A Twin Study of Cognitive Costs of Low Birth Weight and
Catch-up Growth

G. FREDERIEK ESTOURGIE-VAN BURK, MD, MEeKe BARTELS, PHD, Rosa A. HoEeksTRA, PHD, TiNCA J.C. POLDERMAN, PHD,
HENRETTE A. DELEMARRE-VAN DE WaAL, MD, PHD, AND DORRET |. BooMsMa, PHD

Objective To investigate whether there is an association between catch-up growth and cognitive performance in humans.
Study design Catch-up growth was defined as the change in weight standard deviation scores during the first 2 years of life.
Cognitive performance was assessed with psychometric IQ tests, administered at ages 12 and 18 years. Data were collected in
twin pairs, and analyses were carried out within pairs.

Results There was a significant negative association between catch-up growth and IQ at both ages 12 and 18 years.
Conclusions A larger gain in weight during the first 2 years of life is associated with a lower 1Q. However, catch-up growth
is correlated with birth weight and this correlation may explain part of the association. (J Pediatr 2009;154:29-32)

everal studies have demonstrated a positive association between weight at birth and childhood IQ.' We showed in a twin
study that part of the positive association between birth weight and childhood IQ_may be mediated by genetic effects.?
We are interested whether there is any relation between catch-up growth and cognition, because a recent study reported
that in zebra finches the level of compensatory growth after a period of poor nutrition was associated with long-term negative
consequences for cognitive function.® During the early post-hatching period, same-sex sibling pairs of zebra-finches were
exposed to 2 different nutritional environments: a normal diet or a low-quality diet. After 20 days, normal nutrition was restored
in the deficit member of a pair. The degree of growth depression, the degree of compensatory growth when normal nutrition
was restored, and subsequent learning performance in adulthood were linked to each other. Within pairs, the size of
compensatory growth was negatively related to learning speed, but the hypo-caloric diet itself and the amount of early growth
depression were not related to learning speed. In humans, early postnatal catch-up growth and excessive childhood weight gain
have been related to obesity and an increased risk of adult cardiovascular disease and type 2 diabetes mellitus.”® A remaining
question is whether catch-up growth also influences cognitive function. In this paper, we
describe the role of catch-up growth during the first 2 years of life on 1Q_scores at ages
12 and 18 years. Between the third trimester of pregnancy and the age of 2 years, there
is a so-called critical spurt in brain growth.10 With human sibling pairs (twins), we aimed

to replicate the experimental design of the zebra finches study in humans. Same-sex twin From the Department of Pediatric Endocri-

pairs provide an ideally matched sibling pair because they share not only pre- and
post-natal maternal and family factors, but also sex and age. In addition, monozygotic
(MZ) pairs share 100% and dizygotic (DZ) pairs 50% of their genotype. We asked
whether intra-pair differences in catch-up growth correlate with intra-pair differences in
1Q. We hypothesized a negative relationship between change in weight during the first 2
years of life and 1Q_scores at age 12 and 18 years.

METHODS

Participants

Two groups of twin pairs were recruited through the Netherlands Twin Register
(NTR)."""* The first group is part of a longitudinal project on physical and mental
development. Cognitive ability was assessed at the ages of 12.0 years (SD, 0.1) and 18.0
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years (SD, 0.2). Data from opposite-sex DZ twin pairs were
excluded for 203 same-sex pairs. The second group of 149
same-sex twin pairs participated in a study of cognition and
attention. The age of the second sample was 12.4 years (SD,
0.2). Zygosity was determined on the basis of DNA poly-
morphisms or blood group polymorphisms in 98.6% of the
twin pairs and for the other twin pairs by questionnaire items
on similarity."*"® The agreement between zygosity assigned
by the replies to the questions and zygosity determined with
DNA markers/blood typing is around 939%.1¢

Intelligence Tests

In the first group, IQ_data were available for 154 same-
sex complete twin pairs at age 12 years and for 140 pairs at age
18 years (overlap is 91 pairs). At age 12 years, the twins
completed the entire Wechsler Intelligence Scale for Chil-
dren-Revised (WISC-R), Dutch version.’” At age 18 years,
11 of the 14 subtests of the Wechsler Adult Intelligence Scale
(WAIS-III), Dutch version, were used.'® From these 11
subtests, 4 index scores were derived. Full-scale IQ_was de-
rived as the composite score of these 4 index scores. For
turther details on the assessment procedure in this group, see
Bartels et al'® and Hoekstra et al."® In the second group, IQ_
data were available for 149 complete same-sex twin pairs. Six
subtests from the WISC-R, Dutch version were used.!” Stan-
dardized scores of this shortened form of the WISC correlate
0.94 with standardized IQ _scores based on all subtests of the
WISC-R, 141920

Growth Data

Catch-up growth was calculated as the standard devia-
tion score (SDS) for weight at 2 years of age minus the SDS
for weight at birth.” For example, when weight at 2 years was
0.5 SD below the mean reference value for that age and birth
weight was 1.5 SD below the mean reference value, then the
catch-up growth was +1 SDS. Information on birth weight
and gestational age was collected by using questionnaires at
the time of registration of the twins. Weight data at age 2
years were obtained from the Dutch National Health Ser-
vices. We selected the measurement between the age of 1.5
and 2.5 years closest to the age of 2.0 years. Weight data at
age 2 years were standardized dependent on sex and age by
using the Dutch reference growth charts for the general
population from 1997.21 SDS for weight were calculated with
the software package Growth analyser 3.22 For weight at
birth, we used the reference data of Niklasson et al** with
correction for gestational age. When birth weight SDS or
weight SDS deviated 2.5 SDs from 0, data were checked for
data-entry errors.

From the first sample, we excluded 1 pair because of
extreme values and 53 pairs because of incomplete weight
data. From the second sample, 19 twin pairs were excluded
because of incomplete data. Finally, from the first sample, 109
pairs aged 12 years and 116 pairs aged 18 years (overlap, 76

pairs) were available for analysis, and from the second sample,
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130 pairs were available. The first sample consisted of 55 MZ
and 54 DZ twin pairs at the age of 12 years and 60 MZ and
56 DZ twin pairs at the age of 18 years. The second sample
was composed of 82 MZ and 48 DZ twin pairs.

Data Analysis

SPSS-12 software was used to perform the descriptive
analyses and the paired # test (SPSS Inc). The paired # test was
used to compare twins with the lowest catch-up growth from
each pair with their co-twins with the highest catch-up
growth. When catch-up growth was equal within a twin pair,
the twin pair was excluded for the # test analyses. To avoid
birth order effect from interfering with our analyses, twin-1—
twin-2 status within a pair was randomly assigned by using
SPSS. Intra-pair differences for catch-up growth and IQ_were
computed by subtracting the scores of twin-1 from those of
twin-2. Correlations and their 95% Cls were estimated be-
tween the intra-pair differences in catch-up growth or birth
weight SDS and IQ_by using the statistical package Mx.**

RESULTS

The mean gestational age of all twins from both sam-
ples was 36.9 weeks (SD, 2.4), with a minimum of 29 weeks
and a maximum of 41 weeks. Sixty percent of the twin pairs
were born at term (gestational age =37 weeks). For each twin
pair, the twin with the highest and the lowest catch-up
growth was identified. For these groups, Table I provides
means and SDs for catch-up growth, birth weight, birth
weight SDS, weight SDS, and IQ. One pair from the second
sample had to be excluded from these analyses because the
catch-up growth of both twins was equal. Twins with the
lowest catch-up growth within a pair were significantly
heavier at birth. At age 2 years, they had a significantly lower
catch-up growth than their co-twins who had lower birth
weight. Table II shows significant negative correlations be-
tween intra-pair differences in catch-up growth and IQ at age
12 years (both samples) and 18 years. Thus, within pairs, a
larger gain in weight during the first 2 years of life is associ-
ated with a lower 1Q. Within twin pairs, differences in birth
weight SDS were significantly and positively associated with
differences in IQ at ages 12 and 18 years (Table II), confirm-
ing earlier observations that the twin who is heavier at birth
has higher 1Q_scores later in life. Birth weight SDS and
catch-up growth were significantly negatively correlated in
both samples and the correlation did not differ in the 2
samples (r = -0.71; x*;, P = .48). A paired ¢ test showed that
co-twins with the lowest birth weight were significantly
lighter at age 2 years. They had a significantly higher catch-up
growth and lower IQ_scores at age 12 years than their co-
twins with the highest birth weight (P < .01).

Excluding twin pairs with a gestational age <37 weeks
from the analysis did not systematically effect on the associ-
ation between catch-up growth and IQ_(Table II). Confi-
dence intervals of both correlations show a large overlap.
Therefore, prematurity appeared not to be of major impor-
tance in the association between catch-up growth and 1Q.
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Table I. Means and standard deviations for catch-up growth, birth weight (g), birth weight standard
deviation scores, standard deviation scores for weight at age 2 years, and full-scale 1Q for twins with the

lowest and the highest catch-up growth

Lowest catch-up

Highest catch-up

Sample N growth growth P value
Catch-up growth I 149 0.42 = 1.05 1.01 £ 1.17 <.001
I 129* 0.39 £ 1.02 1.09 = 1.06 <.001
Birth weight I 149 2594 + 472 2398 + 478 <.001
I 129%* 2657 + 503 2424 + 530 <.001
Birth weight SDS I 149 —0.68 = 0.92 —1.18 = 0.99 <.001
I 129% —0.58 = 0.88 —1.18 = 0.98 <.001
SDS weight age 2 I 149 —0.26 = 0.95 —0.17 = 1.05 12
I 129* —0.19 = 1.00 —0.09 = 1.00 .098
IQ 12 years | 109 101.3 = 12.7 100.5 = 123 41
I 129%* 101.6 = 153 984 + 134 .002
IQ 18 years | 116 102.1 = 8.9 101.8 = 8.8 .67

*One pair had to be excluded because the catch-up growth within the pair was equal.

Table Il. Pearson correlations between intra-pair differences in catch-up growth/birth weight standard

deviation scores and intra-pair differences in 1Q

Correlation

Correlation in pairs

in all pairs with GA = 37
Sample n (95% CI) P value n weeks (95% CI) P value
IQ age 12 | 109 ACUG-AIQ -0.21 X = 3.51 64 ACUG-AIQ —0.32 X*, = 824
years (-0.37-0.04) P=.02 (-0.50--0.11) P = .004
ABW-AIQ 0.24 X =6.728 ABW-AIQ 0.36 X' =973
(0.06-.040) P = .009 (0.14-0.54) P =.002
Il 130 ACUG-AIQ -0.28 X’ =1082 81 ACUG-AIQ —0.23 X =724
(-0.43—-0.12) P = .00l (-0.41--0.02) P = .007
ABW-AIQ 0.25 X =782 ABW-AIQ 0.24 x*, = 5.05
(0.09-0.40) P =.005 (0.03-0.42) P=.025
IQ age I8 | 16 ACUG-AIQ —0.22 X = 6.4l 68 ACUG-AIQ -0.29 X =474
years (—0.38--0.05) P =0l (-0.47--0.08) P =.029
ABW-AIQ 0.24 x>, =8.96 ABW-AIQ 0.26 X, =625
(0.07-0.40) P =.003 (0.06-0.45) P = .00l

ACUG-AIQ, Intra-pair differences in catch-up growth and intra-pair differences in 1Q; ABW-AIQ, intra-pair differences in birth weight SDS and intra-pair differences in 1Q; G4,

gestational age.

The correlations between intra-pair differences in catch-up
growth and IQ were similar in MZ and DZ pairs, suggesting
that this association may not be mediated by genetic effects
(data not shown).

DISCUSSION

We investigated the relation between catch-up growth
and cognitive ability in humans. Like in the “zebra finch
study,” we used a family design with pairs of siblings (twins)
to evaluate the association between catch-up growth and 1Q.
Intra-pair analyses are ideal for this type of research; the
co-twin provides the matched control, and no confounding
factors, such as maternal height and 1Q, parental social class,
or diet, have to be controlled for.

Our results showed that within pairs there was an
inverse association between catch-up growth and 1Q_at the
ages of 12 and 18 years. The twin showing more catch-up
growth in weight during the first 2 years of life had lower IQ_

scores both at ages 12 and 18 years. The correlations were
modest, with values between —0.2 and —0.3. The association
was not caused by an effect of prematurity, because excluding
prematurely born twins gave similar results.

Our study, however, illustrates the difficulty in differ-
entiating the effects of birth weight from the effects of
catch-up growth. Generally, children with a lower birth
weight show more catch-up growth. An interesting question
is whether the relation between catch-up growth and IQ_can
be explained by birth weight or by a combination of birth
weight and catch-up growth. Fisher et al were able to ma-
nipulate the nutritional environment and induce compensa-
tory growth in zebra finches.® They could separate the effects
of growth during nutritional deficit from the effects of com-
pensatory growth, because these 2 effects were not signifi-
cantly correlated. We tried to distinguish the effects associ-
ated with birth weight from those of catch-up growth by
looking in a subgroup of the 12-year-old twins, those with
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comparable birth weight (difference in birth weight <165 g;
n = 83 pairs). The association between intra-pair differences
in catch-up growth and IQ_was negative (r = —0.18), but did
not reach statistical significance (P = .10). However, this
finding is in line with our theory that catch-up growth may
have a negative effect on cognitive development. Unfortu-
nately, the subgroup was small, and these analyses require
larger samples. A design with a large number of twins of
comparable birth weight discordant for catch-up growth is
needed to elucidate the role of catch-up growth and separate
it from the effect of birth weight.

A limitation because of ethical reasons is that catch-up
growth cannot be induced in humans by creating a nutritional
deficit and comparing these individuals to others receiving a
normal diet. Therefore research with animal models can help
us to clarify the role of catch-up growth. There are several
studies that related nutrient-enriched diet to better cognitive
outcome,>> 2% but these studies looked at the association
between diet and cognitive function rather than compensatory
growth and cognitive development. A study in full-term ba-
bies who were small for gestational age compared the effect of
standard formula and enriched formula on neurodevelop-
ment.?’ Children who were fed with enriched formula had
greater gains in length and head circumference, but had
poorer neuro-developmental outcome at 9 months of age.
This was especially marked in girls, who showed the greatest
compensatory growth. These findings support our results that
catch-up growth may have negative effects on cognitive abil-
ities. However, the developmental disadvantage at 9 months
was not seen at the age of 18 months.

Adequate caloric intake is needed for proper brain
growth and cognitive development, particularly in preterm
infants requiring higher caloric intake. However, promoting
nutrient-enriched diets to induce catch-up growth should be
done with caution because catch-up growth has not only been
associated with obesity and disease in later life, but also may
have a negative effect on cognitive development. The mech-
anism by which increased physical growth rates may adversely
affect cognitive function is still unclear. Compensatory
growth may require more energy, which could come at the
expense of neural development. Another possibility is that a
period of catch-up growth induces a kind of stress, which may
impair hippocampal function. The hippocampus is important
for processes of learning and memory. Stress is known to alter
hippocampal plasticity and memory in a negative Waly.30 Re-
cently, early calorie intake was related to caudate volumes and
IQ.*! The high-nutrient group had larger caudate volumes
and higher verbal IQ_scores The association between com-
pensatory growth and neurodevelopmental outcome could
relate to the caudate nucleus.

REFERENCES

1. Breslau N, DelDotto JE, Brown GG, Kumar S, Ezhuthachan S, Hufnagle KG, et
al. A gradient relationship between low birth weight and IQ_at age 6 years. Arch Pediatr
Adolesc Med 1994;148:377-83.

32 Estourgie-van Burk et al

2.  Boomsma DI, van Beijsterveldt CE, Rietveld MJ, Bartels M, van Baal GC.
Genetics mediate relation of birth weight to childhood IQ. BMJ 2001;323:1426-7.

3. Matte TD, Bresnahan M, Begg MD, Susser E. Influence of variation in birth
weight within normal range and within sibships on IQ_at age 7 years: cohort study. BMJ
2001;323:310-4.

4.  Richards M, Hardy R, Kuh D, Wadsworth ME. Birth weight and cognitive
function in the British 1946 birth cohort: longitudinal population based study. BMJ
2001;322:199-203.

5.  Christensen K, Petersen I, Skytthe A, Herskind AM, McGue M, Bingley P.
Comparison of academic performance of twins and singletons in adolescence: follow-up
study. BMJ 2006;333:1095.

6.  Fisher MO, Nager RG, Monaghan P. Compensatory growth impairs adult cog-
nitive performance. PLoS Biol 2006;4:¢251.

7. Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB. Association
between postnatal catch-up growth and obesity in childhood: prospective cohort study.
BM]J 2000;320:967-71.

8.  Ong KK. Size at birth, postnatal growth and risk of obesity. Horm Res 2006;65
Suppl 3:65-9.

9.  Singhal A, Cole TJ, Fewtrell M, Deanfield J, Lucas A. Is slower early growth
beneficial for long-term cardiovascular health? Circulation 2004;109:1108-13.

10. Dobbing J. Nutritional growth restriction and the nervous system. In: Davison
AN, Thompson RHS, editors. The molecular basis of neuropathology. London: Edward
Arnold; 1981. p. 221-3.

11. Boomsma DI, Orlebeke JF, van Baal GC. The Dutch Twin Register: growth data
on weight and height. Behav Genet 1992;22:247-51.

12. Boomsma DI, Vink JM, van Beijsterveldt TC, De Geus EJ, Beem AL, Mulder EJ,
et al. Netherlands Twin Register: a focus on longitudinal research. Twin Res
2002;5:401-6.

13. Bartels M, Rietveld MJ, van Baal GC, Boomsma DI. Genetic and environmental
influences on the development of intelligence. Behav Genet 2002;32:237-49.

14. Polderman TJ, Stins JF, Posthuma D, Gosso MF, Verhulst FC, Boomsma DI.
The phenotypic and genotypic relation between working memory speed and capacity.
Intelligence 2006;34:549-60.

15. Hoekstra RA, Bartels M, Boomsma DI. Longitudinal genetic study of verbal and
nonverbal IQ_from early childhood to young adulthood. Learn Individual Differences
2007.

16. Rietveld MJ, Der Valk JC, Bongers IL, Stroet TM, Slagboom PE, Boomsma DI.
Zygosity diagnosis in young twins by parental report. Twin Res 2000;3:134-41.

17. Van Haasen PP, De Bruyn EE], Pijl Y], Poortinga YH, Lutje-Spelberg HC,
Vander Steene G, et al. Wechsler Intelligence Scale for Children-Revised, Dutch
version. Lisse, The Netherlands: Swets and Zeitlinger B.V.; 1986.

18. Wechsler D. Wechsler Intelligence Scale for Children-manual. Lisse: Swets &
Zeitlinger B.V.; 2000.

19. Sattler JM. Assessment of children’s intelligence and special abilities. Boston:
Allyn and Bacon, Inc; 1982.

20. Sattler JM. Assessment of children: WISC-IIT and WPPSI-R supplement. San
Diego: SA, England; 1992.

21. Fredriks AM, Van Buuren S, Burgmeijer R], Meulmeester JF, Beuker R], Brug-
man E, et al. Continuing positive secular growth change in The Netherlands 1955-1997.
Pediatr Res 2000;47:316-23.

22. Growth Analyser 3. Application. Rotterdam, The Netherlands; 2004.

23. Niklasson A, Ericson A, Fryer JG, Karlberg J, Lawrence C, Karlberg P. An update
of the Swedish reference standards for weight, length and head circumference at birth for
given gestational age (1977-1981). Acta Paediatr Scand 1991;80:756-62.

24. Neale MC, Boker SM, Xie G, Maes HH. Mx: statistical modeling. Computer
program. Richmond, VA: VCU Department of Psychiatry. 7th Edition; 2006

25. Lucas A, Morley R, Cole TJ. Randomised trial of early diet in preterm babies and
later intelligence quotient. BM] 1998;317:1481-7.

26. O’Connor DL, Hall R, Adamkin D, Auestad N, Castillo M, Connor WE, et al.
Growth and development in preterm infants fed long-chain polyunsaturated fatty acids:
a prospective, randomized controlled trial. Pediatrics 2001;108:359-71.

27. Wharton BA, Morley R, Isaacs EB, Cole TJ, Lucas A. Low plasma taurine and
later neurodevelopment. Arch Dis Child Fetal Neonatal Ed 2004;89:F497-8.

28. Sachdev H, Gera T, Nestel P. Effect of iron supplementation on mental and
motor development in children: systematic review of randomised controlled trials. Public
Health Nutr 2005;8:117-32.

29. Morley R, Fewtrell MS, Abbott RA, Stephenson T, MacFadyen U, Lucas A.
Neurodevelopment in children born small for gestational age: a randomized trial of
nutrient-enriched versus standard formula and comparison with a reference breastfed
group. Pediatrics 2004;113:515-21.

30. Kim]JJ, Song EY, Kosten TA. Stress effects in the hippocampus: synaptic plasticity
and memory. Stress 2006;9:1-11.

31. Isaacs EB, Gadian DG, Sabatini S, Chong WK, Quinn BT, Fischl BR, et al. The
effect of early human diet on caudate volumes and IQ. Pediatr Res 2008;63:308-14.

The Journal of Pediatrics * January 2009



	A Twin Study of Cognitive Costs of Low Birth Weight and Catch-up Growth
	METHODS
	Participants
	Intelligence Tests
	Growth Data
	Data Analysis

	RESULTS
	DISCUSSION
	REFERENCES


