 1.1% 2.8%
Schaefer AS 2009 525 1360 1173 2826 0.89 [0.78; 1.01] 21.6% 1.7%
Zupin L 2017 173 439 45 155 — 159 [1.07; 2.36] 1.9% 5.1%
Cimoes R 2014 22 44 16 34 1.12 [0.46; 2.76] 0.4% 1.4%
Fixed effect model 2114 3356 0.93 [0.83; 1.05] 26.8% -
Random effects model 0.98 [0.73; 1.32] - 25.7%

Heterogeneit

58%, t* = 0.0687

01 0512 10

Fig. 5: Meta-analysis of DEFBI-rs1800972

2010; Schaefer et al. 2010; Soraia Aguiar de Melo Dias et al. 2018;
Tian et al. 2013; Wohlfahrt et al. 2006; Zupin et al. 2017).

The publication years of the studies reaches from 2006 to 2018. The
research areas mainly included the United States, Brazil, Hong Kong,
China, Japan and China. A total of 6486 participants were enrolled,
of which 2373 were periodontitis patients in the case group. There
were three reports of CP patients, with a total of 354 patients in the
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case group and 4113 in the control group. The patients in the control
were all healthy participants. The methods for SNP detection were
mainly RT-PCR and PCR-RFLP. The diagnostic criteria of peri-
odontitis were issued by the American Academy of Periodology in
1999. The probing depth, clinical attachment loss, and bleeding on
probing index were recorded. There were no statistically significant
differences in demographic characteristics, age and gender between
the two groups (Table 1). In addition, the gene distributions of
DEFBI1-G1654A, 1511362, 151799946 and rs1800972 were included
in each literature analysis and are listed Table 2.

The NOS score was 6-9 (Table 1 and supplementary material
available from the authors on request), indicating that the overall
quality of literature was relatively high. According to the results
of HWE test, the others were in accordance with HWE except the
ones by Loo et al. (2012) and Tian et al. (2013).

2.2. Merging quantitative data by meta-analysis

In this paper, different gene models of DEFBI-G1654A, rs11362,
1s1799946 and rs1800972 were analyzed by meta-analysis.
The gene models were listed as following: allele genetic model
(DEFBI-G1654A, A vs. G; 1511362, A vs. G; 151799946, A vs.
G; rs1800972, G vs. C); codominant genetic model (DEFBI-
G1654A, AG vs. GG, AA vs. GG; 1511362, AG vs. GG, AA vs. GG;
1r$1799946, AG vs. GG, AA vs. GG; 151800972, GC vs. CC, GG vs.
CC); recessive genetic model (DEFBI-G1654A, AA vs. GG+AG;
rs11362, AA vs. GG+AG; rs1799946, AA vs. GG+AG; rs1800972,
GG vs. CC+GC); and dominant genetic model (DEFBI-G1654A,
AA+AG vs. GG; 1511362, AA+AG GG; 151799946, AA+AG vs.
GG; 11800972, GG+GC vs. CC).

Firstly, a heterogeneity test was carried out. The appropriate
effect model was selected to calculate the combined effect value
according to the P values and I statistics of Q test. The heteroge-
neity test results showed that there were significant differences in
all models of rs11362, and in G vs. C, GC vs. CC and GG + GC
vs. CC models of rs1800972 gene (P < 0.05, P > 50%). Therefore,
random effect model was used to calculate the combined OR value
and 95% CI. The fixed effect model was used to merge in the rest
other models used (Figs. 2-5 and Table 3).

Meta-analysis of DEFBI-G1654A gene polymorphisms showed
that there were significant differences in model A vs. G (OR =
3.7876, 95%CI = 2.9051-4.9382, P < 0.001), AA vs. GG (OR =
4.6743, 95%CI = 3.0900-7.0710, P < 0.001), AA vs.GG + AG (OR
=3.5131, 95%CI = 2.4496-5.0384, P < 0.001), AA + AG vs. GG
(OR = 4.3087, 95%CI = 2.8827-6.4402, P < 0.001) and AG vs.
GG (OR = 3.0639, 95%CI = 1.6804-5.5863, P = 0.003). These
results implied that DEFB1-G1654A may be a risk factor gene of
the susceptibility of periodontitis (Fig. 2 and Table 3). However,
the results of meta-analysis of rs11362, rs1799946 and rs1800972
gene polymorphisms showed no statistical difference among all
the results (Figs. 3-5 and Table 3). It was proven that rs11362,
181799946 and rs1800972 were not associated with periodontitis.

2.3. Results of publication bias

Publication bias test was performed on all models of DEFBI
gene (G1654A could not be performed with publication bias test
because only two literatures were included). The results showed
that there was no publication bias in all the results, confirming that
our conclusions were reliable (Table 3).

2.4. Results for sensitivity analysis

Sensitivity analysis of all models was analyzed by ignoring
each study. All outcomes were not reversed in DEFBI-G1654A,
rs11362, rs1799946 and rs1800972. The sensitivity analysis
showed that the combined results were stable (data not shown).

3. Discussion

In the present study, we systematically performed a meta-analysis
about the association between DEFBI gene polymorphisms and
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the susceptibility to periodontitis. Our meta-analysis of 9 case-con-
trol studies showed that significant associations were observed in
all models of DEFBI-G1654A including A vs. G, AA vs. GG, AA
v5.GG + AG, AA + AG vs. GG and AG vs. GG. However, no signif-
icant differences were found between DEFBI rs11362, rs1799946
and rs1800972 and periodontitis.

A growing number of studies have confirmed that genetic mutations
are considered as an important risk factor in the pathogenesis of peri-
odontitis (Borba et al. 2019; Cavalla et al. 2018; de Vries et al. 2017),
even though the inherited risk variants have fundamentally remained
unsolved. In addition, periodontitis has been well-acknowledged as
an inflammatory disease. hBD-1 is constitutively expressed in the
oral mucosa, playing imperative roles in the antimicrobial activities
including against viruses, fungi, gram negative and positive bacteria
(Weinberg et al. 1998). DEFB1 was the first defensin to be revealed
and is one of the different SNPs within the hBD-1 encoding gene.
Not surprisingly, DEFB1 also displays broad-spectrum activities
against infectious agents (Wilson et al. 2014). DEFB1 has been
reported to be expressed in numerous cell types, including immune
cells and epithelial cells (Carter et al. 2010; Huang et al. 2015). More
importantly, DEFBI1 is not only expressed in the health body but also
under specific conditions, such as in inflammation (Andresen et al.
2011; Huang et al. 2015). Consequently, DEFBI gene and its poly-
morphisms are linked to the human health (Casalicchio et al. 2014).
Currently, there are several studies supporting that DEFBI gene and
its polymorphisms function as potential roles in periodontal diseases
(Boniotto et al. 2004; Schaefer et al. 2010; Shao et al. 2019). For
instance, Wohlfahrt et al. (2006) suggested that there was no notice-
able association between DEFBI rs11362 polymorphism and the
risk of severe CP in Caucasians; In addition, a study conducted by
Ozturk et al. (2010) also did not see a significant effect of DEFBI
genetic markers on periodontal disease. Shao et al. (2019) confirmed
that DEFBI 1511362 polymorphism may not be associated with the
risk of CP, either according to unadjusted or adjusted data. Schaefer
et al. (2010) demonstrated that there were no associations between
rs11362, rs1800972 and rs1799946 and CP development. Similarly,
our meta-analysis of nine case-control studies also specified no note-
worthy association between rs11362, rs1800972 and rs1799946 and
the susceptibility of periodontitis. Surprisingly, we found that DEFBI-
G1654 was associated with the risk of periodontitis. In addition to the
reported DEFBI common promoters, this is the first meta-analysis
systematically accomplished to explore the relationship between
DEFBI-G1654 and the risk of periodontitis. In contrast, Zupin et al.
(2017) revealed that rs11362 and rs1800972 SNPs in DEFBI gene
are significantly related to periodontitis. The reason may be heteroge-
neity. In the genetic models we included, the results of the heteroge-
neity test showed that some models had statistical significance. The
possible sources of heterogeneity were as follows: differences caused
by different regions, such as the differences of living habits, living
environment and economic development level; the influence of other
mixed factors, such as gender and age. The strength of our meta-anal-
ysis was that this study was the first meta-analysis exploring the rela-
tionship between DEFBI gene and periodontitis. DEFBI-G1654A
may be a risk factor of development of periodontitis.

However, there were also some deficiencies. Firstly, due to the
incomplete data of some studies and the relatively small number of
studies included, no covariate correction and subgroup analysis were
carried out in this study. They may affect the results of meta-analysis
as potential confounding factors. Secondly, the results of HWE test
showed that G1654A of the control groups in the studies of Tian et
al. (2013) and Loo et al. (2012) were not in accordance with HWE,
indicating that the representativeness of G1654A population was
poor. Thirdly, few publications discussed G1654A, only two studies
could not be included for publication bias test. Forth, only four geno-
types of DEFBI was carried out, and other DEFBI genes was not
considered because of the small number of studies included.

In conclusion, our results showed that DEFBI rs11362, rs1799946
and rs1800972 were not associated with periodontitis, while
DEFBI1-G1654A may be a risk factor gene. However, larger-scale,
high-quality studies or updated meta-analysis with larger sample
size still need to verify our results.
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4. Experimental

4.1. Search strategy and study selection

A systematic search of studies was performed to identify the relevant published papers
addressing the association between DEFB1gene polymorphisms and periodontitis, up
to February 13th, 2019. The databases include PubMed (http://www.ncbi.nlm.nih.gov/
pubmed/), Embase (http://www.embase.com), Springer (https://link.springer.com/)
and Cochrane Library (http://www.cochranelibrary.com/). The search keywords were
listed as following: periodontitis OR “dental arthritis” OR “periodontal inflamma-
tion” OR “Peridentitis” OR “pericementitis”, AND DEFBI OR “B-defensin-1” OR
“hBD-1” OR “Human beta-defensin-1” OR “human beta-defensins-1” OR ‘“Human
B-defensin 1” AND “polymorphi” OR “genetic”” OR “variant” OR “gene”.

4.2. Inclusion and exclusion criteria

Inclusive criteria: (1) the original literature were about the distribution of mutation
gene frequencies of DEFBI gene (including DEFBI-G1654A, 1511362, 151799946
and rs1800972) in periodontitis patients and non-periodontitis patients; (2) the studies
should be case-control studies; and (3) the studies should provide precise genotype
or allele frequency data.

Exclusion criteria: (1) data are incomplete and cannot be used for statistical anal-
ysis; (2) non-monographic literature such as reviews, letters and comments; and (3)
repeated publications or the same population data for multiple studies.

4.3. Data extraction and quality assessment

Two investigators (Shichun Zhong and Caijun Wang) independently extracted the
following data from each included study: the first author of the literature, the year
of publication, the research area, the diagnostic criteria of periodontitis, the detection
method of gene polymorphism, the gene type of DEFBI, the source of control group,
the number of cases group (periodontitis group) and control group (non-periodon-
titis group), sex ratio, age, and the gene distribution of DEFBI-G1654A, rs11362,
r$s1799946 and rs1800972 analyzed in each literature. The methodological quality
of the included studies was evaluated according to Newcastle-Ottawa Scale (NOS)
recommended by the Agency for Health Care Research and Quality (AHRQ) (Wells
2001). Any divergent opinions in the process of document data extraction and quality
evaluation were solved by discussion with the third author.

4.4. Statistical analyses

Hardy-Weinberg equilibrium (HWE) tests were performed and the Chi-squared test
was used to evaluate the deviation of genotype distribution from HWE tests among
controls (Schaid and Jacobsen 1999). Meta-analysis was carried out by using R 3.12
software (http://www.R-project.org; R Foundation for Statistical Computing, Beijing,
China). The OR value and 95% CI were selected as the effect indicators (Liu et al.
2013). Heterogeneity tests were based on Chi-square Q-test (Lau et al. 1997) and
P statistics. If heterogeneity test has statistical differences (P < 0.05 or I* > 50%),
random effect model is used to calculate the combined effect value; otherwise, fixed
effect model is used to merge data (P > 0.05 and I? < 50%) (Feng et al. 2011). In
addition, Egger’s test was used to evaluate the potential publication bias. If the P value
> 0.05, there was no publication bias (Egger et al. 1997). The robustness of the results
was evaluated by sensitivity analysis.

Conflicts of interest: None declared.
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