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Association between infant visual acuity and neurodevelopment at three years of age: a
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[Abstract] Objective: To explore the association between infant visual acuity and neurodevelopment at 3 years of age. Methods: We
employed a prospective cohort study design. A total of 1 122 children from 1 096 families enrolled in the Jiangsu Birth Cohort between
August 2016 and June 2019 were included. At 1 year of age, visual acuity was measured using the Teller Acuity Card II. At 3 years of
age, neurodevelopmental status was assessed using the Bayley Scales of Infant and Toddler Development, Version Ill Screening Test,
covering five domains: cognition, receptive communication, expressive communication, fine motor, and gross motor. Poisson regression
models were used to examine the associations between infant visual acuity and neurodevelopment at 3 years of age. Results: Among the
1 122 children, 94 (8.4% ) showed abnormal visual acuity. The prevalence of noncompetent neurodevelopment across five domains
ranged from 3.5% to 10.3%. Compared with the group with normal visual acuity in infancy, the group with abnormal visual acuity had a
96% increased risk of being noncompetent development in gross motor domain at age 3 (RR=1.96, 95% CI 1.03-3.70). This
association remained stable after excluding twins, preterm infants, low birth weight infantsand children conceived via assisted
reproductive technology. Conclusion: Abnormal visual acuity in infancy was associated with an increased risk of being noncompetent
in gross motor development at 3 years of age.
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Table 1 Basic characteristics of study population

Characteristics Control group Abnormal visual acuity Y P
Parental characteristics 1008 88
Maternal age(years,x  s) 30.36 +3.79 30.96 + 3.33 -1.604 0.151
Pre-pregnancy BMI[1(%) ] 1.105 0.776
<18.5 kg/m’ 144(14.3) 14(15.9)
18.5-23.9 kg/m’ 700(69.6) 59(67.0)
24.0-27.9 kg/m’ 124(12.3) 13(14.8)
=28.0 kg/m’ 38(3.8) 2(2.3)
Household income[n(%) ] 3.099 0.377
<50 000 yuan 52(5.3) 8(9.2)
50 000-<1100 000 yuan 262(26.9) 19(21.8)
100 000-<1200 000 yuan 455(46.7) 43(49.4)
=200 000 yuan 206(21.1) 17(19.5)
Maternal education[n(%) ] 0.007 0.933
<12 years 89(8.8) 7(8.0)
=12 years 918(91.2) 81(92.0)
Mode of conception[n(%) ] 0.001 0.999
Spontaneous 868(86.1) 76(86.4)
ART 140(13.9) 12(13.6)
Hypertensive disorders of pregnancy[n(%) ] - 0.197
No 976(96.8) 84(95.5)
Chronic hypertension 7€0.7) 0€0.0)
Gestational hypertension 10¢1.0) 3(3.4)
Preeclampsia 15(1.5) 1(1.D
Diabetes mellitus in pregnancy[n(%)] - 0.503
No 734(72.8) 59(67.0)
Diabetes complicating pregnancy 111D 1(1.D
Gestational diabetes mellitus 263(26.1) 28(31.8)
Infant characteristics 1028 94
Sex[n(%) ] 1.452 0.228
Boy 532(51.8) 42(44.7)
Girl 496(48.2) 52(55.3)
Plurality[n(%) ] 7.476 0.006
Singleton 974(94.7) 82(87.2)
Twins 54(5.3) 12(12.8)
Gestational age (weeks,x £ ) 39.31 +1.58 39.29 + 1.61 0.135 0.891
Preterm birth[n(%) ] 0.691 0.406
No 955(92.9) 90(95.7)
Yes 73(7.1) 4(4.3)
Low birth weight infant[ (%) ] - 0.359
No 979(95.2) 92(97.9)
Yes 49(4.8) 2(2.D
Breastfeeding duration[ n(%) ] 2.539 0.281
<6 months 2310221 24(25.8)
6—12 months 350(34.4) 37(39.8)
=12 months 437(42.9) 32(34.4)
Age at visual acuity assessment (¥ + s) 364.99 + 8.12 364.06 + 7.05 1.208 0.283
Age at neurodevelopmental assessment (x + s) 1095.74 +7.30 1094.00 +7.72 2.099 0.028

Data were missing for pre-pregnancy BMI(n=2), household income (n=34), and breastfeeding duration(n=11). BMI: body mass index; ART: assist-

ed reproductive technology.
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Table 2 Comparison of baseline characteristics between included and excluded participants
Characteristics Included population Excluded population X P
Parental characteristics 1 096 62
Maternal age(years,x + s) 3041 +£3.76 31.02 +4.05 1.159 0.216
Pre-pregnancy BMI[1(%) ] 1.498 0.683
<18.5 kg/m® 158(14.4) 10(16.4)
18.5-23.9 kg/m’ 759(69.4) 38(62.3)
24.0-27.9 kg/m’ 137(12.5) 10(16.4)
=28.0 kg/m’ 40(3.7) 3(4.9)
Household income[n(%) ] 11.100 0.011
<50 000 yuan 60(5.6) 6(9.8)
50 000-<100 000 yuan 281(26.5) 14(23.0)
100 000-<200 000 yuan 498(46.9) 19(31.1D
=200 000 yuan 223(21.00 22(36.1)
Maternal education[n(%) ] 0.001 0.999
<12 years 96(8.8) 5(8.2)
=12 years 999(91.2) 56(91.8)
Mode of conception[n(%) ] 0.001 0.999
Spontaneous 944(86.1) 53(85.5)
ART 152(13.9) 9(14.5)
Hypertensive disorders of pregnancy[n(%) ] - <0.001
No 1 060(96.7) 55(88.7)
Chronic hypertension 7€0.6) 0€0.0)
Gestational hypertension 13(1.2) 5@8.D
Preeclampsia 16(1.5) 2(3.2)
Diabetes mellitus in pregnancy[n(%) ] - 0.420
No 793(72.4) 49(79.0)
Diabetes complicating pregnancy 12(1.D 000.00
Gestational diabetes mellitus 291(26.6) 13(21.00
Infant characteristics 1122 66
Sex[n(%) ] 0.787 0.375
Boys 574(51.2) 38(57.6)
Girls 548(48.8) 28(42.4)
Plurality[n(%) ] 0.634 0.426
Singleton 1 056(94.1) 60090.9)
Twins 66(5.9) 6(9.1)
Gestational age (weeks,x +s) 39.31 + 1.58 38.98 + 1.63 -1.584 0.104
Preterm birth[n(%) ] 0.821 0.365
No 1032(93.D 59(89.4)
Yes 77(6.9) 7(10.6)
Low birth weight infant[n(%) ] - 0.407
No 1071(95.5) 61092.4)
Yes 51(4.5) 5(7.6)
Breastfeeding duration[n(%) ] 1.921 0.383
<6 months 469(42.2) 23(35.4)
6-12 months 255(23.00 14(21.5)
=12 months 387(34.8) 28(43.1)
Age at visual acuity assessment(x + s) 364.92 + 8.04 365.38 +7.89 0.462 0.649
Age at neurodevelopmental assessment(x + s) 1095.59 +7.35 1093.59 +£9.33 -1.712 0.035
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Table 3  Distribution of the frequency of noncompetent neurodevelopment according to visual acuity status [1(%) ]

Noncompetent neurodevelopment ~ Total(n=1 122)  Control group(n=1 028)  Abnormal visual acuity (n=94) X P
Cognition 52(4.6) 47(4.6) 5(5.3) 0.005 0.941
Receptive communication 39(3.5) 35(3.4) 4(4.3) 0.019 0.891
Expressive communication 45(4.00 41(4.00 4(4.3) 0.001  0.999
Fine motor 116(10.3) 104(10.1) 12(12.8) 0.398 0.528
Gross motor 77(6.9) 65(6.3) 12(12.8) 4.631 0.031

x4 ZI)LAAFMIAN S35 MER T RIERYKEK

Table 4 Associations between infant visual acuity and noncompetentneurodevelopment at 3 years of age

Model 1* Model 2"

Outcome RR(95% CD P RR(95% CD P
Cognition 1.16€0.46-2.92) 0.748 1.09€0.42-2.84) 0.853
Receptive communication 1.2500.44-3.52) 0.673 1.25(0.43-3.64) 0.687
Expressive communication 1.07(0.38-3.01) 0.905 1.17€0.40-3.41) 0.746
Fine motor 1.26(0.69-2.29) 0.446 1.16€0.63-2.15) 0.628
Gross motor 2.02(1.09-3.74) 0.025 1.96(1.03-3.70) 0.040

a: Unadjusted for covariates. b: Adjusted for maternal age, household income, maternal education, gestational age, pre-pregnancy BMI, plurality, hy-
pertensive disorders of pregnancy, diabetes mellitus in pregnancy, sex, breastfeedingduration, age at visual acuity assessment, age at neurodevelopmen-

tal assessment. RR: risk ratio; CI: confidence interval.

x5 ZBILHFZMIAN S35 MERE REXKRER SRS

Table 5 Associations between infant visual acuity and noncompetent neurodevelopment at 3 years of agestratified by child

sex
Variable Control group[n/N(%) ] Abnormal visual acuity[n/N(%) ] Adjusted RR(95% CI)* P value for heterogeneity
Cognition 0.922
Boy 37/532(7.0) 4/42(9.5) 1.15€0.39-3.39)
Girl 10/496(2.0) 1/52(1.9) 1.02(€0.12-8.5D)
Receptive communication 0.846
Boy 27/532(5.1) 3/42(7.1) 1.30€0.37-4.57)
Girl 8/496(1.6) 1/52(1.9) 1.68(0.18-15.58)
Expressive communication 0.796
Boy 33/532(6.2) 3/42(7.1) 1.08(0.31-3.79)
Girl 8/496(1.6) 1/52(1.9) 1.50€0.17-13.43)
Fine motor 0.148
Boy 72/532(13.5) 10/42(23.8) 1.56(0.78-3.13)
Girl 32/496(6.5) 2/52(3.8) 0.480.11-2.02)
Gross motor 0.443
Boy 41/532(7.7) 8/42(19.0) 2.31(1.03-5.21)
Girl 24/496(4.8) 4/52(7.7) 1.37€0.47-4.0D)

a: Adjusted for maternal age, household income, maternal education, gestational age, pre-pregnancy BMI, plurality, hypertensive disorders of preg-
nancy, diabetes mellitus in pregnancy, breastfeeding duration, age at visual acuity assessment, age at neurodevelopmental assessment. RR: risk ratio;

CI: confidence interval.
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Table 6 Sensitivity analysis of associations between infant visual acuity and noncompetentneurodevelopment at 3 years of

age

Model 1*

Outcome

RR(95% CD

Excluding twins

1.38(0.55-3.49)
1.11€0.34-3.64)
1.05(0.32-3.41)
1.13€0.57-2.23)
2.21(1.16-4.22)

Cognition

Receptive communication

Expressive communication

Fine motor

Gross motor
Excluding preterm births
1.18€0.47-2.97)
1.03(0.31-3.36)
0.94(0.29-3.05)
1.24(0.66-2.32)
2.01(1.06-3.83)

Cognition

Receptive communication

Expressive communication

Fine motor

Gross motor
Excluding low birth weight infant
1.16(0.46-2.91)
1.22(0.43-3.42)
1.12(€0.40-3.14)
1.16€0.62-2.16)
2.09(1.13-3.89)

Cognition

Receptive communication

Expressive communication

Fine motor

Gross motor
Excluding ART-conceived infants
1.53(0.60-3.89)
1.26(0.38-4.14)
1.03(0.31-3.37)
1.32€0.68-2.53)
2.35(1.23-4.49

Cognition

Receptive communication
Expressive communication
Fine motor

Gross motor

Model 2
P RR(95% CD P
0.494 1.54(0.59-4.02) 0.376
0.859 1.25(0.37-4.25) 0.725
0.938 1.35(0.40-4.56) 0.628
0.735 1.15€0.58-2.31D) 0.690
0.015 2.36(1.21-4.58) 0.012
0.727 1.17€0.44-3.11) 0.753
0.965 1.01€0.29-3.55) 0.985
0.913 1.26(0.37-4.36) 0.712
0.497 1.09(0.56-2.09) 0.807
0.033 2.42(1.25-4.72) 0.009
0.757 1.10€0.42-2.88) 0.841
0.711 1.04(0.35-3.08) 0.938
0.829 1.31(0.44-3.89) 0.622
0.642 1.02€0.54-1.93) 0.956
0.019 2.15(1.13-4.08) 0.019
0.373 1.73(0.66-4.54) 0.270
0.707 1.46(0.42-5.06) 0.551
0.962 1.39€0.41-4.71) 0.599
0.412 1.38(0.70-2.70) 0.351
0.010 2.69(1.37-5.28) 0.004

a: Unadjusted for covariates. b: Adjusted for maternal age, household income, maternal education, gestational age, pre-pregnancy BMI, plurality, hy-

pertensive disorders of pregnancy, diabetes mellitus in pregnancy, sex, breastfeeding duration, age at visual acuity assessment, age at neurodevelopmental

assessment. For variables excluded in the various sensitivity analyses, the corresponding variables are no longer included in the model for adjustment.

RR:risk ratio; CI: confidence interval; ART: assisted reproductive technology.
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