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1  | INTRODUC TION

Preterm birth can affect a child´s development in many ways. The 
immature central nervous system is vulnerable, not only to injury 
but also to disruptions of normal development. With improve-
ments in neonatal intensive care and survival of more immature 
infants, the rate of major disabilities associated with preterm 

births has remained relatively constant, while milder neurocogni-
tive deficits have become more prominent.1-3 A higher prevalence 
of low intelligence quotient (IQ) among very low birth weight 
preterm individuals than in term controls has been reported.4 
Some studies have shown that children born preterm have more 
difficulties with nonverbal reasoning and visuospatial tasks than 
verbal ability.5,6 This pattern seems to persist in adolescence and 

 

Received: 28 February 2020  |  Revised: 27 April 2020  |  Accepted: 25 May 2020

DOI: 10.1111/apa.15378  

R E G U L A R  A R T I C L E

Visual-motor functions are affected in young adults who were 
born premature and screened for retinopathy of prematurity

Dýrleif Pétursdóttir1  |   Gerd Holmström1  |   Eva Larsson1  |   Birgitta Böhm2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2020 The Authors. Acta Paediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica

Abbreviations: BW, birth weight; CI, confidence interval; g, grams; GA, gestational age; IQ, intelligence quotient; IQR, interquartile range; ROP, retinopathy of prematurity; VA, visual 
acuity; VLBW, very low birth weight; VMI, visual-motor integration.

1Institution of Neuroscience/
Ophthalmology, Uppsala University, 
Uppsala, Sweden
2Department of Women’s and Children’s 
Health, Karolinska Institute, Stockholm, 
Sweden

Correspondence
Eva Larsson, Institution of Neuroscience/
Ophthalmology, Uppsala University, S-75185 
Uppsala, Sweden.
Email: eva.larsson@neuro.uu.se

Funding information
Crown Princess Margaretha Foundation; 
The Carmen and Bertil Regnér Foundation; 
Synskadades Vänner i Uppsala län; 
Ögonfonden

Abstract
Aim: To assess visual-motor integration in young adults previously included in a pro-
spective study on the incidence of retinopathy of prematurity (ROP).
Methods: The study encompassed 59 preterm individuals, born 1988-1990, with a 
birth weight ≤1500 g, and 44 full-term controls, aged 25-29 years. Ophthalmological 
examination, including visual acuity and contrast sensitivity, and the Beery Visual-
Motor Integration (VMI) with supplemental tests of visual perception and motor co-
ordination, were performed. A short questionnaire was filled in.
Results: The preterm individuals had significantly lower scores than the controls in 
all VMI tests, median values and interquartile ranges: Beery VMI 87 (21) vs 103 (11), 
visual perception 97 (15) vs 101 (8) and motor coordination 97 (21) vs 102 (15), re-
spectively. Within the preterm group, no correlations were found between the VMI 
tests and ROP, gestational age, birth weight or visual acuity. Contrast sensitivity was 
correlated to visual perception. Neurological complication at 2.5 years was a risk fac-
tor for lower scores on Beery VMI. The preterm subjects reported six times as many 
health problems as compared to the controls.
Conclusion: Being born preterm seemed to have life-long effects. This study shows 
that visual-motor integration was affected in young adults born preterm.
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young adulthood.7,8 Visual-motor problems can have an effect on 
academic performance such as reading, writing and mathematics 
and become more problematic with age.9,10 Very and extremely 
preterm individuals also have an increased risk of attention-def-
icit/hyperactivity disorder, anxiety, depression and autism.11,12 In 
adulthood, this group has a higher risk of medical and social dis-
abilities, with the risk increasing with lower gestational age (GA) 
at birth.12

Retinopathy of prematurity (ROP) is one of the complications 
of preterm birth. It can have a negative impact on the future visual 
function8,13 of preterm individuals and is related to other impair-
ments, although this association could be mediated by other neo-
natal risk factors.8

Between 1988 and 1990, a prospective population-based 
study was conducted on the incidence of ROP in preterm infants in 
Stockholm County, Sweden.14 At 10 years, the same group partici-
pated in a follow-up study of ophthalmological outcome, together 
with a control group.15,16 At young adult age, a larger study on the 
ophthalmological outcome within the same groups was performed. 
The visual function has been reported.17

The aim of the present study was to report on the visual-motor 
functions and the educational and health aspects in the two groups. 
Furthermore, the study explored whether the prematurity, previous 
ROP and neurological complications, and current visual acuity (VA) 
and contrast sensitivity had any impact on visual-motor integration 
at this age.

2  | MATERIAL AND METHODS

2.1 | Participants

The present study group included 59 preterm individuals who were 
born between 1 November 1988 and 31 October 1990, with a BW 
of ≤1500 grams (g), in Stockholm county, Sweden. All were screened 
for ROP in the neonatal period and treated with cryotherapy when 
indicated. The criterion for treatment at that time was ROP 3 in four 
contiguous clock hours in zone II, even in the absence of plus dis-
ease.14 The children were followed for 3.5 years.14,18 At 10 years, the 
same group of children were comprehensively examined ophthal-
mologically again, together with a control group of children born in 
Stockholm County, during the same time period but born at term.15 
The control group of the present study included 34 individuals from 
the 10-year study as well as 10 new individuals randomly chosen 
from the Swedish National Board of Health and Social Welfare 
Register fulfilling the same inclusion criteria. The examinations were 
performed at 25-29 years of age for all participants. Figure 1 shows a 
flow diagram of the very low birth weight (VLBW) cohort over time, 
including some demographic data of those who attended and did not 
attend at 25 years of age compared with 10 years of age.

Regarding ROP, the preterm group was divided into subgroups 
classified as: no ROP, untreated ROP and treated ROP, according to 
the most affected eye.

At 2.5 years of age, neurological complications were defined as 
intraventricular haemorrhage in the neonatal period and or obvious 
neurologic sequelae, that is epilepsy, cerebral palsy or mental retar-
dation.18 Further neurological examinations were not carried out.

The study was approved by the regional Ethical Review Board of 
Uppsala, Sweden (Dnr 2014/584) and was performed in accordance 
with the Declaration of Helsinki. All participants signed a written 
consent form.

2.2 | Methods

Best-corrected distance VA was measured monocularly with the 
logarithmic Early Treatment Diabetic Retinopathy Study chart and 
the best-corrected near VA was estimated binocularly with the loga-
rithmic Near Visual Acuity Early Treatment Diabetic Retinopathy 
Study Chart. Contrast sensitivity was assessed monocularly with 
the Vistech Contrast Sensitivity Test System (VCTS 6500) (Vistech 
Consultants), and the logarithmic values were used to calculate the 
area under the curve.17 Furthermore, a comprehensive ophthalmo-
logical examination was performed including cover test, motility, an-
terior and posterior segment and refraction during cycloplegia.

Before dilating the pupils, the participants answered a short 
questionnaire about their vision, education, work and actual health, 
and the Developmental test of Visual-Motor Integration, the Beery 
VMI test was given together with the two optional tests: Beery visual 
perception and motor coordination.19 The participants were given a 
booklet with a sequence of 30 increasingly complicated geometrical 
forms, from a vertical line to a three-dimensional star to copy. In the 
visual perception test, the subject is asked to identify the exact copy 
among several variants of each of 27 geometric forms. The motor 
coordination test is a proof of tracing different forms with a pencil 
without going outside the double-lined paths. Each test was evalu-
ated individually and anonymously by an experienced psychologist 
(BB), blinded to the group members. The raw scores were converted 
into standardised scores. The results of the three tests range from 
45 to 107 points, with a mean of 100 points and standard deviation 
of 15. All preterm and control subjects could accomplish the three 
tests.

Key Notes

• Visual-motor integration was assessed in a follow-up of 
young adults born prematurely and a control group born 
at term to evaluate the influence from preterm birth and 
especially retinopathy of prematurity.

• The preterm individuals had lower scores on all parts of 
the visual-motor integration tests than the controls.

• The preterm subjects reported more frequent health 
and social disabilities than the controls.
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2.3 | Statistical methods

Descriptive data were analysed using IBM SPSS Statistics version 25 
(IBM Corp). Mann-Whitney and Kruskal-Wallis tests were used to com-
pare the results of the two study groups on the three-part Beery VMI 
test. Post hoc analyses were carried out using Dunn ś test. Since there 
was a difference in proportions of females and males in the preterm 
and control groups, linear regression models adjusting for gender, also 
were used to estimate the differences between the groups on Beery 
VMI. Simple regression analyses were performed within the preterm 
group, and the variables were ROP, yes or no, in the most affected eye, 

treated ROP, yes or no, GA in weeks, BW, a diagnosis of a neurologi-
cal disorder at 2.5 years of age, current distance VA in the better eye, 
binocular near VA and contrast sensitivity in the better eye. Better eye 
was defined as the eye with the best VA. Thereafter, multivariable lin-
ear regression analyses were performed to identify predictors for the 
three parts of the Beery VMI. The multivariable analyses included ROP, 
yes or no, treated ROP, yes or no, neurology at 2.5 years of age, VA 
and contrast sensitivity, together with GA in weeks in one and BW in 
one, since GA and BW were highly correlated. The analyses were per-
formed using R version 3.6.1 (R Foundation for Statistical Computing, 
Vienna, Austria). A P value of < 0.05 was considered significant.

F I G U R E  1   Flow diagram of the very low birth weight cohort from infancy, when included in a prospective population-based study of the 
incidence of retinopathy of prematurity, up to young adulthood

1988-1990

7 died
1 emigrated
4 excluded

3.5 years

1 died
6 emigrated
1 immigrated
1 protected iden�ty

10 years

7 did not respond
15 declined
3 did not a�end

10 years

2 could not be located

25-29 years

133 did not respond
5 le�ers of invita�on returned
7 declined
10 did not a�end

260 included

248 included

241 located

216 included

214 located

59 included

BW 1217 g (405)*
GA 29 w (3)*
Females 37 (63%)
Previous ROP 25 (42%)
Treated ROP 13 (22%)
Neurological complica�on 8 (14%)

157 not par�cipa�ng

BW 1200 g (356)*
GA 29 w (4)*
Females 74 (47%)
Previous ROP 61 (39%)
Treated ROP 12 (8%)
Neurological complica�on 24 (15%)
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3  | RESULTS

The demographic data are shown in Table 1. The results of the three 
Beery tests for the VLBW and control groups are given in Figure 2. 
Table 2 shows the results for the total study groups and for the pre-
term group divided according to level of ROP. There was a significant 
difference between the two study groups in all three tests: Beery 
VMI (P < 0.01), visual perception (P < 0.01) and motor coordination 
(P < 0.01). When comparing the three ROP subgroups with the con-
trol group, the preterm individuals without previous ROP had signifi-
cantly lower values than the control group on Beery VMI (P < 0.01), 
but not on the visual perception or the motor coordination tests. 
The results of those with untreated ROP did not differ enough to 
reach statistical significance compared to the control group on any 
test, but the cryotherapy treated individuals had significantly lower 
values than the controls on all three tests, Beery VMI P < 0.01, visual 
perception P < 0.05, motor coordination P < 0.05.

When comparing the results of the three Beery tests accord-
ing to sex, no significant difference was found between male and 

female participants in either the study group or the control group, 
see Table 3.

Within the VLBW group, no correlations between the Beery VMI 
test and GA or BW were found, and no significant differences ac-
cording to level of ROP in any of the three tests, although those with 
previously treated ROP had the lowest scores.

Further, among the preterm individuals, no correlations between 
distance and near VA and Beery VMI were detected. However, there 
was a correlation between the results of the visual perception test 
and contrast sensitivity, as the area under the curve in the better 
eye (coefficient 20.1, 95% CI 2.9-37.3, P < 0.05), in the multivariable 
analysis, but not regarding the other tests.

At 2.5 years corrected age, eight individuals of the pres-
ent preterm group had a neurological complication, see Table 1. 
Regarding Beery VMI, there was a significant difference between 
the subjects with a neurological complication at 2.5 years, median 
value 74.5 (IQR 37), and those without 92.0 (IQR 15) (P < 0.05), but 
not with regard to visual perception, 92.0 (IQR 15) vs 101.0 (IQR 15) 
or motor coordination 97.0 (IQR 27) vs 97.0 (IQR 16). In the multivari-
able regression analysis, neurological complication was a risk factor 
for reduced scores regarding Beery VMI (coefficient −15.2, 95% CI 
−26.6 to −3.9, P < 0.05).

The questionnaire revealed that 36/59 preterm individuals and 
33/44 controls had completed or were pursuing a university edu-
cation. Furthermore, 36 of the preterm individuals and 35 of the 
controls had a driving licence. Regarding daily activities, 43 of the 
preterm individuals and 38 of the controls were working or studying 
full time.

The results of the questionnaire regarding self-reported health 
revealed that the preterm individuals reported medical and mental 
health disorders more often than the controls. Eight preterm indi-
viduals and one of the controls reported depression. Five preterm 
individuals but no full-term subjects had a diagnosis of autism, and 
neurological morbidity was only reported by the preterm individuals, 
except for epilepsy, which was started from one participant of each 
group.

4  | DISCUSSION

The current population-based follow-up study showed that visual-
motor integration was affected in prematurely born adults compared 
with controls. They had a lower standardised score on all three parts 
of the Beery VMI, which is in line with previous studies involving 
children and adolescents.7,20 Those with previous ROP had the low-
est scores. Within the preterm group, no correlations were found 
with GA, BW, level of ROP or VA. However, better visual contrast 
sensitivity was correlated to better performance on the visual per-
ception part of the Beery VMI, and neurological complication was a 
risk factor for lower scores on Beery VMI.

There are very few population-based studies on the visual func-
tion, visual-motor integration and social outcome of preterm individu-
als, who were prospectively screened for ROP in infancy and examined 

TA B L E  1   Demographics of 59 prematurely born individuals and 
44 term born individuals

VLBW group 
(59)

Controls  
(44)

Birth weight (grams)

Median (IQR) 1217 (405) n/a

Range 700-1490 3000-4000

Gestational age (wk)

Median (IQR) 29 (3) n/a

Range 24-34 39-41

BCVA logMAR

Median (IQR) −0.08 (0.12) −0.16 (0.08)

Range −0.26 to 0.42 −0.30 to 0.02

Binocular near-VA logMAR

Median (IQR) −0.08 (0.10) −0.12 (0.09)

Range −0.26 to 0.48 −0.30 to 0.00

Contrast sensitivity (AUC)

Median (IQR) 2.06 (0.23) 2.18 (0.17)

Range 1.37-2.31 1.60-2.32

Sex m/f 22/37 26/18

No ROP m/f (N = 34) 16/18 n/a

Untreated ROP m/f (N = 12) 4/8 n/a

Treated ROP m/f (N = 13) 2/11 n/a

Neurology (at 2.5 y of age) 
m/fa 

4/4 n/a

Abbreviations: AUC, area under the curve; BCVA, best corrected visual 
acuity; f, female; IQR, interquartile range; m, male; N,number; n/a, not 
applicable; ROP, retinopathy of prematurity; VA, visual acuity; VLBW, 
very low birth weight.
aDefined as an intraventricular haemorrhage in the neonatal period 
and/or obvious neurological sequelae (epilepsy, cerebral palsy, or 
mental retardation). 
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throughout childhood and in young adulthood. Darlow et al have re-
ported on the visual function13 and social outcome21 in a large cohort 
of preterm young adults from New Zealand, born before the introduc-
tion of treatment for ROP. Molloy et al reported on the visual function 
and visual perception in a cohort from Australia of individuals aged 14 
to 20 born extremely preterm22 and found significantly poorer perfor-
mance in visual perceptual tasks in the preterm adolescents compared 
with the controls. In addition, the authors showed that those with 
previous severe ROP performed more poorly regarding visual-motor 
integration,8 which was in accordance with the present study. Molloy 
et al concluded that this association was largely mediated by other 
neonatal risk factors. It may reflect the fact that children who develop 
treatment-requiring ROP are the most immature and vulnerable.23

In a cohort from Stockholm, Sweden, Lundequist et al found that 
extremely preterm (GA < 28 weeks) individuals had significantly 
lower scores than controls on the Beery VMI, but the results of the 
very premature group (GA 28-31 weeks) did not differ significantly 
from those of the controls.7 In the current study, we found differ-
ences in all parts of the VMI test compared with controls (Figure 2), 
but did not further divide the VLBW group into subgroups of imma-
turity. However, within the preterm group we found no correlations 
with BW or GA.

In the present study, an extensive ophthalmological examination 
was performed,17 which made it possible to analyse the association 
between the results of the VMI test and visual function, assessed as 
VA and contrast sensitivity. Best-corrected distance VA and near VA 
did not correlate with the results of the Beery VMI in the preterm 
group. One can hypothesise that the VA was generally sufficiently 
good to accomplish the Beery VMI, even if VA was significantly 
lower among those born preterm compared with the controls.17 This 
emphasises that VA is only one of the many factors involved in the 
integration of visual perception and hand movements. Moreover, it 
relates to the finding that the preterm individuals with neurological 
complications in the present study had significantly lower scores on 
the main test, the Beery VMI, a test that is not only visually demand-
ing, but also cognitively.19

Contrast sensitivity, which is an important part of visual func-
tion, may be affected in persons with brain lesions.24 In the current 
study, a correlation between contrast sensitivity and performance 
on the visual perception test was found in the preterm group, con-
firmed in the multivariable analysis. It cannot be concluded if this 
finding was due to minor changes in the brain.

A lower proportion of preterm individuals than controls had or was 
pursuing university education at the age of 25-29. Relatively fewer 

F I G U R E  2   A-C, Boxplots with results of the Beery VMI, visual perception and motor coordination in very low birth weight and control 
adults, with the median and IQR inside the boxes. IQR, interquartile range, VMI, visual-motor integration



132  |     PÉTURSDÓTTIR eT al.

were also working or studying full-time. This was in accordance with 
the findings of other studies.4,12,21 In the study of social outcome, in 
which 71% of their original cohort participated, Darlow et al found 
lower rates of higher education and more welfare dependence.21 
However, the authors also concluded that in many aspects of health 
and social functioning the VLBW cohort had equivalent scores as the 
controls.

Driving a car is a task that requires amongst other skills, good 
visual-motor integration; in this study, significantly fewer preterm 
individuals had a driving licence compared with controls. The ques-
tionnaire also revealed an increased occurrence of health problems, 
notably depression and autism. This is in accordance with several 
previous reports on general health of prematurely born individu-
als.11,12 Moreover, the risk seems to be proportional to the degree of 
prematurity at birth,25 but this does not seem to affect the quality of 
life to the same extent.21

4.1 | Strengths and limitations

The strength of this project is its long-term prospective ophthalmo-
logical follow-up from birth to young adult age of a population-based 
group of preterm subjects, screened for ROP in the neonatal period. 
The ophthalmological examination in this study was extensive and 
performed on all participants by the same ophthalmologist and the 
Beery VMI by the same psychologist.

A limitation of the study was the low follow-up attendance rate, 
as can be the case with longitudinal studies. However, those who at-
tended at the 25-year follow-up did not differ regarding GA, BW, VA 

at 10 years and prevalence of neurological complications from those 
who did not attend compared with the 10-year follow-up.17 Another 
limitation was that no neurological examinations or magnetic reso-
nance imaging studies were performed on the premature group, 
which could have given valuable information on structural changes 
in the brain.

5  | CONCLUSION

The present study on prematurely born young adults shows that 
visual-motor integration was affected. The subjects born preterm, 
and especially those with severe treated ROP had the lowest test 
results. However, even those without a diagnosis of ROP fell below 
the controls, an indication of the cognitive dysfunction caused by 
the prematurity itself. The affected visual-motor integration found 
in the present study might potentiate visual problems of the young 
prematurely born adults.
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TA B L E  2   Results of Beery VMI, Visual Perception and Motor 
Coordination for preterm and control groups, median, IQR and 
range for different degrees of ROP in the eye with the higher 
degree of ROP

Beery 
VMI

Visual 
Perception

Motor 
Coordination

Median 
(IQR)

Median 
(IQR)

Median  
(IQR)

Range Range Range

Prematures (59) 87.0 (21) 97.0 (15) 97.0 (21)

45-107 45-107 45-107

No ROP (34) 89.5 (17) 99.0 (11) 97.0 (17)

45-103 45-107 45-107

Untreated ROP (12) 89.5 (27) 96.5 (26) 94.5 (16)

57-107 45-107 71-107

Treated ROP (13) 83.0 (18) 92.0 (18) 92.0 (16)

45-103 81-107 64-102

Controls (44) 103.0 (11) 101.0 (8) 102.0 (15)

72-107 86-107 71-107

Abbreviations: IQR, interquartile range; ROP, retinopathy of 
prematurity; VMI, visual-motor integration.

TA B L E  3   Results of Beery VMI, Visual Perception and Motor 
Coordination, median, IQR and range, for control and preterm 
groups, males and females

Beery 
VMI

Visual 
Perception

Motor 
Coordination

Median 
(IQR)

Median  
(IQR)

Median  
(IQR)

Range Range Range

Prematures (59)

Males (22) 87.0 (26) 97.0 (26) 92.0 (21)

45-107 45-107 45-102

Females (37) 87.0 (21) 101.0 (15) 97.0 (19)

50-107 45-107 56-107

Controls (44)

Males (26) 103.0 (11) 101.0 (7) 97.0 (20)

72-107 97-107 71-107

Females (18) 100.5 (15) 101.0 (9) 104.5 (11)

77-107 86-107 72-107

Abbreviations: IQR, interquartile range; VMI, visual-motor integration.
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