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Brief report

The primary formation of the eye in the human embryo starts at week three and ends in 
the tenth week of embryonic development. During this period the eye expresses estradiol 
and progesterone receptors in multiple ocular structures.1 After in vitro fertilization 
with controlled ovarian hyperstimulation (COH-IVF), serum progesterone and estradiol 
concentrations are increased compared to natural pregnancies up until week six of 
embryonic development.2 This could imply that COH-IVF offspring is vulnerable for altered 
ophthalmic development. Tornqvist et al. demonstrated an increased incidence of severe 
visual impairment in 24,628 IVF children born between 1985-2005 in Sweden, compared 
to all Swedish children born during this period (odds ratio [OR] [95% CI]: 1.65 [1.12, 
2.45]).3 However, underlying mechanisms are unclear. This brief report assessed visual 
acuity in 11-year-old singletons enrolled in the prospective, assessor-blinded, Groningen 
ART cohort-study. This is the first study that aims to disentangle the possible effects of 
COH and the in vitro culture procedure on children’s visual acuity.  Couples who 
conceived after IVF or conceived naturally while on the waiting list for fertility treatment 
at the University Medical Center Groningen (UMCG) and had a term date between 
1 March 2005 and 31 December 2006 were approached during the third trimester of 
pregnancy to participate in the study. The study consists of three groups of singletons: (i) 
born after COH-IVF; (ii) born after modified natural cycle-IVF (MNC-IVF); and (iii) naturally 
conceived by subfertile couples (Sub-NC). In MNC-IVF only minimal ovarian stimulation is 
applied. The Sub-NC group consisted of couples that conceived naturally after 1 year of 
unprotected intercourse (see Middelburg et al. 2009).4 The comparison of COH-IVF with 
MNC-IVF reveals the effect of COH. Differences between the MNC-IVF and Sub-NC group 
can be attributed to the in vitro culture procedures. Twins, children born after oocyte 
cryopreservation and oocyte/embryo donation were excluded.
 Socioeconomic, prenatal, perinatal and neonatal data were collected 2 weeks after 
expected delivery. In 2017, parents filled out a postal questionnaire on visual acuity of 
their 11-year-old children and themselves. In case parents reported the presence of 
refractive errors and/or consultation of an ophthalmologist of their offspring, data about 
their ophthalmic condition were obtained from the ophthalmologist and interpreted by 
the study’s ophthalmologist (MHe). She assessed appropriateness of glasses, as some 
children wore glasses without medical indication (e.g. myopia with a sphere of 0.25).
  To estimate differences in background and outcome characteristics, univariable and 
multivariable statistics were used. The multivariable regression analyses adjusted for the 
following confounders: maternal age, preterm birth and time to pregnancy (TTP). The 
confounders were selected on a-priori bases in keeping with the literature. Results are 
expressed as OR with 95% confidence intervals (95%CI). Analyses were performed in SPSS 
Statistics 20.0 (IBM Corp, NY, USA). 

 Participation and follow-up are summarized in table I. Overall postnatal attrition was 
31% and non-selective. Demographic characteristics of the groups are displayed in Table 
I. Mothers in the Sub-NC group were older at conception (34.1 years) than mothers in the 
MNC-IVF group (32.5 years). Paternal age at conception was higher in the COH-IVF group 
(35.4 years) and the Sub-NC group (35.6 years) than in the MNC-IVF group (33.7 years). 
TTP was longer in the IVF groups (COH-IVF 4.1 years; MNC-IVF 3.7 years) compared to the 
Sub-NC group (2.1 years). Gestational age was shorter in the COH-IVF group (39.4 weeks) 
compared to the Sub-NC group (40.1 weeks). Birthweight was lower in the IVF groups 
(COH-IVF 3331 grams; MNC-IVF3342 grams) than in the Sub-NC group (3595 grams).
 The prevalence of children wearing glasses on medical indication did not differ 
between the groups: COH-IVF 11/48 (23%), MNC-IVF 5/41 (12%) and Sub-NC 5/60 (8%). 
Yet, logistic regression indicated that the prevalence of glasses on medical indication in 
the COH-IVF group was significantly higher than that in the Sub-NC group (adjusted OR: 
4.00 (95%CI: 1.13, 14.06). The adjusted analyses did not reveal differences between the 
IVF groups (COH-IVF versus MNC-IVF OR: 2.40 [95%CI: 0.74, 7.87]) and the MNC-IVF and 
Sub-NC group (OR: 1.71 [95%CI: 0.43, 6.86]). Additional adjustment for gestational age 
and parents wearing glasses did not alter the results.
 Our study demonstrated a higher chance of wearing glasses on medical indication 
for refractory errors in school-aged children born after COH-IVF than in offspring of 
subfertile couples conceived without IVF. The prevalence of COH-IVF offspring wearing 
glasses on medical indication was 23%, whereas the Dutch prevalence of 11-year-old 
children wearing glasses is 11% according to Statistics Netherlands, which is comparable 
to the prevalence in the MNC-IVF and Sub-NC group. This supports the suggestion that 
refractory errors in the COH-IVF group may be due to the ovarian hyperstimulation used in 
IVF. This putative effect could by clarified by the supraphysiological levels of estradiol and 
progesterone in early COH-IVF pregnancies at a time that the embryonic eye expresses 
estradiol and progesterone receptors. 
 The systematic review of Toro et al. reported that data were insufficient to draw 
conclusions regarding IVF and visual acuity: studies were too small and lacked information 
on perinatal data.5 Our study includes information on obstetric and perinatal data, which 
is – next to the study’s unique design and the verified ophthalmological data – a strength 
of our study. The study’s main limitation is its size. Our study was powered to evaluate 
the neurological development of the participants, not to address their visual acuity. Post-
hoc power analyses indicated that our study was not powered to detect differences in 
refractory errors between the IVF groups and not to detect differences in wearing glasses 
on medical indication. This implies we cannot exclude a chance finding. 
 In conclusion, we found support for the hypothesis that COH used in IVF is associated with 
refractive errors in 11-year-old offspring born to subfertile couples. Well-powered follow-up 
studies on visual acuity are needed so that data can be combined to carry out a meta-analysis.
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Table 1: Characteristics of participating parents and children. 

Characteristics COH-IVF  n = 48 MNC-IVF n = 41 Sub-NC n = 60

Participation

Eligible infants 89 (100) 79 (100) 143 (100)

Included infants 68 (76) 57 (72) 90 (63)

Children assessed at age 4 years 63 (93) 53 (93) 79 (88)

Children assessed at age 9 years 57 (83) 48 (84) 68 (75)

Parent questionnaire at age 11 years 48 (76) 41 (77) 60 (67)

Parental characteristics

Maternal age at conception, median (range) 32.2 (27.0-40.9) 32.5 (25.3-37.5)^ 34.1 (22.2-40.3)^

Paternal age at conception, median (range) 35.4 (27.5-56.1)* 33.7 (28.3-45.1)*/^ 35.6 (26.4-48.7)^

Education level mother high, n (%)a,b 15 (31) 15 (38) 29 (48)

Maternal BMI before pregnancy, median 
(range)a 24.2 (18.3-42.5) 23.1 (16.8-30.3) 22.8 (18.0-33.3)

At least one parent wearing glasses, n (%) 20 (67) 27 (66) 41 (68)

Fertility parameters

TTP in years, median (range) 4.1 (0.1-13.3)# 3.7 (0.1-7.5)^ 2.1 (0.1-9.4) #/^

ICSI, n (%) 33 (69) 19 (48) n.a.

Gestational characteristics

Smoking during pregnancy, n (%) 5 (10) 5 (12) 7 (12)

Caesarean section, n (%) 13 (27) 8 (20) 15 (25)

Use of folic acid during pregnancy, n (%) 43 (90) 38 (95) 51 (93)

Birth characteristics

Gestational age in weeks, median (range) 39.4 (33.4-42.3)# 39.8 (34.6-42.3) 40.1 (30.1-42.3)#

Preterm birth (<37 weeks), n (%) 6 (13) 5 (13) 3 (5)

Birthweight in grams, mean (σ) 3331 (539)# 3342 (577)^ 3595 (518)#/^

Low birthweight, n (%) 3 (6) 3 (8) 2 (3)

Small-for-gestational age, n (%) 0 (0) 3 (8) 1 (2)

Neonatal characteristics

NICU admission, n (%) 1 (2) 2 (5) 3 (5)

Breastfed for >6 weeks, n (%)a 21 (46) 18 (45) 29 (49)

Child characteristics

Male sex, n(%) 27 (56) 17 (43) 28 (47)

Age at examination in years, median (range) 11.0 (10.1-11.8) 10.8 (10.1-12.0) 11.0 (10.2-12.0)

Ophthalmic outcome measures

Children wearing glasses, n (%) 13 (27) 8 (20) 9 (15)

Glasses on medical indication, n (%) 11 (23) 5 (12) 5 (8)

Age at onset wearing glasses in years, 
median (range) 6.0 (2.0-10.9) 6.8 (3.7-10.4) 8.8 (3.8-11.2)

Myopia, n (%) 4 (8) 4 (10) 2 (3)

Binocular, n (%) 4 (8) 4 (10) 2 (3)

Sphere (Dioptre), median (range) 1.82 (1.25-3.88) 1.63 (1.50-1.75) 2.88 (1.88-3.88)

Cylinder (Dioptre), median (range) n.a. n.a. n.a.

Hyperopia, n (%) 5 (10) 2 (5) 3 (5)

Binocular, n (%) 3 (6) 2 (5) 3 (5)

Sphere (Dioptre), median (range) 1.25 (0.63-4.63) 1.07 (1.00-1.13) 3.25 (1.75-5.75)

Cylinder (Dioptre), median (range) n.a n.a. n.a.

Astigmatism, n (%) n.a 1 (2) n.a

Astigmatism (Dioptre), median (range) n.a 1.50 (0.75-2.25) n.a

Severe ophthalmic impairment, n (%) 0 (0) 0 (0) 1 (2)

One eye blind, n (%) 0 (0) 0 (0) 1 (2)

Congenital abnormalities, n (%) 0 (0) 0 (0) 0 (0)

Minor ophthalmic impairment, n (%) 4 (8) 3 (7) 3 (5)

Strabismus, n (%) 2 (4) 1 (2) 2 (3)

Amblyopia, n (%) 4 (8) 2 (5) 1 (2)

Probability values of <0.05 were considered statistically significant and are displayed in bold. The symbols 
denote which groups differ significantly from each other (Asterisks: *; carets: ^ and hashtags: #). Values are 
number (percentage), mean (standard deviation [σ ]) or median (range). BMI = Body Mass Index; COH-IVF = 
controlled ovarian hyperstimulation-IVF; ICSI = Intracytoplasmic Sperm Injection; MNC-IVF = modified natural 
cycle-IVF; n.a. = not available; NICU = neonatal intensive care unit; Sub-NC = naturally conceived children born 
to subfertile couples; TTP = Time To Pregnancy.
a Missing data in the COH-IVF group: education level father high n=2; paternal age at conception n=1; use of folic 
acid during pregnancy n=5. 
Missing data in the MNC-IVF group: Apgar score 5 min <7 n=1. Missing data in the Sub-NC group: Apgar score 5 
min <7 n=2; breastfed for > 6 weeks n=1; use of folic acid during pregnancy n=5.
b Higher vocational education or University education.

List of abbreviations:

COH: controlled ovarian hyperstimulation
MNC: modified natural cycle
IVF: in vitro fertilization
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