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Optimisation of birth weight and growth in the first 2
years favours an adult body composition which
supports more physiological resting metabolic rates and
cognitive function : Tanjungsari Cohort Study (TCS)
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Background and Objectives: Resting metabolic rate and cognitive function may be associated with several fac-
tors, such as birth weight, growth, and fat-free mass in adulthood. The Tanjungsari Cohort Study (TCS) of 1988,
to do with a maternal-child Risk Approach Strategy (RAS), provided the opportunity to determine the associations
between birth weight, growth at 2 years, and body composition with adult resting metabolic rate and cognitive
function. Methods and Study Design: In 2009 some 197 and, in 2017,144 of these representative participants
from the TCS were assessed for energy intake, anthropometry, body composition, indirect calorimetry, and
cognitive function in relation to low (ALBW, n=66) or normal (ANBW, n=78) birth weight. Associations were
adjusted for basic demographic data. Results: Resting metabolic rate was positively associated with birth weight,
body weight at 2 years of age, body mass index and fat free mass in adult life. Time to finish the Trail Making
Test-A (TMT-A), a test of attention span, was significantly longer in the ALBW than the ANBW group
(41.4+12.8 vs 37.8+15.6, p=0.005). In the ALBW group, weight catch-up improved TMT-A and logical memory
test scores (29.5 vs 34.9.41, p=0.004; and 39.3 vs 29.4, p=0.04, respectively). Conclusions: Low birth weight
was associated with poorer attention span in adult life; body weight gain at 2 years of age with better attention
and memory function in adult life; a greater body mass index in adult life with better memory in adult life.
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INTRODUCTION

Resting metabolic rate (RMR), which represents 80% of
total energy expenditure in most (adult) sedentary indi-
viduals, is a predictive factor for the occurrence of future
weight gain.> A meta-analysis on formerly obese indi-
viduals revealed a 3%—5% lower RMR than in the control
group, suggesting the potential for weight regain in the
formerly obese individuals.! Obesity is an important
public health epidemic linked to adverse health conse-
quences including cardiovascular disease, type 2 diabetes,
dementia and malignant disorders.>*

Among the factors affecting RMR are birth weight and
fat-free mass in adulthood.’ Birth weight is a critical fac-
tor influencing health in later life. Results of studies on
the relationships between birth weight and RMR remain
inconclusive, however. In the Pima Indian study and a
cohort study conducted in Helsinki, birth weight was
proven to be negatively associated with RMR.>® Con-

versely, a study in a Caucasian population in Southamp-
ton, the United Kingdom, showed that birth weight was
positively associated with RMR.° (Figure 1)

Rapid (catch-up) weight gain in early childhood is in-
dependently and consistently associated with fat mass and
fat-free mass.!® Several studies have demonstrated that
fat-free mass is strongly correlated with RMR, whereas
studies linking catch-up in early growth with RMR are
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Figure 1. TCS conceptual framework for birth weight, growth at 2 years, resting metabolic rate (RMR) and cognition

relatively few.>!%!! Obesity is known to have an associa-
tion with low RMR; however, the results obtained by
studies have been inconsistent. Several longitudinal stud-
ies reported associations between low RMR during child-
hood and adulthood with later weight gain and obesity
development.'>!3 However, other studies did not identify
this association, '3

The association between birth weight and cognition
has been clearly demonstrated by population-based stud-
ies.!®!” Four studies have revealed a positive linear rela-
tionship across the whole range of birth weights. A 1997—
1999 birth cohort study conducted in Denmark explored
the correlation between birthweight and cognitive func-
tion in 4300 young adults, and a strong relationship was
identified between cognitive function and birthweight for
weights of up to 4200 g (adjusted for gestational age),
birth length, and other variables. !¢

Many early studies have found associations between
LBW and poor cognitive performance.?’?* Infants with
LBW (birth weight <2500 g), very low birth weight
(VLBW, <1500 g), and extremely low birth weight
(ELBW, <1000 g) are considered to have a higher risk of
attention deficit,”>?3executive function disorder,'®?*? and
low-average to borderline intelligence quotient (1Q).2%%°
Cohort studies have demonstrated that more than 50% of
adolescents with ELBW had learning difficulties (in
mathematics, writing, reading, or spelling), and the effect
of LBW accounted for a 0.4 x standard deviation (SD)
decrease in mathematics scores and 0.25 x SD decrement
in reading scores.®*! Such cognitive disadvantages, in
turn, may lead to low school achievement and may persist
into early adulthood,**"* resulting in low socioeconomic
status in the future.'® The association between cognitive
deficit and LBW was further confirmed by a recent meta-
analysis on 12,137 participants, which reported that the
weighted mean difference in IQ score between normal
birth weight (NBW) and LBW individuals was 10 (95%
CI19.26-11.68).%!

The understanding of the pathophysiology of cognitive
impairment in low birth weight has grown rapidly. Pla-
cental insufficiency is considered the principal cause of
intrauterine growth retardation (IUGR).3%%” Placental in-
sufficiency results in chronic fetal hypoxemia, reduced
nutrient availability and fetal hypoglycemia,*® which in
turn decreases fetal growth rate.3® The growth-restricted
fetus responses to the chronic hypoxia with slowing its
growth rate, and redistributing cardiac output to favour
essential organs such as brain (brain sparing).3%3°

Post-natal catch-up growth, defined as growth velocity
greater than the median for a given age and sex following
a period of growth inhibition, is the consequence of an
infant being born with weight in a lower centile than the
infant’s genetic potential.***! Catch-up growth in the first
2 years has certain advantages; it causes superior neuro-
development, enhanced immune function, and a taller
final adult height. The association between catch-up
growth and cognitive function is still somewhat unclear.
A cohort study conducted in the United Kingdom on 3418
children with gestational age at birth less than 36 weeks
reported that birthweight and postnatal weight gain in the
first 2 years of life were positively associated with cogni-
tive and educational attainment at the age of 10 years.*
Another study from Guatemala discovered that early
postnatal growth (0-2 years), but not prenatal or late
postnatal growth, predicts women’s later educational
achievements.*?

Most of these studies were focused on the intelligence
quotient (IQ) of severe low birth weight individuals
(VLBW and ELBW), while studies which specifically
focused on the effects of moderate low birth weight
(MLBW) on cognitive function were rare. Also, the use
of specific-domain neuropsychological tests may enable
us to pick-up cognitive domains changes which are sensi-
tive to chronological given growth period such as catch-
up growth in early life and its effect on adult life cogni-
tion.
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Figure 2. Flowchart of subject selection from the maternal-child RAS of 1988 which provided the TCS follow-ups from 2009 (RMR) to
2017 (Cognitive function). RAS: The Risk Approach Strategy; ALBW: adult with history of low birth weight; ANBW: adult with history
of normal birth weight; FOAD: fetal origin of adult disease; low birth weight <2500 g.

The present study was conducted to determine the as-
sociation between birth weight, growth period at the age
of 2 years, and body composition with RMR and investi-
gated whether there existed a specific cognitive deficit in
adult with history of LBW (2000-2499 g) as compared
with adult with history of NBW (>2500 g). The study also
evaluated the effect of weight gain and catch-up at 2
years of age in adult life, on the cognitive function of
adults.

The Tanjungsari Cohort Study (TCS) is a longitudinal
study that was initiated by The Risk Approach Strategy
(RAS) study, a mother-newborn cohort study in 1988.44
In 2017, the newborn generation reached adult age, thus
allowing studies to observe the journey from birth to
adulthood. (Figure 2).

MATERIALS AND METHODS

Sample sizes for RMR in 2009 and cognitive function in
2017

We calculated the appropriate sample size based on the
Fetal Origin of Adult Diseases study (FOAD) by using a
one-sided test, resulting in 180 participants to be divided
into two groups: low and normal birth weight.**3 For the
presumed and defined reasons (loss to follow-up, exclu-
sion criteria, and refusal to participate in the study), added
20% to our calculations, resulting in 216 participants. Of
the estimated 216 participants, 19 refused to participate in
the study, leaving a total of 197 participants for final
analyses for RMR. Figure 2 illustrates the flow chart of
subject recruitment starting from the Risk Approach
Strategy (RAS) study and its subsequent derivative
studies including the current TCS.*

Recruitment of the subjects

The ultimate participant recruitment was undertaken in
2017. They were considered eligible to this study if they
were involved in the FOAD study in 2009 and residing in
Tanjungsari Subdistrict, Sumedang District, West Java
Province, Indonesia. Of the total’ 151 subjects of 2017
study agreed to join,*® seven adults were excluded from
this study. Therefore, 144 subjects were finally included
in the ccognitive function study, consisting of 66 adults
with a low birth weight history (ALBW) and 78 adults
with a normal birth weight history (ANBW).

Participants were excluded if they were pregnant or
unwilling to follow all the prerequisites before their phys-
ical examination. Prerequisites included fasting for 12
hours and abstaining from smoking, drinking alcohol, and
consuming caffeinated drinks 4 hours prior to the exami-
nation. Additionally, the participants were not permitted
to exercise within 2 hours of the examination or to con-
sume any sort of laxative lactulose drug in preceding 24
hours. Any participants who took analgesic drugs within
1 hour of their examination were also excluded. Well
trained ccommunity health workers or cadres (kaders),
who were involved in the FOAD study, contacted partici-
pants by visiting their homes, which were spread out over
27 villages within Tanjungsari Subdistrict, based on the
recorded addresses provided by the GIN. Prior to
assessments of body composition, metabolic indicators,
and neuropsychological assessment, verbal consent to
join the research was obtained.

The overall study protocol was reviewed and approved
by the Ethics Committee of the Faculty of Medicine of
Universitas Padjadjaran, Number 16/UN6.C.10/PN/2018.
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Body composition and metabolic assessments
Participants who stated their consent to join the research
were subsequently taken to the metabolic laboratory of
the Faculty of Medicine, Universitas Padjadjaran, accord-
ing to the previously determined schedule. They under-
went clinical examination consisting of measurements of
blood pressure, anthropometry, body composition (fat
mass and fat-free mass), indirect calorimetry, and total
energy intake. Birth weight history and growth at 2 years
of age were obtained from previous TCS data.** Determi-
nation of catch-up at the age of 2 years is described in a
previous report.** Anthropometric and blood pressure
measurements were performed using standard techniques
as reported elsewhere.’® Body weight, fat mass, and fat-
free mass were measured using a tetrapolar bioelectrical
impedance analysis scale (TANITA SC-240 MA, Tanita
Health Equipment HK Ltd., Kowloon, Hong Kong),
whereas height was measured using a stadiometer (SECA
204, SECA GmBH, Hamburg, Germany). All anthropo-
metric measurements were conducted twice, and a third
measurement was made only in the instance that the dif-
ference between the first two measurements exceeded 0.1
kg or 0.1 cm for weight and height, respectively. The
measurement results were recorded on an electronic an-
thropometry form using a computer.

RMR was measured using indirect calorimetry
(QUARK RMR, Cosmed, Rome, Italy). The measure-
ments were performed in a quiet room, and all patients
used a hood canopy. During the test, the patient lay down
and was asked to not fall asleep. Measurements were rec-
orded at 5-s intervals for 16 min. Calibration was per-
formed prior to every examination. Oxygen consumption
(VO,) and the production of carbon dioxide (VCO;) in
litres per minute, as well as the tidal volume, were meas-
ured. RMR values were obtained in kilocalories (kcal) per
day by using the Weir Formula: [3.941 (VO) + 1.106
(VCO,)] x 1440. The respiratory coefficient (RQ) was

Table 1. Clinical characteristics of participants

calculated as RQ = (VCO,/ VO,).!' Total energy intake
was measured using a semiquantitative food frequency
questionnaire.>

Neuropsychological assessment

This study focused on attention, memory, visual-motor
speed, and executive function, and these variables have
been documented in previous studies.?®=° Neuropsycho-
logical tests were administered in the Indonesian lan-
guage. Attention was assessed using the Trail Making
Test-A (TMT-A). Visuospatial function was assessed
using the constructional praxis test. Memory was assessed
using verbal word lists (immediate and delayed recall and
recognition tests) and recall of constructional praxis tests.
Visualmotor function was assessed using the Digit Sym-
bol Substitution Test (DSST). Executive functioning was
assessed using the Animal Fluency Test and Trail Making
Test-B (TMT-B).

Statistical analyses

Data was analyzed using SPSS software version 23. All
variabel were described in mean + SD or mean rank. Data
normality were analyzed using Kolmogorov-Smirnov.
Linear regression was used to determine the effect of de-
mographic and clinical data on RMR and cognitive do-
main scores.

RESULTS

Of the 197 subjects who participated in the 2009 study,
151 people still resided in Tanjungsari and gave their
consent to participate in the follow-up study. However,
prior to the examination, it was determined that four
women were pregnant, and that three people ate breakfast
the morning prior to their examination (one exclusion
criterion), resulting in 144 people being examined (74
men and 70 women). No significant differences were
identified between ALBW and ANBW groups regarding

Characteristics Men - Women -
Mean SD Min-Max Mean SD Min-Max
At birth
Birth weight (kg) 2.7 0.45 2-3.8 2.6 0.25 2.1-34
Birth length (cm) 46.9 2.33 41-52 46.1 2.56 41-54
WAZ -1.5 1.05 -3.21-0.89 -1.6 0.86 -2.81-0.36
HAZ -1.6 1.22 -4.69-1.12 -1.7 1.4 -4.37-2.60
At 2 years of age
Weight (kg) 10.3 1.09 6.5-12.3 9.9 1.10 8-13
Height (cm) 78.3 3.56 67-87 77.5 3.99 65-86
WAZ -0.8 1.46 -4.73-2.51 -1.3 1.48 -3.62-2.93
HAZ -3.1 1.14 -6.73--0.30 -2.8 1.22 -6.58--0.17
Adult life
Age (years) 28.4 0.64 27-30 28.3 0.58 27-29
Weight (kg)
Height (cm) 163.9 5.08 153-176 151.9 5.44 141-164
Body mass index (kg/m?) 21.1 3.69 15.1-36.8 24.4 4.63 16.2-36.5
Waist circumference (cm) 74.1 9.98 61-109 80.8 11.57 59-115
Fat mass (kg) 9.6 8.54 1.40-51.5 19.5 8.56 4.6-42
Fat free mass (kg) 48.4 6.58 39.00-83.10 36.8 4.03 30.1-51.6
Resting metabolic rate (kcal/24 h)  1459.3  224.8 912-2548 1346.1 219.18 924-2093
Total energy intake (kcal/day) 2242.6 5264 1142.4-4012.9 1802.2 457.27 821.7-3039.3

WAZ: weight for age z-score; HAZ: height for age z-score.
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Table 2. RMR (kcal/24 h) in men and women according to birth weight, catch-up at 2 years, and BMI in adult life

Men Women
Mean (SD) n Mean (SD) n
Birth weight
Low birth weight (<2500 g) 1409.9 (187.6) 27 1317.0 (219.1) 39
Normal birth weight (2500 g) 1495.5 (243.9) 47 1392.3 (215.3) 31
p value for trend 0.09 0.16
2 years age
Body weight
Catch-up 1409.3 (197.2) 33 1403.7 (233.0) 27
No change 1463.8 (188.6) 27 1277.6 (143.3) 24
Catch-down 1570.4 (311.6) 14 1350.7 (261.2) 19
p value for trend 0.07 0.12
Body height
Catch-up 1549.4 (157.6) 7 1499.5 (258.5) 12
No change 1558.7 (305.5) 17 1401.6 (254.8) 21
Catch-down 1413.4 (187.1) 50 1264.8 (138.4) 37
p value for trend 0.04* 0.001*
Adult life
Body mass index
Underweight (<18.5) 1308.0 (189.7) 17 1249.5 (245.6) 6
Normal (18.6-22.9) 1466.5 (162.7) 42 1257.0 (146.9) 25
Overweight (>23) 1612.1 (303.0) 15 1418.0 (231.7) 39
p value for trend <0.0001" 0.007
*p<0.05.
3000.00]
= Q
=
g
o
o
=
o 2000.00-
v
2
a o
&
a
£
=
=
& 1000.00
@
o
0o T T T T T T
00 20.00 40.00 60.00 50.00 100.00

Fat Free Mass (kg)

Figure 3. Correlation between RMR and fat-free mass in adulthood (r=0.62, p<0.001).

demographic data. Birth weight, body weight, body
length and WAZ at 2 years age were significantly lower
in the ALBW than ANBW group. In adult life, body
weight, body height, fat free mass and resting metabolic
rate were lower in the ALBW than ANBW group. (Table
1).

There were 27 men (41.9% of the men) and 39 women
(61.4% of the women) with low birth weight. No signifi-
cant difference was discovered in the RMR between birth

weight groups among the men or women. At 2 years age,
height was associated with RMR; in adulthood, BMI was
associated with RMR (Table 2).

In further analysis, we discovered a moderate positive
correlation between RMR and fat-free mass (r=0.62,
p<0.001), as shown in Figure 3.

Linear rregression analyses were performed to estimate
the association of clinical characteristics with RMR, and
these analyses were adjusted for sex and fat mass (Table
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Table 3. Association between clinical characteristics at birth, 2 years, in adulthood and RMR

Resting metabolic rate, kcal/24 hours

Resting metabolic rate, kcal/24 hours

Clinical characteristic (not adjusted) (adjusted)’
B (95%CI) p value B (95%CI) p value
Birth
Birth weight (g) 0.2 (0.09, 0.27) <0.001" 0.2 (0.09, 0.16) 0.03"
Birth length (cm) -2.9 (-18.7, 12.4) 0.71 -9.5(-22.2,7.9) 0.13
WAZ 70.4 (32.9, 107.9) <0.001" 34.8 (3.10, 66.6) 0.03"
HAZ -12.0 (-41.38,17.4) 0.42 -13.9 (-41.1, 5.17) 0.13
2 years of age
Weight (kg) 83.2(52.1, 114.4) <0.001" 34.0(4.58, 63.5) 0.02"
Height (cm) 21.1(11.7, 30.5) <0.001" 10.8 (2.67, 18.9) 0.01"
WAZ 40.7 (16.1, 65.3) 0.001" 8.8 (-12.7,30.2) 0.42
HAZ 54.8(24.2,85.4) 0.001" 34.4 (8.4, 60.5) 0.01"
Adult life
Age (years) 18.8 (-42.3,79.9) 0.54 7.9 (-40.8, 56.7) 0.75
Weight (kg) 14.7 (12.3, 17.1) <0.001" 18.0(13.5, 22.6) <0.001"
Height (cm) 12.0(7.7, 16.3) <0.001" 12.8 (7.5, 18.2) <0.001*
Body mass index (kg/m?) 24.8(17.4,32.2) <0.001" 29.0(14.7, 43.3) <0.001"
Waist circumference (cm) 9.9 (6.9, 12.8) <0.001* 12.5(9.73, 15.2) <0.001*
Fat free mass (kg) 16.8 (12.9, 20.7) <0.001" 15.9 (9.23,22.7) <0.001"
Total energy intake (kcal) 0.1(-0.01, 0.12) 0.14 0.0 (-0.03, 0.09) 0.32
WAZ: weight for age z-score; HAZ: height for age z-score.
fAdjusted by sex and fat mass.
Table 4. Comparison of neuropsychological test scores between ALBW and ANBW groups
Neuropsychological tests ALBW ANBW p value
MoCA-Ina score 26.242.85 26.4+2.68 0.85
Attention
TMT-A (time in seconds, max 180) 41.4+12.8 37.8+15.6 0.005"
Visuomotor speed
Symbol digit modalities task (no. correct in 90 seconds, max 110) 47.2+12.3 45.5+9.32 0.44
Visuospatial
Constructional praxis (no. correct, max 11) 10.9+0.56 10.9+0.41 0.34
Memory
Logical memory (no. correct, max 21.5) 9.01£3.31 8.68+2.87 0.75
Wordlist, immediate recall (no. correct, max 30) 21.742.75 21.3£2.97 0.62
Wordlist, delayed recall (no. correct, max 10) 8.49+1.07 8.71+£0.99 0.17
Wordlist, recognition (true positive minus false positive) 10.0+0.12 9.90+0.91 0.16
Recall of constructional praxis (no. correct, max 14) 12.3+£2.48 12.8+2.35 0.28
Language
Boston naming (no. correct, max 15) 13.0+1.35 13.2+1.51 0.83
Executive function
Animal fluency (no. of words in 60 seconds) 20.3+£5.43 19.9+4.78 0.78
TMT-B (time in seconds, max 300) 76.44+35.6 70.8+33.3 0.20

ALBW: Adult with history of low birth weight; ANBW: Adult with history of normal birth weight; MoCA-Ina: The Montreal cognitive
assessment-Indonesian version; TMT-A: Trail making test-A; TMT-B: Trail making test-B.

*p<0.05

3). We found that birth weight and weight at 2 years age
were positively associated with RMR. In adult life, body
mass index and fat free mass positively associated with
RMR.

In multiple regression analysis including all clinical
characteristics and sex, the significant independent de-
terminants of RMR were fat mass, fat-free mass, body
height, and BMI in adult life, which together explained
62% of the variability.

Table 4 shows a comparison of the neuropsychological
test results between the two groups. No significant differ-
ences were discovered in the results of the global cogni-
tive screening test, the montreal cognitive assessment-
indonesian version (MoCA-Ina) or domain-specific cog-
nitive tests between the two groups except in the domain

of attention (TMT-A), for which the score was signifi-
cantly lower in the ALBW group.

Table 5 shows that in the ALBW group, subjects who
experienced catch-up at 2 years performed better on at-
tention and memory tests. They took shorter times to fin-
ish the TMT-A, a test of attention, and they had higher
scores on the logical memory test. Conversely, the catch-
up subjects in the ANBW group performed more poorly
on visuospatial function, as indicated by their lower
scores on the constructional praxis test. The global cogni-
tive screen test score (MoCA-Ina) and the scores of other
cognitive domains were unaffected by weight catch-up in
both the ALBW and ANBW groups.

Table 6 summarises the associations between body
weight and body length/height at the three time points;
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Table 5. Comparison of neuropsychological test scores between catch-up and non-catch-up subjects

ALBW ANBW
Neuropsychological tests Catch Non P Catch CIZ?CIL P
up catch up value up up value

MoCA-Ina score 37.3 33.1 0.38 35.7 40.2 0.42
Attention

TMT-A (time in seconds, max 180) 29.5 43.5 0.004" 39.5 38.8 0.90
Visuomotor speed

Symbol digit modalities task (no. correct in 90 seconds, max 110) 36.0 34.9 0.82 38.6 39.2 0.92
Visuospatial

Constructional praxis (no. correct, max 11) 353 34.6 0.74 36.3 40.0 0.02"
Memory

Logical memory (no. correct, max 21.5) 39.3 29.4 0.04" 38.7 39.1 0.95

Wordlist, immediate recall (no. correct, max 30) 37.2 32.1 0.29 41.4 38.1 0.56

Wordlist, delayed recall (no. correct, max 10) 34.1 36.2 0.65 37.1 39.7 0.62

Wordlist, recognition (true positive minus false positive) 34.5 35.7 0.25 39.5 38.8 0.54

Recall of constructional praxis (no. correct, max 14) 37.3 32.1 0.24 35.6 40.3 0.36
Language

Boston naming (no. correct, max 15) 32.6 39.4 0.16 36.0 40.1 0.46
Executive function

Animal fluency (no. of words in 60 seconds) 35.7 35.3 0.94 38.9 39.2 0.99

TMT-B (time in seconds, max 300) 31.6 40.8 0.06 374 39.6 0.69

ALBW: Adult with history of low birth weight; ANBW: Adult with history of normal birth weight; MoCA-Ina: The Montreal cognitive
assessment-Indonesian version; TMT-A: Trail making test-A; TMT-B: Trail making test-B.

*p<0.05.

vascular risk factors; and the results of neuropsychologi-
cal tests for attention and memory. Regarding attention,
LBW and body weight at age 2 years were inversely as-
sociated with adult attention scores on the TMT-A. Re-
garding memory, LBW was not associated with memory
score in adulthood (logical memory test); however, body
weight and weight catch-up at age 2 years, as well as
body weight and BMI in adult life, were positively asso-
ciated with memory score (logical memory test).

DISCUSSION

In this study, no demographic differences were discov-
ered between the ALBW and ANBW groups except for
sex; there were more women in the ALBW group than the
ANBW group (Table 1). Previous VLBW and ELBW
studies have reported that cognitive disadvantages may
lead to low school achievement in early adulthood and
low socioeconomic status in the future,'®323% in our study,
ALBW had the same level of education, employment,
monthly income and marital status compare to those
ANBW. Briefly, this is reasonable since all of our LBW
subject were categorized as moderate LBW, with mean
body weight of 2310.12+142.47, approaching to the cut
off of NBW 2500 g. Thus, we may suppose that our
ALBW subjects might have much milder cognitive deficit
and managed to catch-up in education and social econom-
ic attainment at adult life, whereas the reported VLBW
and ELBW subjects did not.

The mean birth weight of the participants was more
than 2500 g. Fat-free mass correlated moderately with
RMR. The clinical characteristics discovered to be asso-
ciated with RMR were birth weight; weight at 2 years of
age; and BMI and fat-free mass in adult life. Some co-
hort studies have shown that birth weight is positively
associated with fat-free mass in adult life.’'*> Moreover,
in adult subjects, fat-free mass was shown to be positively

correlated with RMR.* The result of the present study is
in agreement with those of previous studies; fat-free mass
was positively correlated with RMR, and birth weight
was positively associated with RMR. These results differ
from those obtained by two studies with Caucasian partic-
ipants, however, which showed that birth weight was
negatively correlated with RMR.* This difference is likely
because the range of birth weights in the previous studies
was relatively wide (20005000 g), whereas in our study
it was 2000-3800 g. We did not identify any increase in
sympathetic nervous system activity in people with low
birth weight, a finding which contrasts with previous
evidence.>

At the age of 2 years, there is a ‘catch-up’ trend in
height both in men and women of higher RMR compared
with their ‘no change’ or ‘catch-down’ counterparts.
Weight, height, weight z-score, and height z-score at age
of 2 years were found to be associated with RMR. Fat-
free mass is a factor independently associated with RMR,
so fat-free mass can be considered a surrogate for RMR.
The findings of this study indicate that body size (weight
and height) at 2 years of age is a crucial factor
determining RMR during adulthood; thus, improving
nutritional status that affects body size at this age (i.e.
catch-up) may independently affect RMR in adulthood
regardless of birth weight. The results of this study are
consistent with those of a cohort study in Guatemala with
similar characteristics.™® In addition to similar mean
height z-scores at the age of 2 years (2.7 for men and
—2.5 for women, which indicate stunting), the Guatemala
study discovered that a child's height at 2 years was
positively associated with their fat-free mass at 20-27
years of age.*’

All clinical characteristics—body weight, height, BMI,
fat mass, fat-free mass, and blood pressure—were found
to be associated with RMR. These results are consistent
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Table 6. Multiple linear regression models for TMT-A and logical memory on early life and adult weight

TMT-A Logical memory Logical memory
Anthropometry Adjusted’ Not adjusted Adjusted?
B (95% CI) p value B (95% CI) p value B (95% CI) p value
Birth weight -0.20 (-0.01, -0.00) -0.18(-.012, -.001) 0.03" 0.001 (-0.00, 0.001) 0.99 -0.010 (-0.001, 0.001) 0.90
Body weight at 2 years of age -0.29 (-0.01, -0.00) -0.26 (-0.005, -.001) 0.002* 0.16 (0.00, 0.001) 0.04* 0.195 (0.000, 0.001) 0.02*
BMI at adult life -0.01 (-0.57, 0.50) -0.12 (-0.98, 0.19) 0.18 0.23(0.05, 0.27) 0.006" 0.222 (0.035, 0.274) 0.01*

TAdjusted by age, education, sex, monthly income, and marital status “p<0.05.

TMT-A is Trail making test-A.
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with the findings of a Brazilian study showing that body
weight, BMI, and fat-free mass are positively associated
with RMR.!'! Studies in Brazil and Finland obtained a
similar finding that fat-free mass is positively associated
with RMR, thus indicating that fat-free mass is a variable
that can act as a surrogate for RMR in adults.>!® This
study also showed that even our ALBW participants had
the same achievement for education level, socioeconomic
attainment and the global cognitive screening test com-
pared to their ANBW counterparts. But they had lower
scores for specific cognitive domain tests of attention
compared to those with ANBW. These subtle cognitive
deficits in attention were significant in adult life
(41.4+12.8 vs 37.8+15.6, p=0.005) (Table 3). The im-
portance of attention performance should be emphasized,
since attention as part of working memory is crucial for
high cognitive load occupations, where even a slight im-
pairment in attention may hamper or reduce work per-
formance. In the present study, ALBW had a lower atten-
tion performance compared with ANBW.

Aside from the known attention deficits in the ALBW
group, analysis of catch-up at 2 years of age in both
groups revealed its role in influencing cognitive achieve-
ment. In the ALBW group, catch-up was associated with
superior attention and memory function compared with
their counterparts who did not experience catch-up
growth; this was reflected in the shorter time it took
catch-up subjects to finish the TMT-A, and by the higher
score that the catch-up participants obtained on the logi-
cal memory test (29.5 vs 43.5, p=0.004 and 39.5 vs 38.8,
p=0.9, respectively). By contrast, the catch-up subjects in
the ANBW group showed poorer visuospatial function, as
reflected by their lower scores on the constructional
praxis test (36.3 vs 40.0, p=0.02; Table 4). These two
findings indicated that weight catch-up may be a modu-
lating factor for birth weight and cognitive achievement.

To find whether the modulation of attention and
memory scores was not confounded by basic demograph-
ic characteristics, adjustments were made for age, gender,
monthly income, and marital status (Table 4). ALBW
was still associated with lower attention scores; further-
more, subjects with weight gain at 2 years of age also
obtained higher attention scores, but this association was
diminished in adult life. Even though memory was not
associated with birth weight, this cognitive domain did
exhibit a significant association with body weight gain
and catch-up at 2 years of age, and this association per-
sisted through to adulthood (Table 4).

Attention refers to the ability to attend to a specific
stimulus without being distracted by extraneous environ-
mental stimuli. Attention represents complex interactions
between wide areas of the brain such as the limbic system,
neocortex, and ascending reticular activating system, to-
gether with their susceptibilities. The mechanism by
which attention deficit is linked to LBW is unclear. In
animal models, as in rodents, chronic malnutrition ap-
pears to alter cell numbers, cell migration, myelinisation,
synaptogenesis, hippocampal formation, and neurotrans-
mission .>>*¢ An autopsy study of humans found fewer
neurons with shorter dendrites and abnormal dendritic
spines in protein energy malnutrition (PEM).>” Our identi-
fication of an association between attention deficit and

LBW is in agreement with recent studies of intrauterine
growth restriction with fetal maturation, which potentially
leads to cerebral immaturity at birth.3-6!

Memory is a general term for the mental process that
allows an individual to store perceptions and experiences
for recall at a later time. The logical memory test is a test
of immediate recall (of verbal stories) as well as a means
of evaluating the ability to learn new information.** Re-
cent memory requires intact limbic structures (hippocam-
pi, the mammillary bodies, and the dorsal medial nuclei
of the thalami) and their links to subcortical structures to
ensure storage in and retrieval of information from the
cortex.™*

Our study demonstrated that weight gain and catch-up
was associated with superior memory performance in
subjects with LBW. Several mechanisms may explain this.
First, optimal nutrition during pregnancy and the first 2
years of life is vital for normal growth and brain devel-
opment, so that nutritional deficits may have long-term
implications for cognitive function.®? Second, insulin-like
growth factor and growth hormone—which both play a
critical role in determining somatic growth—and the re-
ceptors of insulin-like growth factor are widely expressed
in regions of the brain that are responsible for learning
and memory, specifically the limbic structures and frontal
lobes.® In children born small for gestational age, growth
hormone therapy has demonstrated the capacity to pro-
mote catch-up growth as well as improvements in 1Q
score.

Strengths and Limitations

Although the TCS indicates that there are cognitive bene-
fits with weight catch-up, caution should be taken in in-
terpreting these findings because catch-up may also in-
crease vascular risk factors such as hyperglycaemia and
increased waist circumference, as well as BMI.

A strength of the present study has been its use of mul-
tiple factor analysis at different time points: at birth
(weight and height), at 2 years of age (anthropometry),
and in adult life (RMR using indirect calorimetry). For
cognitive function, the present study focussed on moder-
ate low birth weight (ALBW) for individual and global
cognitive tests. Cohort studies, such as TCS allow longi-
tudinal research with some understanding of potential
causality and policy relevance, especially when repre-
sentative or whole-of-community, which is how the Tan-
jungsari RAS was originally devised. In addition, indirect
calorimetry to measure RMR as an outcome measure is a
rarity in developing countries.

A limitation has been the a reduced number of availa-
ble participants as the TCS has progressed to 2009 and
2017. Again, although known to have been a generally
socioeconomically disadvantaged cohort at its inception,
considerable sociodemographic change and alteration in
equity has occurred over the 3 decades of the TCS, which
have not been taken into account in the analyses. In
conclusion, in the TCS t birth weight, body weight at age
2, BMI and fat free mass in adult life are associated with
reduced RMR and lower attention scores in adulthood
than those found among their ANBW counterparts
Weight gain and catch-up at 2 years of age were associat-
ed with better attention and memory function in adult-
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hood. Optimisation of nutritional status as judged by early
childhood growth in LBW children and catch-up may
allow higher RMRs to reduce the risk of overfatness and
otherwise impaired cognitive function.

ACKNOWLEDGEMENTS

This study was part of the Academic Leadership Grants of Uni-
versitas Padjadjaran. The authors kindly thank Prof Anna Alis-
jahbana, MD, PhD, for giving us permission to use the data on
Tanjungsari cohort subjects at birth and at 2 years of age. We
are indebted to the staff of Frontiers for Health for their assis-
tance in field data collection; to the 197 participants of the study
for their generosity; to the 27 kaders of TCS for their support
and help in data collection; and to the staff of PT Tripatria An-
dalan Medika for their technical assistance in the usage and
maintenance of indirect calorimetry equipment. We also thank
Febby Rosa and Novita for their assistance in data encoding and
tabulation

AUTHOR DISCLOSURES
The authors have no conflict of interest to declare. SHKSK has
received research grants from Universitas Padjadjaran.

REFERENCES

1. Astrup A, Gotzsche PC, van de Werken K, Ranneries C,
Toubro S, Raben A et al. Meta-analysis of resting metabolic
rate in formerly obese subjects. Am J Clin Nutr. 1999;69:
1172-22.

2. Landsberg L, Young JB, Leonard WR, Linsenmeier RA,
Turek FW. Do the obese have lower body temperatures? A
new look at a forgotten variable in energy balance. Trans
Am Clin Clim Assoc. 2009;120:287-95.

3. Martin K, Mani M, Mani A. New targets to treat obesity and
the metabolic syndrome. Eur J Pharmacol. 2016;763:64-74.
doi: 10.1016/j.ejphar.2015.03.093.

4. Hsu C, Wahlqvist M, Lee M, Tsai H. Incidence of dementia
is increased in type 2 diabetes and reduced by the use of
sulfonylureas and metformin. J Alzheimers Dis. 2011;24:
485-93. doi: 10.3233/JAD-2011-101524.

5. Eriksson J, Forsen T, Tuomilehto J, Osmond C, Barker D.
Size at birth, fat-free mass and resting metabolic rate in
adult life. Horm Metab Res. 2002;34:72-6. doi: 10.1055/s-
2002-20518.

6. 6Matinolli H-M, Hovi P, Ménnist6 S, Sipola-Leppénen M,
Eriksson JG, Mikitie O et al. Early protein intake is
associated with body composition and resting energy

expenditure in young adults born with very low birth weight.

J Nutr. 2015;145:2087-91. doi: 10.3945/jn.115.212415.

7. 7Sipola-Leppénen M, Hovi P, Andersson S, Wehkalampi K,
Vadrasmaki M, Strang-Karlsson S et al. Resting energy
expenditure in young adults born preterm-the Helsinki study
of very low birth weight adults. PLoS One. 2011;6:1-7. doi:
10.1371/journal.pone.0017700.

8. Weyer C, Pratley RE, Lindsay RS, Tataranni PA.
Relationship between birth weight and body composition,
energy metabolism, and sympathetic nervous system
activity later in life. Obes Res. 2000;8:559-65. doi: 10.
1038/0by.2000.72.

9. Kensara OA, Wooton SA, Phillips DIW, Patel M, Hoffman
DJ, Jackson AA et al. Substrate-energy metabolism and
metabolic risk factors for cardiovascular disease in relation
to fetal growth and adult body composition. Am J Physiol

Endocrinol Metab. 2006;291:E365-71. doi: 10.1152/ajpendo.

00599.2005.
10. Ekelund U, Ong K, Linné Y, Neovius M, Brage S, Dunger
DB et al. Upward weight percentile crossing in infancy and

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

early childhood independently predicts fat mass in young
adults: The Stockholm Weight Development Study
(SWEDES). Am J Clin Nutr. 2006;83:324-30. doi: 10.1093/
ajcn/83.2.324

Souza MTP, Singer P, Ozorio GA, Rosa VM, Alves MMF,
Mendoza Lopez RV et al. Resting energy expenditure and
body composition in patients with head and neck cancer: An
observational study leading to a new predictive equation.
Nutrition. 2018;51-52:60-5. doi: 10.1016/j.nut.2017.12.006.
DeLany JP, Bray GA, Harsha DW, Volaufova J. Energy
expenditure and substrate oxidation predict changes in body
fat in children. Am J Clin Nutr. 2006;84:862-70.

Tataranni PA, Harper IT, Snitker S, Parigi A Del, Vozarova
B, Bunt J et al. Body weight gain in free-living Pima
Indians: effect of energy intake vs expenditure. Int J Obes.
2003;27:1578-83. doi: 10.1038/sj.1j0.0802469.

Stunkard AJ, Berkowitz RI, Stallings VA, Schoeller DA.
Energy intake, not energy output, is a determinant of body
size in infants. ] Am Acad Child Adolesc Psychiatry. 1999;
38:1323. doi: 10.1097/00004583-199910000-00029.

Goran M1, Shewchuk R, Gower BA, Nagy TR, Carpenter
WH, Johnson RK. Longitudinal changes in fatness in white
children: no effect of childhood energy expenditure. Am J
Clin Nutr. 1998;67:309-16.

Serensen HT, Sabroe S, Olsen J, Rothman KJ, Gillman MW,
Fischer P. Birth weight and cognitive function in young
adult life: historical cohort study. BMJ. 1997;315:401-3.
Shenkin SD, Starr JM, Pattie A, Rush MA, Whalley LJ,
Deary 1J. Birth weight and cognitive function at age 11
years: the Scottish Mental Survey 1932. Arch Dis Child.
2001;85:189-96.

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.

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.

Villar J, Smeriglio V, Martorell R, Brown CH, Klein RE.
Heterogeneous growth and mental development of
intrauterine growth-retarded infants during the first 3 years
of life. Pediatrics. 1984;74:783-91.

Hill RM, Verniaud WM, Deter RL, Tennyson LM, Rettig
GM, Zion TE et al. The effect of intrauterine malnutrition
on the term infant. A 14-year progressive study. Acta
Paediatr Scand. 1984;73:482-487.

Mutch L, Leyland A, McGee A. Patterns of
neuropsychological  function in a low-birthweight
population. Dev Med Child Neurol. 2008;35:943-56. doi: 10.
1111/].1469-8749.1993.tb11576 x.

Neligan G. Born too soon or born too small: a follow-up
study to seven years of age. Suffolk: The Lavenham Press
LTD; 1976.

Hawdon JM, Hey E, Kolvin I, Fundudis T. Born too small-
is outcome still affected? Dev Med Child Neurol. 2008;32:
943-53. doi:10.1111/1.1469-8749.1990.tb08116.x.

Strauss RS, Dietz WH. Growth and development of term
children born with low birth weight: effects of genetic and
environmental factors. J Pediatr. 1998;133:67-72. doi: 10.
1016/S0022-3476(98)70180-5.

Dombrowski SC, Noonan K, Martin RP. Low birth weight
and cognitive outcomes: Evidence for a gradient
relationship in an urban, poor, African American birth
cohort. Sch Psychol Q. 2007;22:26-43. doi: 10.1037/1045-
3830.22.1.26.

Bhutta AT, Cleves MA, Casey PH, Cradock MM, Anand



Birth weight, growth, adult FFM, RMR, and cognitive

S61

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

KJS. Cognitive and behavioral outcomes of school-aged
children who were born preterm: a meta-analysis. JAMA.
2002;288:728-37.

Aarnoudse-Moens CSH, Weisglas-Kuperus N,
Duivenvoorden HJ, van Goudoever JB, Oosterlaan J.
Executive function and IQ predict mathematical and
attention problems in very preterm children. PLoS One.
2013;8:¢55994. doi:10.1371/journal.pone.0055994.

Ritter BC, Perrig W, Steinlin M, Everts R. Cognitive and
behavioral aspects of executive functions in children born
very preterm. Child Neuropsychol. 2014;20:129-44. doi: 10.
1080/09297049.2013.773968

Aylward GP. Neurodevelopmental outcomes of infants born
prematurely. ] Dev Behav Pediatr. 2005;26:427-40.
Aarnoudse-Moens CSH, Weisglas-Kuperus N, van
Goudoever JB, Oosterlaan J.  Meta-analysis  of
neurobehavioral outcomes in very preterm and/or very low
birth weight children. Pediatrics. 2009;124:717-28. doi: 10.
1542/peds.2008-2816.

Tanner JM. Growth from birth to two: a critical review.
Acta Medica Auxol. 1994;26:7-45.

Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB.

Association between postnatal catch-up growth and obesity
in childhood: prospective cohort study. BMJ. 2000;320:967-
71. doi: 10.1136/BMJ.320.7240.967.

Corbett SS, Drewett RF, Durham M, Tymms P, Wright CM.
The relationship between birthweight, weight gain in
infancy, and educational attainment in childhood. Paediatr
Perinat Epidemiol. 2007;21:57-64. doi: 10.1111/.1365-
3016.2007.00783.x.

Li H, DiGirolamo AM, Barnhart HX, Stein AD, Martorell R.

Relative importance of birth size and postnatal growth for
women’s educational ach. Early Hum Dev. 2004;76:1-16.
Cetin I, Alvino G. Intrauterine growth restriction:
implications for placental metabolism and transport. a
review. Placenta. 2009;23:S77-S82. doi: 10.1016/j.placenta.
2008.12.006.

Story L, Damodaram MS, Supramaniam V, Allsop JM,
McGuinness A, Patel A, et al. Myo-inositol metabolism in
appropriately grown and growth-restricted fetuses: a proton
magnetic resonance spectroscopy study. Eur J Obstet
Gynecol Reprod Biol. 2013;170:77-81. doi: 10.1016/j.
ejogrb.2013.05.006

Poudel R, McMillen IC, Dunn SL, Zhang S, Morrison JL.
Impact of chronic hypoxemia on blood flow to the brain,
heart, and adrenal gland in the late-gestation [UGR sheep
fetus. Am J Physiol. 2015;308:R151-62. doi: 10.1152/
ajpregu.00036.2014.

Geva R, Eshel R, Leitner Y, Fattal-Valevski A, Harel S.
Memory functions of children born with asymmetric
intrauterine growth restriction. Brain Res. 2006;1117:186-
94. doi: 10.1016/j.brainres.2006.08.004.

Pearce MS, Deary 1J, Young AH, Parker L. Growth in early
life and childhood IQ at age 11 years: the Newcastle
Thousand Families Study. Int J Epidemiol. 2005;34:673-7.
doi: 10.1093/ije/dyi038.

Jarjour IT. Neurodevelopmental outcome after extreme
prematurity: a review of the literature. Pediatr Neurol. 2015;
52:143-52. doi:10.1016/j.pediatrneurol.2014.10.027.

Gu H, Wang L, Liu L, Luo X, Wang J, Hou F et al. A
gradient relationship between low birth weight and 1Q: A
meta-analysis. Sci Rep. 2017;7:18035. doi: 10.1038/s41598-
017-18234-9.

Alisjahbana-Kartadiredja A. The implementation of the risk
approach on pregnancy outcome by traditional birth
attendants : the Tanjungsari study in West-Java, Indonesia.
Rotterdam: Erasmus University; 1993. (In Ducth)

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Alisjahbana B, Rivami DS, Octavia L, Susilawati N,
Pangaribuan M, Alisjahbana A, Diana A. Intrauterine
growth retardation (IUGR) as determinant and environment
as modulator of infant mortality and morbidity: the
Tanjungsari Cohort Study in Indonesia. Asia Pac J Clin
Nutr 2019; 28(Suppl 1):S17-S31. doi: 10.6133/apjen.
201901_28(S1).00 02.

Lukito W, Wibowo L, Wahlqvist ML. Maternal contributors
to intergenerational nutrition, health, and well-being:
revisiting the Tanjungsari Cohort Study for effective policy
and action in Indonesia. Asia Pac J Clin Nutr.
2019:28(Suppl 1):S1-S16. doi: 10.6133/apjcn.201901_28(S
1).0001.46.

Nugraha GI. The difference influence of birth weight, catch-
up growth, and PPAR-y gene Prol2Ala polymorphism on
adult fat mass and fat free mass. Bandung: Universitas
Padjadjaran; 2011. (In Indonesian)

Permana H. The role of tyrosine phosphatase non-receptor-1
(PTPN 1B) protein gene polymorphism and insulin receptor
substrate-1 (IRS-1) insulin gene polymorphism on the the
related factors of insulin resistant in early adult with history
of low birth weight. Bandung: Universitas Padjadjaran;
2011. (In Indonesian)

Judistiani R. Association of G2914C insulin receptor
substrate-1 gene and —C1245T insulin-like growth factor-1
gene polimorphisms with low birth weight and child growth
disturbance Bandung: Universitas Padjadjaran; 2011. (In
Indonesian)

Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB.
Association between postnatal catch-up growth and obesity
in childhood: prospective cohort study. BMJ. 2000;320:967-
71. doi: 10.1136/BMJ.320.7240.967.

Gibson R. Principles of Nutritional Assessment. New York:
Oxford University Press; 2005.

Li H, Stein AD, Barnhart HX, Ramakrishnan U, Martorell R.
Associations between prenatal and postnatal growth and
adult body size and composition. Am J Clin Nutr. 2003;77:
1498-505.

Euser AM, Finken MJJ, Keijzer-Veen MG, Hille ET, Wit
JM, Dekker FW. Association between prenatal and infancy
weight gain and BMI, fat mass and fat distribution in young
adulthood : a prospective cohort study in mmales and
females born very pretem. Am J Clin Nutr. 2005;81:480-7.
Sandboge S, Moltchanova E, Blomstedt PA, Salonen MK,
Kajantie E, Osmond C et al. Birth-weight and resting meta-
bolic rate in adulthood sex-specific differences. Ann Med.
2012;44:296-303. doi: 10.3109/07853890.2010.5491 47.
Strub RL, Black FW. The mental status examination in
neurology. Philadelphia: FA Davis Co; 2000.

Mathangi DC, Namasivayam A. Effect of chronic protein
restriction on  motor  co-ordination and  brain
neurotransmitters in albino rats. Food Chem Toxicol. 2001;
39:1039-43. doi: 10.1016/S0278-6915(01)00051-5.
Granados-Rojas L, Larriva-Sahd J, Cintra L, Gutiérrez-
Ospina G, Rondan A, Diaz-Cintra S. Prenatal protein
malnutrition  decreases mossy  fibers-CA3  thorny
excrescences asymmetrical synapses in adult rats. Brain Res.
2002;933:164-71.

Benitez-Bribiesca L, De la Rosa-Alvarez I, Mansilla-
Olivares A. Dendritic spine pathology in infants with severe
protein-calorie malnutrition. Pediatrics. 1999;104:e21.

Tolsa CB, Zimine S, Warfield SK, Freschi M, Rossignol AS,
Lazeyras F et al. Early alteration of structural and functional
brain development in premature infants born with
intrauterine growth restriction. Pediatr Res. 2004;56:132-8.
doi: 10.1203/01.PDR.0000128983.54614.7E.

Henrichs J, Schenk JJ, Schmidt HG, Arends LR, Steegers



S62

GI Nugraha, PA Ong, CN Rachmi, SHKS Karyadi and A Alisjahbana

60.

61.

EAP, Hofman A et al. Fetal size in mid- and late pregnancy
is related to infant alertness: The generation R study. Dev
Psychobiol. 2009;51:119-30. doi: 10.1002/dev.20351.
Groen-Blokhuis MM, Middeldorp CM, van Beijsterveldt
CEM, Boomsma DI. Evidence for a causal association of
low birth weight and attention problems. ] Am Acad Child
Adolesc Psychiatry. 2011;50:1247-254.¢2. doi: 10.1016/j.
jaac.2011.09.007.

Raznahan A, Greenstein D, Lee NR, Clasen LS, Giedd JN.
Prenatal growth in humans and postnatal brain maturation
into late adolescence. Proc Natl Acad Sci. 2012;109:11366-
71. doi: 10.1073/pnas.1203350109.

62.

63.

64.

Victora CG, Adair L, Fall C, Hallal PC, Martorell R,
Richter L et al. Maternal and child undernutrition:
consequences for adult health and human capital. Lancet.
2008;371:340-57. doi: 10.1016/S0140-6736(07)61692-4.
Bondy CA, Cheng CM. Signaling by insulin-like growth
factor 1 in brain. Eur J Pharmacol. 2004;490:25-31. doi:
10.1016/j.ejphar.2004.02.042.

van Pareren YK, Duivenvoorden HJ, Slijper FSM, Koot
HM, Hokken-Koelega ACS. Intelligence and psychosocial
functioning during long-term growth hormone therapy in
children born small for gestational age. J Clin Endocrinol
Metab. 2004;89:5295-302. doi: 10.1210/jc.2003-031187.



