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Abstract
Background: The increasing incidence of Neurobehavioral Disorders (NBDs), such as Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity Disorder
(ADHD) and Developmental Coordination Disorder (DCD), is of major concern in public health. Although early detection of a developing NBD is critical to enable
intervention while brain plasticity is prominent, no screening tool for NBD development at infancy is available. The aim here was to assess whether risk factors that
predict forthcoming NBDs can be identified at early infancy.
Methods: The Israeli Health Organization provides a developmental follow-up system since birth at special well-baby-care clinics (‘Tipat Chalav’). The documented
data was used to examine the charts of 161 babies, who later in life (2-10 years of age) were diagnosed for NBDs (47 ASD, 56 DCD, 58 ADHD). Their medical
history at 0-18 months of age was compared to that of 58 babies with typical development (control group). Ten covariates including 28 parameters were collected,
compared and statistically analysed.
Results: This analysis indicated that deviation from trajectories of seven parameters (gestational age, birth weight, head circumference percentile, weight percentile,
gross motor development, difficulties in speech and communication) may collectively predict the development of ASD with 85% probability. Deviation from trajectories
of the above first five parameters may collectively predict the development of DCD with 72% probability. Early risk factors that may predict ADHD development with
58% probability were previously described (Gurevitz et al 2014).
Conclusion: This cohort retrospective study illuminates risk factors at infancy that may predict the development of NBDs. Most prominent are deviations from
weight followed by deviations in head circumference trajectories, and delay in motor development due to muscle strength and tone irregularities. Identification of risk
factors at infancy is crucial for early intervention programs, such as prevention of rapid changes in weight and manipulations to strengthen motor development and
the corresponding neural circuits. The sooner risk factors are recognized, more efficient an early tailored bio-psycho-social treatment might be.
Trial registration: Retrospectively registered.

Abbreviations: ADHD: Attention Deficit Hyperactivity Disorder;

ASD: Autistic Spectrum Disorder; BW: Birth Weight; CS: Cesarean
Section; DP: Deformational Plagiocephaly; DCD: Developmental
Coordination Disorder; GA: Gestational Age; GM: Gross Motor; HCp:
Head Circumference percentile; Hp: Height percentile; LD: Learning
Disorders; MD: Mental Disorders; NBD: Neurobehavioral Disorder;
Wp: Weight percentile.

Background
Neurobehavioral Disorders (NBDs), such as Autism Spectrum
Disorder (ASD), Attention Deficit Hyperactivity Disorder (ADHD)
and Developmental Coordination Disorder (DCD), are highly
heritable, life-long and frequently occurring conditions that may be
affected by environmental factors leading to severe impairment of
development [1]. NBDs are often characterized by poor social skills,
motor and language delays and difficulties in regulating attention and
emotion [2]. A recent summary [3] has raised points of convergence
and divergence at early developmental stages of ASD and ADHD, as
well as similar patterns and overlap of genetic factors in developing
clinical symptoms. These findings raised the possibility of a common
background or underlying disorder to all NBDs. Although the core
deficits of ASD have been considered to involve social functioning [4],
retrospective studies indicate that children with ASD exhibit disruption
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in other developmental domains in the 1st year of life, including motor,
attention, and temperament [5]. Retrospective studies are principally
based on information from medical record reviews, parent recall, or
systematic observational coding of home videotapes taken during the
1st or 2nd year of life prior to the diagnosis of ASD [6]. To investigate
the nature and timing of the emergence of ASD, it has been suggested
that prospective, longitudinal studies might be optimal. However, most
prospective studies reported thus far focused on infants at high risk,
having an older sibling with ASD. These studies indicated that their
development in motor, cognitive, language and social domains were
grossly intact at 6 months of age, yet, slowing in development was
observable when nearing their first birthday [7,8]. Noteworthy, a single
prospective study on infants at risk for ASD [9] documented abnormal
postural control already at 6 months of age.
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The critical role of motor development and its association with
NBD development has been documented. A recent cohort study of
healthy term infants linked difficulties in motor development at 3
months of age with cognitive and behavioral difficulties at early school
age [10]. Further, the cortical subplate was hypothesized to play a
pivotal role in the major neurodevelopmental transformation at ~3
months of age [11]. In addition, weak motor skills, which traditionally
characterize DCD, [12,13] have been frequently found in children with
other NBDs. A recent review on the neural basis of DCD has suggested
that 'dysfunctional sensor- motor circuits' in the white matter of the
brain may lead to motor impairment [14]. These circuits may also
include the cortico-spinal tract with lesions in the posterior limb of the
internal capsule, which is an important predictor of NBD in children
[15,16]. Thus, it seems that further prospective studies of infants during
their first year of life might shed more light on early signs of NBD
development.
The prevalence of ASD and ADHD and awareness to the
development of DCD increased over the past two decades [17]. Despite
the need to identify a developing disorder at infancy, when brain
plasticity enables manipulations, most NBDs are being diagnosed in
older children or in teenagers [18]. Evidently, early detection of signs
that may predict later development of NBDs is a challenge due to its
clinical and practical implications [19], as adequate intervention may
improve prognosis [20]. While parents of children with ASD have
often noticed developmental problems prior to their first birthday, no
screening tool that identifies infants at risk has been established [21].
Such diagnosis is further complicated because a seemingly abnormal
sign may rather be associated with extreme behavior [22]. Therefore,
the objective of this study was to assess whether thorough analysis of
multiple parameters collected from well-baby-care charts of infants
may (i) expose early factors that underlie the development of NBDs;
(ii) discern factors that predict forthcoming ASD from those predicting
forthcoming ADHD or DCD.

Methods
General information
Babies in Israel are routinely followed since birth in well-babycare clinics (‘Tipat Chalav’), under the supervision of the Ministry
of Health, and thus their early medical history is documented. As a
pediatrician at the ‘Tipat Chalav’ clinic of Maccabi Health Services
in the Sharon District, the author (MG) meticulously examined,
documented, and followed a large number of babies between the
years 2000-2010. Access to this dataset enabled MG to search for risk
factors at infancy that may predict forthcoming NBDs.

Participants
For the present study, a sample of 219 files thoroughly
documented by MG was acquired from Maccabi dataset. 161 of them
were diagnosed for NBD at ages 2-10 years during 2000-2010, in
accordance with the DSM-IV criteria [1]: 47 diagnosed for ASD, 56
diagnosed for DCD, and 58 diagnosed for ADHD [23]. The rest 58
children with typical development served as control. The selection of
the control children ensured matching of gender and age to the NBD
groups.
Premature infants and newborns with major chronic health
problems at birth were not included in this study to avoid complications
in data analysis.
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Covariates
The following pertinent data were collected: 1. Family history:
Parental age and occupation, NBD in siblings, social problems such as
divorce or socioeconomic difficulties and parental illness (mental or
physical); 2. Perinatal and postnatal history: Gender, Gestational Age
(GA), type of delivery, Birth Weight (BW) and Apgar scores; 3. Biometric
parameters: Weight, Height and Head Circumference percentiles (Wp,
Hp and HCp, respectively); 4. Infant/toddler nutrition: Breast or bottle
feeding (extracted breast milk, or formula) in accordance with "The
Israeli Ministry of Health guidelines for infant nutrition" (IMH) [24]; 5.
Developmental milestone achievement rates: Gross Motor (GM), speech
and language and communication evaluations following the Denver
Developmental Screening Test (DDST) [25]; 6. Commonly encountered
difficulties during the first 3 months: Infant colic and gastroesophageal
reflux (GER) [26,27] inferred by the pediatrician and based upon
parental description of outbursts of strong cries and recurrent,
multiple episodes of spitting-up and/or vomiting; 7. Sleep and feeding
problems: Sleep problems were recorded as a difficulty in falling asleep
independently, recurrent awakening during the night accompanied
by difficulties in resuming sleep, and very short naps during the day
[28]. Feeding problems were defined as difficulties in switching from
breast feeding to bottle feeding and from breast milk to formula. This
also included difficulties upon transition to spoon feeding of solid
food, maintaining a daily routine by regulating food amounts, and
maintaining constant intervals between feedings; 8. Child temperament
and behavior characteristics: Two extreme types of temperaments, as
described by the parents and observed by the pediatrician during the
visit, were recognized: The ‘difficult child’ exhibited anxiety, hysteric
crying, restlessness and difficulties upon transitions and changes (Type
A). The ‘slow to warm-up child’ exhibited shyness, embarrassment,
introvertedness, isolation and disconnection (Type B) [29,30]; 9.
Abnormal findings upon physical examination: The general tone,
head and neck control, hyperlaxity of ligaments or any physical or
neurological abnormality; 10. Physical co- morbidities: Documented
medical illnesses and other diagnoses.

Statistical analysis
The Unpaired t-test was used to compare biometric parameters
and social and developmental outcomes of the children in the study
and control groups. The Wilcoxon nonparametric test analysis and
Pearson Chi-Square analysis were used to compare differential
frequencies. A stepwise logistic regression model was used to examine
the predictive added power of the independent parameters at each age
to predict forthcoming ASD and DCD. Adjusted odds ratios with 95%
confidence intervals were calculated.

Results
The present study is based on well-baby-care data derived from the
general community and thus it differs from numerous previous studies
on early markers of ASD, which focused on high- risk infants being
siblings of children with ASD.

Family background of participants
Participant demographic characteristics are shown in Table 1. In
the DCD group male predominance was at the highest ratio: 5.2:1
(male/female) vs 3.3:1 in the ASD group and 2.2:1 in the ADHD and
Control groups [23].
The data in Table 1 suggest that (i) older parents, especially mothers,
are at higher risk to give birth to a child that would develop NBD; (ii)
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Table 1: Demographic characteristics of study groups
Parameter

Control
(n = 58)

ADHDa
(n = 58)

ASDb
(n = 47)

DCDc
(n = 56)

Male

65%

69%

77%

84%
(p=.001)

GAd (weeks)

39.6 ± 1.1

39.4 ± 1.4

39.0 ± 2.1
(p=.049)

38.5 ± 2.2
(p=.001)

Delivery (Vaginal/CSe )

77% / 23%

66% / 31%

74% / 26%

68% / 32%
3.13 ± 0.56
(P=.039)

BW (Kg)

3.32 ± 0.98

3.36 ± 0.42

3.05 ± 0.61
(p=.014)

HCpg (cm) (1-18 months)

58.5 ± 2.51

46.1 ± 3.76
(p=.007)

47.6 ± 3.74
(p=.019)

44.5 ± 3.65
(p=.002)

Apgar (1 min)

8.98 ± 0.30

8.75 ± 0.95

8.73 ± 0.20

8.40 ± 0.40
(p=.003)

Apgar (5 min)

9.95 ± 0.23

9.93 ± 0.26

9.86 ± 0.09

9.30 ± 0.15
(p=.002)

Maternal age (y)

30.74 ± 3.8

32.9 ± 6.04
(p=.024)

31.7 ± 3.01

32.7 ± 4.8
(p=.023)

Paternal age (y)

34.20 ± 5.06

36.7 ± 6.73
(p=.027)

34.7 ± 3.80

35.8 ± 5.40

Maternal academic occupation

62%

39%
(p=.022)

63%

52%

Paternal academic occupation

60%

33%
(p=.007)

73%

66 %

NBDsh in family

0

15%
(p=.001)

10%

7%

Social difficulties in family

1.7%

15.5%
(p=.008)

0

5%

Breast / Formula
>6 months nursing

64% / 36%
19%

40% / 60%
12%

55% / 45%
19%

71% / 29%
32%

Neonatal
Complications

12%

5%

13%

23%

f

The numbers presented are averages ± standard errors. Upon significant difference from control the p value is provided. The data in the ADHD column is derived from ref. 23. (a: Attention
Deficit Hyperactivity Disorder; b: Autistic Spectrum Disorder; c: Developmental Coordination Disorder; d: Gestational Age; e: Cesarean Section; f: Birth Weight; g: Head Circumference
percentile; h: Neurobehavioral Disorder)

children with ASD are found at higher frequency in families with
paternal higher education; (iii) NBDs, develop more frequently in
families with socioeconomic difficulties and familial history of these
disorders.

Perinatal history
The average GA, BW and HCp of children with ASD or DCD were
significantly lower from those of children in the control group (Table
1). Apgar scores were significantly lower only in the DCD group
in comparison to the other groups. Most children with DCD were
breast fed (71%) and 32% of them were nursed for over 6 months,
Noteworthy, the weight and HC of prolonged breast-fed children
followed their trajectories, which likely limited excess weight gain.

Biometric parameters
Comparison of the biometric parameters HCp (head
circumference percentile), Wp (weight percentile) and Hp (height
percentile) of the ASD and DCD groups at 1, 3, 9 and 18 months of
age with those of the control group revealed significant differences.
The parameters of typically developing infants (control group) have
proportionally changed along growth, and so were the parameters of
the DCD infants, although at a lower scale. In contrast, the changes
in these parameters in the ASD group have shown substantial
disproportional variations (Table 2). The Hp values in the ASD group
were similar to those of the control group, but their Wp values at 3, 9
and 18 months were significantly lower. The HCp values were lower
than their control equivalents at 1 and 3 months, but similar to those
of the control group at 9 and 18 months of age. Yet, careful inspection
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of the data indicated that the differences in HC growth rates among
the groups depended on the weight and head circumference values
at birth (BW and HC). Therefore, the study groups were divided
into three subgroups according to the BW percentile (below 10p =
subgroup A; between 11-50p = subgroup B; and above 51p = subgroup
C), and reanalysed.
Figure 1, divided according to the subgroups A, B and C,
demonstrates the varying Wp and HCp values since birth to 18 months
of age of the ASD group in comparison to an ADHD group (derived
from ref. 23). Clearly, the HCp values of the ASD infants increased
when the BW was either below 10p or between 11-50p (Figures 1A and
B). However, when the BW was high, the HCp values at 0-18 months of
age have slightly decreased (Figure 1C). Thus, the HCp values at infancy
of those born with high BW cannot be considered an early sign for the
development of ASD. In contrast to the ASD infants, the HCp values of
ADHD infants decreased in subgroups B and C, but not in subgroup
A, and thus the HCp values at infancy of those born with BW below
10p cannot serve as an early sign of ADHD development. Noteworthy,
the HCp values of the DCD infants generally followed their trajectories
although at lower values compared to the control (not shown).

Developmental milestones and physical findings
A significant delay in motor development was observed in NBD
infants at 9 and 18 months of age (Table 3).
The children with DCD have shown delays even sooner, at 3
months of age. Abnormal physical findings were observed at high
frequencies in infants who were later diagnosed for ASD or DCD
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Table 2: Biometric parameters of the study groups in comparison to the control. Number of participants appears in parenthesis. Each value is the average percentile ± standard error. p
designates significance of deviation from control
Patient

Control

ASD

p

DCD

p

HCpa 1mb

(56) 57.5±4.3

(37) 44.9±4.4

.024

(53) 46.3±3.8

.029

HCp 3m

(58) 64.5±2.5

(39) 46.2±4.1

<.001

(55) 45.5±3.8

<.001

HCp 9m

(58) 56.5±2.7

(39) 48.7±4.2

NSe

(55) 43.0±3.9

.005

HCp 18m

(58) 54.9±2.8

(35) 53.3±4.2

NS

(55) 44.5±4.3

.042

Wpc 1m

(56) 49.0±3.4

(37) 45.7±4.7

NS

(56) 40.6±3.6

NS

Wp 3m

(58) 70.1±2.2

(39) 52.9±4.5

<.001

(55) 47.9±3.6

<.001

Wp 9m

(58) 58.5±2.9

(39) 46.9±4.8

.031

(55) 38.2±3.8

<.001

Wp 18m

(58) 61.2±2.9

(35) 45.5±5.2

.006

(55) 37.6±3.6

<.001

Hpd 1m

(11) 46.8±7.2

(34) 43.2±5.0

NS

(37) 42.9±4.6

NS

Hp 3m

(58) 61.2±2.6

(39) 50.0±4.6

.026

(55) 47.1±3.6

.002

Hp 9m

(58) 58.7±3.2

(39) 54.3±4.4

NS

(55) 47.8±3.8

.030

Hp 18m

(58) 57.9±3.5

(35) 54.1±5.0

NS

(55) 44.8±3.5

.012

(a: Head Circumference percentile; b: Months; c: Weight percentile; d: Height percentile; e: Not significant)
Table 3: Frequencies of various difficulties during infancy among children of the ASD, DCD and Control groups. p designates significance
Parameter
(difficulty or delay)

Age
(months)

Control
(n=58)

ASD
(n=42)

p

DCD
(n=56)

p

Sleep

3

0

14%

.004

16%

.001

Feeding

3
9
18

2%
10%
7%

17%
17%
12%

.009
NSb
NS

23%
25%
20%

<.001
.034
.040

Motor development

3
9
18

19%
14%
2%

31%
38%
21%

NS
.005
.002

50%
39%
21%

<.001
.002
.001

Communication

3
9
18

0
0
0

12%
9.5%
31%

.011
.029
<.001

0
0
0

NS
NS
NS

Speech & language

9
18

2%
9%

24%
64%

.001
.001

9%
30%

NS
.004

Infant colic
GERa

3
9

9%
10%

11%
16%

NS
NS

18%
16%

NS
NS

(a: Gastroesophageal Reflux; b: Not significant)
Table 4. Comparison of the frequencies of physical abnormalities during infancy among the ASD, DCD and Control children. p designates significance
Physical abnormalities

Control
(n=58)

ASD
(n=39)

p

DCD
(n=55)

Laxity of ligaments

19.0%

33.3%

NS

52.7%

<.001

DPa

3.4%

28.2%

<.001

30.9%

<.001

b

p

Torticollis

3.4%

7.7%

NS

18.2%

.011

Hypertonia

6.9%

30.8%

.002

25.5%

.007

Hypotonia

1.7%

30.8%

<.001

23.6%

<.001

(a: Deformational Plagiocephaly; b: Not significant)

(Table 4). Thus, the development of NBDs seems to be associated with
physical abnormalities and difficulties in regulation of muscle tone
and ligaments since birth. This is later manifested as a delay in the
development of motor milestones.

Communication difficulties
Communication difficulty, one of the core symptoms of ASD, was
observed at 3, 9 and 18 months in 12% (p = .011), 9.5% (p = .029) and
31% (p = .000), respectively, of the infants later diagnosed for ASD
(Table 3).

Sleeping and feeding problems
The NBD children experienced during infancy more difficulties in
self-regulation than children of the control group (Table 3). At 3 months
of age, 12-16% of all NBD children had sleep problems. At 3, 9 and
18 months of age, feeding difficulties were reported in 23% (p< .001),
25% (p = .034) and 20% (p = .040), respectively, of the DCD children,
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whereas feeding problems were reported in 17% of the ASD children
only at 3 months of age (p = .009).

Behavioral characteristics
Behavioral characteristics during infancy as described by the parents
(39 of the ASD and 55 Children of the DCD groups) and documented
by the pediatrician during the well-baby-care visits were compared
among the study groups. Type A babies were characterized by Anxiety,
Hysteric cry, Restlessness, Adaptation and Transition difficulties,
whereas Type B babies were characterized by Shyness, Embarrassment,
Introvertedness, Isolation and Disconnection. 74% of the ASD children
were described at infancy as Type A and 26% as Type B in comparison
to 52% Type A and only 9% Type B of the DCD children.

Physical co-morbidities
As is shown in Table 5, children diagnosed for ASD and DCD had a
history of recurrent or chronic illnesses, such as allergy related problems,
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analysis was performed with the background parameters used in the
first step, followed by the best clinical predictors and using younger
ages in earlier steps and older ages in the final steps. Adjusted odds
ratios with 95% confidence intervals were calculated. Six parameters
have been found to predict an increased risk for development of ASD:
At birth- small HCp (OR: 0.98; 95% CI: 0.97, 1.000; p 0.034); At 3
months- feeding problems (OR: 16.8; 95% CI: 1.9, 149; p 0.012) and
low Wp (OR: 0.93; 95% CI: 0.943, 0.984; p 0.000); At 9 months- motor
development difficulties (OR: 5.65; 95% CI: 1.76,18.15; p 0.004) and
speech developmental delay (OR: 11.76; 95% CI: 1.16, 120; p 0.037);
and at 18 months- motor development difficulties (OR: 41.03; 95%
CI: 3.38, 499; p 0.004) and communication developmental delay (OR:
78.5; 95% CI: 6.84, 902; p 0.000). Four parameters have been found to
predict the development of DCD: Early gestational age (OR: 0.64; 95%
CI: 0.482, 0.861; p 0.003); feeding problems (OR: 12.96; 95% CI: 1.26,
132.8; p 0.031) and low Wp (OR: 0.957; 95% CI: 0.937, 0.977; p 0.000)
with motor development difficulties (OR: 5.364; 95% CI: 1.982, 14.5; p
0.001) at 3 months. Motor development difficulties were also predictive
of DCD at 9 months (OR: 5.35; 95% CI: 1.847, 15.5; p 0.002) and at 18
months (OR: 13.03; 95% CI: 1.497, 113.34; p 0.02).

ASD
(n=39)

DCD
(n=55)

Milk allergy, Eosinophilia, Asthma, Atopic Dermatitis

41%

38%

Multivariate regression model: Serial regression analyses were
conducted to trace the best predictor for ASD and DCD at each age,
while analyses regarding the ADHD group were previously reported
[23]. Final analysis was performed as described above. At birth, GA
and BW account for 69% of the variance in the ASD group and 42%
of the variance in the DCD group. HC at 1 month of age accounts for
5% of the variance in the ASD group and 4% in the DCD group. At
3 months of age, biometric parameters (HCp, Wp and Hp), sleep and
feeding problems and communication difficulties account for 35%
of the variance in the ASD group. The same parameters in addition
to motor developmental delay account for 36% of the variance in the
DCD group. At 9 months of age, Wp, motor developmental delay and
speech and language delays account for 24% of the variance in the ASD
group. At 18 months of age, Wp, motor developmental delay, speech
and language delays and communication problems account for 38% of
the variance in the ASD group. The same parameters (except for motor
developmental delay) account for 29% of the variance in the DCD
group. At 9 and 18 months of age, biometric parameters (HCp, Wp and
Hp), feeding problems and motor developmental delay account for 26%
and 27%, respectively, of the variance in the DCD group. The overall
predictive model for ASD accounts for 85% of the variance explained
and the overall predictive model of DCD accounts for 71% of the
variance explained.

Recurrent Otitis Media, Serous Otitis Media, hearing loss,
Adenoidectomy, Ventilation tubes insertion

31%

27%

Discussion

Vision problems, Strabismus, Eye glasses

23%

7%

Recurrent trauma and accidents

15%

7%

Recurrent illness

13%

7%

0

11%

Figure 1. Alterations in HCp and Wp during the first 18 months of life in ASD and ADHD
high risk infants (Data of ADHD high risk infants is taken from ref. 23). A, Birth weight
(BW) below 10th percentile; B, BW between 11th to 50th percentiles; C, BW above 51th
percentile. HCp curves are designated by dashed lines and Wp by continuous lines. ASD in
red and ADHD in blue. Each point provides the average value ± standard error. For clarity,
the data of control and DCD high risk infants is not presented as both groups have not
shown significant alterations in their Wp and HCp trajectories
Table 5. Frequencies of physical co-morbidities among children of the ASD and DCD
groups
Parameter

Statistical analysis

The results of this study suggest that infants with high probability
to develop neurobehavioral disorders (NBDs), here named ‘high risk
infants’, exhibit worrisome clinical and physical signs during the first
year of life, which may be used as early predictors. Interestingly, ASD
and DCD, as well as ADHD [23] exert similar risk factors during the
first months in life, such as early gestational age (GA), low weight
percentile (Wp), feeding difficulties (as reflected on deviations from
weight and head circumference percentile trajectories), and difficulties
in motor development. Still, a few early parameters appear to specify the
development of certain NBDs. Speech delay specifies the development
of ASD and ADHD [23], while delay in communication skills seems to
specify ASD development.

Stepwise regression analyses were conducted to trace among all
parameters those that may predict a forthcoming ASD or DCD. Final

The present study corroborates the proposed link between rapid
weight gain and NBD development and also emphasizes the critical

Constipation

hearing problems (e.g., ear infections and Adenoid hypertrophy)
and vision problems (e.g., far- or short-sided and strabismus), which
required surgical interventions. Comparison of the other parameters
revealed twice as frequent recurrent trauma and illness in children with
ASD. The data of this table suggests that children with NBD would
often exhibit disturbances at the immune system.
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timing and extent of these changes, which determine the type of NBD
that may develop. Two parameters that mostly affect the weight and HC
growth rates during infancy are GA and BW. The division of the study
groups to 3 subgroups according to the BW (<10p, 11-50p and >51p)
was instrumental in showing the differences in the correlation between
Wp and HCp changes in infants with high probability to develop
NBD. Rapid increase in weight (intrauterine and/or during the first 3
months) followed by a decrease in HCp may discern the development
of ADHD from that of ASD. It is shown that in infants with BW below
average (Figure 1A and B) the rapid weight gain was accompanied by
an increase in HC growth rate.
Moreover, the higher the increase in Wp at 3 months, more severe
was the NBD that developed (~2.8 fold for ASD, ~2.4 fold for ADHD
and ~2.2 fold for DCD). It is plausible that the high BW and HC at birth
in subgroup C occurred during the last trimester of pregnancy. Hence,
the claim that an increase of HC characterizes infants that may develop
ASD [31] better be refined according to the BW and weight gain rates.
The above results have drawn attention to the importance of
weight gain rates at infancy and the development of NBDs. This link
is also reflected on two major problems, obesity [32] and NBDs [17].
An association between parental obesity and NBD development in
offspring has been recently suggested. Maternal metabolic conditions
during pregnancy and obese fathers were described as risk factors
for ASD and other NBDs [33,34]. The link between obesity and
ASD raised the possibility of a common genetic background, such
as deletions in chromosome 16p11.2 [35,36]. Another suggestion
linked epigenetic obesity with induced changes in DNA modifications
(e.g., methylation), thus affecting gene expression and regulation
[37]. A study of a nationally representative sample of school-aged
children linked lesions in the non-dominant right hemisphere and the
parietal lobe of children with excessive weight gain to abnormal brain
functioning (cognitive impairment in visuo-spatial organization and
general mental ability) [38]. The putative connection between excessive
weight and brain damage could involve increased body status, such as
low-degree inflammation of blood vessels in the brain since overweight
has been identified as a pro-inflammatory state [39]. In addition,
hyper-insulinemia has been shown to be associated with hampered
glucose metabolism and insulin signaling at several brain regions (e.g.,
frontal lobes, hippocampus) involved in planning and organizing [40].
Therefore, rapid increase in weight within 1-3 month of age may incite
metabolic and hormonal changes that affect the brain and lead to the
development of NBDs.
In contrast to the ASD and ADHD [23] ‘high risk infants’, the DCD
‘high risk infants’ have shown the utmost deviation in GA and BW,
yet they followed their low Wp and HCp trajectories till 18 months
of age (Table 2). Therefore, the search for early DCD risk factors has
focused on motor difficulties, one among the several early markers of
NBD development. Indeed, this study reveals a link between irregular
motor development as well as deviations from normal milestone
achievement rates and the development of NBDs. The earliest prevalent
physical signs in 'high risk infants' are hypertonia or hypotonia,
stiffness or hyperlaxity of joints, and Torticollis or Deformational
Plagiocephaly (DP), all affecting motor development (Table 4).
Indeed, a dramatic increase in referrals for assessment and treatment
of deformational plagiocephaly (DP) can be observed during the last
two decades pertinent to the “Back To Sleep” guidelines as a preventive
measure of SIDS (Sudden Infant Death Syndrome) [41]. Although
considered a medically benign condition, DP may be associated with
developmental difficulties, suggesting that children with this condition
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should be monitored for developmental delays or deficits [42]. Another
prospective study on infants at risk has shown significantly poorer fine
and gross motor scores at 36 months of age in those later diagnosed for
ASD [43] thus concluding that early motor difficulties may predict a
forthcoming NBD.
A wide range of motor delays and deficits that constitute the core
of DCD development have also been reported in ASD and ADHD
patients, and there is a link between early deviations from motor
developmental trajectories and psychological outcomes at childhood
[44]. The numerous motor developmental irregularities (Table 3) and
physical abnormalities (e.g., DP, Torticollis, Hyperlaxity; Table 4) that
typify infants at risk to develop NBDs may assist in early identification
of a specific NBD and the establishment of a specific intervention
program based on physical training for improving motor, cognitive
and behavioral development. DCD infants born with significantly
lower Apgar scores at 1 and 5 minutes also reveal higher incidence of
neonatal complications in comparison to the other study groups (Table
1). These early signs may be attributed to lower GA or higher incidence
of lax ligaments and asymmetry in position (Table 4), which might be
considered minor among the predictive parameters for forthcoming
DCD. Another significant observation is the relationship between infant
nutrition and growth rate. The weight and HC of prolonged breast-fed
infants, who later developed DCD, followed their trajectories (Tables
1 and 2). Hence, prolonged breast milk feeding may limit excessive
weight gain.
Minimal eye contact (communication delay), which serves as a
main ASD specific clinical marker [1], was observed in the present
study at an early stage (3 months) only in 12% of the ASD group and at
18 months in 31% of the group (Table 3). Thus, although this marker
has been considered significant in ASD diagnosis, it seems from the
present study that it is actually not a sufficiently sensitive marker at early
infancy. Other common symptoms detected at elevated frequencies in
'high risk infants' are difficulties in controlling sleep, feeding (Table
3) and behavior. Although these predictive markers are detectable
during the first year of life, they are often being overlooked by both
parents and primary care pediatricians due to the difficulty to discern
problems of extreme behavior from early signs of a developing NBD.
This study highlights a number of early markers for NBD development
and supports the hypothesis about an early common pathway that later
diverges to ASD, ADHD and DCD. The findings of this work point
to abnormal motor developmental factors as the main early common
signs for all NBDs, which are combined with difficulties in regulating
processing of sensory stimulations affecting feeding, sleeping and
behavior. The end result of such combination is rapid weight gain
accompanied by deviations from head growth trajectory during the first
three months of life. The extent of deviation may discriminate among
NBDs. The most severe increase in HC would suggest a forthcoming
ASD, whereas the least severe alteration from trajectory would suggest
a forthcoming DCD.
Additional points raised in the present study pertain to (i) the
high number of NBD children diagnosed for allergic disorders (~40%,
Table 5), as was also reported in a large scale study on the prevalence of
allergic co-morbidities (e.g., asthma, allergic rhinitis, atopic dermatitis,
and allergic conjunctivitis) in NBD children [45]; (ii) the high number
of NBD children also suffering from hearing problems, due to fluid
accumulation in the ears, and sleeping problems, due to enlargement
of adenoids causing obstructive sleep apnea. Notably, ~30% of the
ASD and DCD children went through adenoidectomy and Ventilation
Tubes insertion. The link between attention deficit, hyperactivity
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recognized in a baby, more efficient an early tailored bio-psycho-social
treatment might be.
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Figure 2. Schematic description of NBDs overlapping and its hypothetical implication.
ADHD is centered due to its highest incidence. Besides similar characteristics at early
stages of development, the various disorders also reveal common predictive markers
(e.g., motor development delay; rapid weight gain affecting head circumference; and
difficulties in sensory regulation). Thus, intervention during 0-3 months of age in infants
with predictive factors for developing a certain NBD might diminish the development of
all other NBDs. This hypothesis is mostly valid for prevention of DCD (designated by the
arrow) mainly by motor intervention

and impulsivity symptoms and airway obstruction due to AdenoTonsillar hypertrophy has been previously reported [46]. Therefore,
infants exhibiting parameters for a developing NBD should be
evaluated for physical co-morbidities (e.g., allergy, hearing difficulty,
adenoid hypertrophy) as early as possible and be given the proper
treatment. Long term follow-up of the children of the study groups
revealed high percentage learning disabilities (LD) and mental
disorders (MD) at school age. These late effects in addition to early
markers, such as rapid weight gain and difficulties in regulation of
fundamentals like motor development, eating and sleeping, which
typify ASD, ADHD and DCD infants, raise the possibility of a
common early background in the development of all NBDs. The
link among ASD, ADHD, DCD, LD and MD has been previously
proposed [47]. The common background among the various NBDs
is depicted schematically in Figure 2, with ADHD centered due to
its highest incidence. This scheme suggests that early treatment of
one disorder, especially DCD, would affect the development of all
other NBDs (see arrow in Figure 2). The hypothesis here raised is
that early prevention of DCD development in ‘high risk infants’
might establish brain connectivity that would diminish the risk
for development of NBDs. It seems, though, that infants with one
disorder should be routinely checked for the other disorders.
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