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[Abstract] Objective To investigate the correlation between the daily intake of dietary antioxidant
components and the risk of glaucoma development, and to analyze the potential influencing factors. Methods A
cross-sectional study was conducted using data from the 2005—2008 cycles of the National Health and Nutrition
Examination Survey, with a total of 3 550 participants enrolled. The daily intake of 14 dietary antioxidant
components was defined as the exposure factor, and glaucoma diagnosis was the outcome variable. Covariates
included age, sex, race, educational level, poverty-income ratio, smoking status, drinking status, diabetes, and
hypertension. Weighted multivariate logistic regression analysis was used to explore the association between the daily

intake of each dietary antioxidant component and glaucoma risk. Weighted restricted cubic splines were applied to
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analyze the dose-response relationship. Spearman correlation analysis was performed to examine the correlations
among the intakes of the 14 antioxidant components. Taking riboflavin as an example, subgroup analysis was
conducted to explore the differential characteristics and interaction of the association between riboflavin intake and
glaucoma risk across different subgroups.  Results  After adjusting for confounding factors (age, sex, race,
educational level, poverty-income ratio, smoking status, drinking status, diabetes, and hypertension), the daily
intakes of riboflavin (odds ratio [OR] =0. 65, 95% confidence interval [ CI]: 0.47-0.91, P=0.006), folate (OR=
0.10, 95%CI: 0.02-0.58, P=0.005), vitamin B12 (OR=0.88, 95%CI: 0.81-0.96, P=0.002), vitamin E
(OR=0.94, 95%CI: 0.89-0.99, P=0.04), selenium (OR=0.99, 95%CI: 0.98-0.99, P<0.001), niacin
(OR=0.97, 95%CI: 0.94-0.99, P=0.04), calcium (OR=0.99, 95%CIl: 0.99-0.99, P<0.001), and
magnesium (OR=0.99, 95%CI: 0.99-0.99, P=0.04) were identified as influencing factors for glaucoma. The
daily intakes of riboflavin, folate, selenium, niacin, calcium, and magnesium were negatively correlated with
glaucoma risk, and the associations showed a linear trend in the dose-response analysis (nonlinear P> 0.05).
Spearman correlation analysis revealed that positive correlations among the intakes of the 14 antioxidant components
were significantly more common than negative correlations. Subgroup analysis indicated that the correlation between
daily riboflavin intake and glaucoma risk varied across subgroups of age, sex, smoking status, drinking status,
diabetes, and hypertension (all P <0.05). Interaction analysis showed that the age subgroup had a significant
interaction effect on the association between riboflavin intake and glaucoma risk ( interaction P <
0.01). Conclusions The daily intakes of multiple dietary antioxidant components are negatively correlated with

the risk of glaucoma. The correlation of riboflavin and risk of glaucoma varies across different subgroups, and there
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are synergistic and antagonistic effects among various dietary antioxidant components.
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Figure 1  Research population screening flowchart NHANES:

National Health and Nutrition Examination Survey
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Table 1 Weighted baseline characteristics table of study participants stratified by presence or absence of glaucoma

EAIE R (N=3550) AHE IR (n=196) TEHE IR (n=3 354) H/X* {8 Pl
AEWIM(Q,,0,),%]" 54(47,64) 65(55,74) 53(46,63) -5.89 <0.001
PEM [ n(%)]" 0.41 0. 700

3 1.861(48) 106(50) 1755(48)

I 1 689(52) 90(50) 1 599(52)
P n(%)]" 7.60 0. 200

EVEPEAF T A 2 087(81.0) 111(77.0) 1 976(82.0)

E| e PPN 653(8.1) 50(12.0) 603(7.9)

B REEEA 489(4.4) 16(2.6) 473(4.4)

HoAbvGPEF % 216(2.4) 12(2.2) 204(2.4)

HoAth A 1R 105(3.8) 7(6.2) 98(3.7)
HHE KT [n(%)]" 18.32 0. 005

T 9 % 368(4.7) 27(8.4) 341(4.6)

9-11 444 473(9.3) 23(7.2) 450(9.4)

1o R 864(25.0) 57(33.0) 807(25.0)

K& o fl 24 24 977(29.0) 56(33.0) 921(29.0)

LAY Y 868(31.0) 33(19.0) 835(32.0)
FTRBALLIM(Q,,05)]1" 3.75(2.04,5.00) 3.33(1.97,4.56) 3.77(2.05,5.00) 2.13 0. 040
WAR [ n(%)]" 1.87 0. 200

= 1 855(52) 112(57) 1 743(51)

T 1 695(48) 84(43) 1611(49)
R [ n(%)]" 0.44 0. 600

pis 2 505(74) 137(72) 2 368(75)

& 1 .045(26) 59(28) 986(25)
BRI [n( %) 1" 33.20 <0. 001

s 445(8.7) 54(21.0) 391(8.1)

Jul s 79(2.1) 3(1.2) 76(2.1)

& 3 026(89.0) 139(78.0) 2 887(90.0)
BIE (%) 1" 7.46 0. 060

2 1 543(41) 113(51) 1 430(40)

& 2 007(59) 83(49) 1.924(60)
LT[ M(Q,,Q;),2]" 15.45(11.20,21.15) 14.15(10.30,18.95) 15.50(11.25,21.20) 1.63 0.110
KIS NK[M(Q,,0Q,),mg]" 0.13(0.05,0.30) 0.16(0.06,0.29) 0.13(0.05,0.30) -0.41 0. 700
BEEIM(Q,,Q,) ,mg]" 2.14(1.60,2.80) 1.83(1.33,2.51) 2.15(1.61,2.83) 3.15 0. 004
MR M(Q,,Q;) ,mg]" 23.50(17.31,30. 85) 20.20(15.91,28.24) 23.60(17.51,31.05) 3.23 0. 003
4i2EE B6[M(Q,,0Q,) ,mg]® 1.86(1.35,2.52) 1.67(1.25,2.16) 1.87(1.36,2.52) 2.12 0. 042
AR M(Q,,Q;5) ,mg]" 372.00(274.00,510. 50) 301. 00(232. 50,429. 50) 374.50(278.50,511.50) 3.65 <0. 001
4R BI2[M(Q,,0Q5) ,pgl’ 4.54(2.92,6.91) 3.55(2.33,5.23) 4.66(2.97,6.96) 5.22 <0. 001
A CIM(Q,,Q5) ,mgl" 68.95(36.10,118.30) 67.65(33.10,102. 80) 69.20(36.10,118.55) 0.62 0. 500
#$ER E[M(Q,,Q,) ,mg]” 6.79(4.78,9.75) 5.64(4.14,8.10) 6.83(4.81,9.86) 3.73 <0.001
FIM(Q,,Q,) ,mg]" 831. 00(609. 00,1 138.00) 690. 00( 502. 00,915. 50) 837.50(616.00,1 150.00) 5.55 <0.001
BIM(Q,,Q;) ,mg]" 289. 00(223. 00,370. 00) 258.50(204. 50,308. 00) 292.00(223.00,372. 50) 3. 81 <0.001
BEIM(Q,,Q;) ,mg]" 11.16(8.00,15.13) 9.14(6.77,12.44) 11.26(8.06,15.30) 4.22 <0. 001
HM(Q,,05),mg]" 1.27(0.98,1.65) 1.08(0.87,1.33) 1.28(0.99,1.66) 3.85 <0. 001
WELM(CQ,,05) ,ngl” 102. 10(75. 35,133.80) 79.75(63.60,101.35) 103. 05(75.75,135.50) 5.75 <0. 001
WABMIM(Q,,0;),8]" 16.75(12.38,22.73) 15.22(10.94,20. 04) 16.85(12.49,22.88) 1.86 0.070

7 : (a:Kruskal-Wallis H K55 ;b ; Pearson X2 & 56 )
Note: (a: Kruskal-Wallis H test; b: Pearson X? test)

HZHCE Y MBS E 43 1

The percentage of each parameter was the weighted percentage
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Table 2 Association between the daily intake of various dietary antioxidant components and

the risk of glaucoma development by weighted multivariate logistic regression analysis

. B P B8 3
B i SE OR {8 (95%CI) P B SE OR {8 (95%CI) P B SE OR 1 (95%CI) P
x4 4 -0.02  0.02  0.98(0.95-1.01)  0.20 -0.02  0.02  0.98(0.94-1.02)  0.30 -0.02 0.02  0.98(0.94-1.02)  0.30
KW P E 0.04 0.26 1.04(0.61-1.79)  0.90 0.0l  0.29  1.01(0.55-1.86) >0.90 =-0.03  0.29  0.97(0.53-1.79)  >0.90
% -0.45  0.13  0.64(0.49-0.83) <0.001 -0.41 0.15 0.66(0.48-0.91)  0.007 -0.42 0.16  0.65(0.47-0.91)  0.006
ik =237 0.67  0.09(0.02-0.37) <0.001 -2.29 0.79  0.10(0.02-0.54)  0.004 -2.31  0.83  0.10(0.02-0.58)  0.005
%1k % B6 -0.31  0.12  0.73(0.57-0.94)  0.01 -0.28 0.14  0.76(0.56-1.02)  0.05 =-0.28 0.15  0.76(0.55-1.04)  0.06
%k % BI12 -0.13  0.03  0.88(0.82-0.94) <0.001 -0.12  0.04  0.88(0.82-0.96) <0.001 —-0.12  0.04  0.88(0.81-0.96)  0.002
g C -0.001 0.002 1.00(1.00-1.00)  0.40  -0.002 0.002 1.00(0.99-1.00)  0.30 -0.002 0.002 1.00(0.99-1.00)  0.30
% E -0.08  0.02  0.92(0.88-0.97) <0.001 -0.06 0.03  0.94(0.89-0.99)  0.04 -0.06 0.03  0.94(0.89-0.99)  0.04
i -0.01  0.003 0.99(0.98-0.99) <0.001 -0.01  0.004 0.99(0.98-0.99) <0.001 -0.01  0.004 0.99(0.98-0.99)  <0.001
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o -0.003 0.001 0.99(0.99-0.99) <0.001 ~-0.003 0.001 0.99(0.99-0.99)  0.04 -0.003 0.001 0.99(0.99-0.99)  0.04
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AR L R P B 2 AR M G BE KT B R O B TR A R S O R S AT R
F MR FE R SEARHEDR; OR: WAE LG ; C1. & (5 X [H]

Note: Model 1: unadjusted; Model 2: adjusted for age, gender, race, education level, poverty income ratio, smoking status, and drinking status; Model 3:

SRR 3. FEASTTRY 2 (1% Ak 1 38 X BR v AN

additionally adjusted for diabetes and hypertension based on model 2 SE: standard error; OR: odds ratio; CI: confidence interval
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Figure 2 The dose-response association between the daily intake of various dietary antioxidant
components and the risk of glaucoma development under weighted RCS A: Riboflavin B:
C: Vitamin B12 D: Vitamin E E: Selenium F: Niacin
RCS: restricted cubic spline; OR:

Folate G: Calcium H: Magnesium

I: Total intake odds ratio; CI: confidence interval
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Figure 3 Spearman correlation analysis of daily intake of 14 dietary antioxidant components
Red indicated a positive correlation, and blue indicated a negative correlation. The darker the color of the

circles and the larger the size of the circles, the stronger the correlation  *: P<0.05, * #: P<0.01
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Table 3 Differential characteristics and interaction of the association between

riboflavin and the risk of glaucoma development among different subgroups
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Note: a: Interaction term coefficient between the diabetes subgroup and the borderline diabetes subgroup;

b: Interaction term coefficient between the diabetes subgroup and the non-diabetes subgroup SE: standard

error; OR: odds ratio; CI: confidence interval
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