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[ Abstract] Objective To analyze the risk factors for keratoconus through a systematic review of secondary
literature. ~ Methods  Analytical studies from Cochrane Library, PubMed, Embase database, CNKI, Wanfang
Periodicals Database, VIP Chinese Science and Technology Journal Database published from January 2000 to May
2021 were searched, most of which were about the keratoconus occurrence and progression and the valid data were
extracted. The case-control and the cohort studies were evaluated according to the Newcastle-Ottawa Scale. The
categorical variables for combined effect size were odds ratio (OR) and 95% confidence interval ( CI). The
heterogeneity was evaluated via the Q test and I’ test. The fixed-effect model was adopted when P>0.1 or I' <50%,
while the random effect model was adopted when I°>50%. The sources of heterogeneity in included evaluation indexes
were analyzed through subgroup and sensitivity analysis. The publication bias was evaluated by Egger tests, Harbord
tests, Peters tests and funnel plots.  Results A total of 21 papers with 30 124 keratoconus cases and 59 012 control
cases enrolled, including 18 case-control studies and 3 cohort studies, whose data were from 10 countries, were
included. The NOS scores of the studies were not less than 7 points. The Meta-analysis results indicated that family
history (OR:8.68,95% CI:6.30-11.97) ,eye rubbing (OR: 4.62,95% CI. 3.75-5.70) ,allergy (OR: 2.34,95%
CI; 1.73-3.16) ,obstructive sleep apnea (OR: 1.53,95% CI. 1.12-2.10) and Down syndrome (OR: 7.09,95%
CI:4.19-11.99) were the risk factors for keratoconus,and mitral valve prolapse (P>0.05) was not a risk factor for

keratoconus, and diabetes (OR; 0.63,95% CI. 0.50-0.79) was a protective factor for keratoconus. The subgroup
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analysis results indicated that the heterogeneity in allergy was partially due to the specific disease classification, and

the heterogeneity in diabetes and obstructive sleep apnea was totally owing to the source of the cases. The sensitivity

study showed that the results were robust after changing the analysis model. There was no bias in the included

studies.  Conclusions

Family history, eye rubbing, allergy, obstructive sleep apnea and Down syndrome are risk

factors for keratoconus,and diabetes is a protective factor for keratoconus.
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Table 1 Information and quality evaluation of included studies
9Nk RFAFAy P #/l\’i %ﬁk)@ﬁﬁz %ﬁéqﬂ{ﬁ%&z W&U ey BTaL Nos
(%) o 25 (s foil /% 1) (Rl /xp 1) Ol /% 1, %) H U R % p ] o
Gordon-Shaag %1 */ 2015 LA 5,51 73/ 146 47/ 94 27.4/27.0 B2 B 1-4 975 191 % B 8
Naderan 23] 2017 i 885/ 1526 520/ 914 24.1/24. 4 P2 B 3 3 151 % HEt 7
Bawazeer % %] 2000 JIE-N 49/ 71 26/ 39 32.7/31. 1 5 552 1-3 9o 197 % R 7
Seiler 2 11°] 2000 788 1] 571/ 571 399/ 382 28.9/29.5 P2 B 4 3 151 % Bt 7
Kuo 251" 2006 EH 284/ 284 131/ 142 N/A 1% B2 4 975 19 % B 7
Weed %' 2008 i 200/ 100 125/ 56 30.9/30. 1 B2 B 3 3 151 X B 7
Javadi %[ 2007 iyl 62/ 167 43/ 112 28.1/30.0 % B¢ 7 9o 181 %o IR 7
Nemet % * 2010 LI 5,31] 426/ 1 704 242/ 962 37.3/37.3 X 3 i 19 3 i 7
Saidel %" 2012 %H 92/ 92 48/ 30 37.0/38.7 PE Bt 5 9 191 o i 7
Gordon-Shaag %1 2013 1% 70/ 140 36/ 12 25.7/25.7 P B 1-3 9 481 %o IR 8
Pihlblad 25" 2013 ¥ [ 15/ 15 9/ 9 39.1/40.2 P2 Bt 5 3 451 X 1 7
Naderan %' 2014 By 1383/ 1383 846/ 846 28.8/29. 1 B B 4 3 151 % B 7
Gencer 251 2014 +HH 146/ 146 85/ 79 25.0/24.0 & Bt 5 95 191 X 1 7
Naderan % %] 2015 B 461/ 461 282/ 282 24.5/25.0 BEBe  1-4,6-7 xR 7
Naderan 22" 2015 il 616/ 616 366/ 366 25.3/25.7 P ¢ 1,5 9o 181 %o IR 7
Mostovoy 4122 2018 A (5, 51) 50/ 72 24/ 35 31.7/33. 1 X 1-2 95 191 ) HR 7
Moran %% 2020 e ES| 202/ 355 149/ 149 32.5/30.7 EE b 1-3 9 151 o IR 7
Lin 25124 2021 o ] 5 055/20 220 2991/11 964 29.8/29.8 X 3-6 9o 181 %o IR 8
Woodward %5 % 2016 e 16 053/16 053 9 456/ 9 456 40. 4/40. 4 X 3-7 BA B WF 5% 8
Lee %12 2020 [ 575/ 2 875 280/ 1316 31.1/31.1 X 4 A 3] i 7% 8
Moon %1% 2020 r"#[izl 1552/ 7760 678/ 3 390 36.5/36.5 X 3,5-7 A B WF 5% 8
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Note ; Exposure factors ;1 ;family hlsmry ; 2 :eye rubbing; 3 allergy ;4 : diabetes;5: 0SA;6: Down syndrome;7: MVP NOS: Newcastle-Ottawa Scale; N/A ; not

applicable



. 168 - SIS IR B 2L Ak 2022 4F 2 H S 40 555 2 ] Chin ] Exp Ophthalmol , February 2022, Vol. 40, No. 2

®2 BE¥RAERKEER Meta 517

Table 2 A Meta-analysis of risk factors for keratoconus
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ARSI 11 25 026 48 536 97.6 <0.001 P HL 2.34(1.73, 3.16) <0.001 1.53(1.47, 1.58) <0.001
W IR 8 24 528 41 941 73.2  <0.001 BEHL  0.63(0.50, 0.79)  <0.001  0.76(0.74, 0.82)  <0.001
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Note : OSA ; obstructive sleep apnea; MVP :mitral valve prolapse; OR ;odds ratio; CI;confidence interval
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! Woodward (2016) s 1.30(1.24,1.36)  11.33
Mostovoy (2017) > 21.18(1.16,385.14) 106 Naderan (2017) - 8.61(7.13,10.40) 10.87
Moran (2020) —_— 6.53(2.12,20.13)  8.01 Moon (2020) - 201(1.77,228) 1113
Overall (I-squared = 0.0%, p = 0.963) @ 8.68 (6.30, 11.97)  100.00 Moran (2020) —— 267(1.87,381)  9.80
H
: Lin (2021) * 150 (1.40,1.59)  11.30
: Overall (I-squared = 97.6%, p = 0.000) <> 234(1.73,3.16)  100.00
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Figure 2 Forest plot of keratoconus and family history OR:odds Cl: B A5 X I

ratio; CI s confidence interval Figure 4 Forest plot of keratoconus and allergy OR: odds ratio;

CI:confidence interval
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Mostovoy (2017) —4— 450 (1.77,11.46)  5.09 Woodward (2016) ™ 0.76 (0.72,0.81)  26.89
Moran (2020) — 368(232,585)  21.96 Lee (2020) — 0.93(0.64,1.36) 1560
Overall (I-squared = 27.1%, p = 0.231) @ 462(3.75,570)  100.00 Lin (2021) L 083(071,007) 2446
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Figure 3 Forest plot of keratoconus and eye rubbing OR: odds Figure 5 Forest plot of keratoconus and diabetes OR: odds ratio;
ratio ; CI; confidence interval OR :odds ratio;C/;confidence interval CI: confidence interval
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Study %
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Woodward (2016) o: 1.24 (1.15,1.33) 39.63
Moon (2020) —-o— 1.43(0.47, 4.35) 6.76
Lin (2021) +~ 1.19 (0.86, 1.65) 28.30
Overall (I-squared = 51.0%, p = 0.057) @ 1.53 (1.12, 2.10) 100.00

NOTE: Weights are from random effects analysis|
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Figure 6 Forest plot of keratoconus and OSA  OR:odds ratio; CI;
confidence interval
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Naderan (2015) > 301(0.12,7399) 373
Woodward (2016) —:4-— 7.78(3.72,16.24)  59.69
Moon (2020) i 1.67 (0.07,40.92) 3.75
Lin (2021) + 6.93(3.30, 14.57)  32.83

7.09 (4.19,11.99)  100.00
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Table 3 Subgroup analysis of risk factors for keratoconus
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825 3 3.05(1.85, 5.03) <0.001 0.0 0.817
B it 6 1.72(1.39, 2.12) <0.001 83.3  <0.001
ARPELERA 2 8.04(6.19,10.44) <0.001 0.0 0. 741
A5 7 M B 4 4 1.43(1.16, 1.77) 0.001  95.4  <0.001
ENEER TS 7 2.41(1.53, 3.79) <0.001 85.5 <0.00l
B PR
% 52 5 0.36(0.26, 0.50) <0.001 10.3 0. 347
FEIX 3 0.77(0.73, 0.82) <0.001 0.5 0. 366
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P B 4 3.00(1.74, 5.20) 0.002 25.1 0.261
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Figure 7 Forest plot of keratoconus and Down syndrome OR;
odds ratio; CI: confidence interval

Study %
D OR (95% CI) Weight
Javadi (2007) -?—0— 4.14(1.76,9.71) 34.66
Naderan (2015) ——é—% 11.12(0.61,201.69)  11.50
Woodward (2016) . E 1.02(0.93, 1.13) 42.72
Moon (2020) —0-—1— 0.71(0.04, 13.83) 1.12
Overall (I-squared = 76.5%, p = 0.005) <<‘E> 2.10(0.67, 6.62) 100.00
NOTE: Weights are from random effects analysis :
T T
0.004 96 1 202
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Figure 8 Forest plot of keratoconus and MVP  OR:odds ratio; CI:

confidence interval
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Note ; OSA : obstructive sleep apnea; OR :odds ratio; CI:confidence interval

Study %
D OR (95% CI) Weight
25 i
Gordon-Shaag (2013) —_——— 22 (o 64 60. 96) 0.54
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