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SGA as a Risk Factor for Cerebral 
Palsy in Moderate to Late Preterm 
Infants: a System Review and Meta-
analysis
Mengwen Zhao, Hongmei Dai, Yuanying Deng & Lingling Zhao

Small for gestational age (SGA) is an established risk factor for cerebral palsy (CP) in term infants. 
However, there is conflicting data on the association between SGA and CP in moderate to late preterm 
infants. The aim of the article was to explore the relationship between SGA and CP in the moderate to 
late preterm infants and its strength by meta-analysis. We performed a system search in OVID (EMBASE 
and MEDLINE) and WANFANG from inception to May 2016. The study-specific risk estimates were 
pooled using the random-effect model. A total of seven studies were included in the meta-analysis, 
consisting of three cohort and four case-control studies. A statistically significant association was 
found between SGA and CP in moderate to late premature infants (OR: 2.34; 95% CI: 1.43–3.82). 
The association were higher in the several subgroups: 34–36 week gestational age (OR: 3.47; 95% CI: 
1.29–9.31), SGA < 2SDs (OR: 3.48; 95% CI: 1.86–6.49), and malformation included in CP (OR: 3.00; 95% 
CI: 1.71–5.26). In moderate to late premature infants, SGA is a convenient and reliable predictor for CP. 
More studies are needed to explore the underlying mechanisms between SGA and CP association.

Cerebral palsy (CP), the most common motor disability in childhood resulting from a lesion caused by early 
insults to the developing brain, is a syndrome that has a serious impact on the life qualities of the affected children 
and their families. The prevalence of CP is approximately 1.8–3.5 per 1000 live births in developed countries1–5.
However, there are no large-scale studies from developing countries, except for a study from China, which shows 
the prevalence of CP as 1.5 per 1000 live births6.

Improved as the perinatal and neonatal intensive cares are, the prevalence of CP remains relatively stable over 
the last several decades in developed countries3,7. It is suggested that perinatal disorders may not be the main 
cause of CP. Increasing evidence has demonstrated CP as a heterogeneous disease resulting from genetic factors, 
intrauterine triggers, and perinatal and neonatal diseases or their interaction effects8, such as maternal infec-
tion9,10, gestational age5,11–13, small for gestational age (SGA)5,14–28, birth defects5,13,29, placental conditions5,10,30, 
genetic mutations31,32, birth asphyxia10,13,33, and neonatal diseases8,11,12,33–35. Among them, gestational age and 
SGA, commonly referring to newborns whose birth weights are less than 10th percentile for the gestational age 
and considered to be a proxy for fetal growth restriction, have often been implicated as important risk factors for 
CP. In term infants, the association between SGA and CP is statistically significant18,25,36,37. However, in preterm 
infants, there is no consensus on the association between SGA and CP5,14,33,38–41. Gestational age appears to mod-
ify the association between CP and SGA.

Moderate to late premature infants are defined as those born between 32–36 weeks, which account for 84% 
of all premature births in the USA42. Moreover, the prevalence of CP is higher in this sub-category as compared 
to term group5. With the enhanced quality of perinatal management and health-care of premature newborns, 
concerns on the long-term neurodevelopment outcomes of those infants and opportunities for intervention were 
raised in the past few decades. SGA is a convenient and reliable predictor for neurodevelopment outcomes in 
term infants. However, in moderate to late premature infants, the inconsistency may result from small sample 
sizes and low statistical power, which could possibly show a large p value. The power for meta-analysis exceeds 
individual research. To better understand the association between SGA and CP so that more opportunities for 
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intervention can be provided, we conducted a meta-analysis to assess SGA as a risk factor for CP in moderate to 
late premature infants.

Methods
Literature search. The electronic databases were searched from inception to May, 2016. A search was per-
formed in OVID (EMBASE and MEDLINE) and WANFANG. For example, in MEDLINE, we used a combina-
tion of keywords, text words as well as word variants related to SGA, IUGR, CP, and searched medical subject 
headings: CP limited in epidemiology, etiology, prevention and control; fetal growth retardation and SGA limited 
in complications. A filter to identify case-control and cohort studies provided by BMJ Evidence Centre informa-
tion specialists was used43. The research was also conducted in EMBASE using the similar terms. Furthermore, 
bibliography lists of relevant studies and previously published review articles were searched for potential studies. 
Only articles that were reviewed by peers were considered. The search strategy is described in the Appendix.

Study selection. Inclusion criteria were as follows: (1) Case-control or cohort studies; (2) The study sub-
jects included moderate or late premature infants; (3) The study aimed to explore the relationship between SGA 
and CP; (4) Relative risk (RR) or odds ratio (OR) and their corresponding 95% CIs of CP related to SGA were 
reported, or could be calculated from the data presented in the articles. We excluded animal studies, duplicates, 
case report studies, case series studies, and studies that evaluated the relationship between SGA and other neu-
rodevelopmental conditions.

All titles and abstracts discussing the relationship between SGA and CP in premature infants were inde-
pendently retrieved and screened by two authors (M.Z. and H.D.). If the titles or abstracts were considered as 
potentially relevant by both reviewers, the full-text of those identified studies were then assessed, with all refer-
ences, author names, journal title, and funding sources concealed. Any disagreement was settled by discussion 
with the help of a third author (L.Z.).

Data extraction. For articles meeting the criteria described above, the following data were independently 
extracted into standardized forms by two researchers (M.Z. and H.D.): publication year, birth year, malformation 
included in CP, the matched or adjusted variables, case-control or cohort study design, gestational age category, 
definition of SGA, study location, the first author and odds ratio with 95% confidence interval or crude data. 
When relative odds for the same study subjects were reported in multiple articles, the most recently published 
article was selected. When both crude and adjusted data were available in a study, only crude data were selected 
for the summary calculation since many included studies provided crude data and were not adjusted for the same 
confounders. The ORs were calculated with primary data presented in the articles and then pooled in the final 
meta-analysis, so as to maximize consistency of the individual risk estimates because most identified studies 
reported ORs rather than RRs. The OR can be a substitute for the RR when the prevalence of a disease is low (the 
prevalence of CP is 1.8–3.5 per 1000 live births). When inadequate information was provided for calculating OR, 
the original author was contacted for further information.

Quality assessment. Two authors (M.Z. and H.D.) independently evaluated each included article using the 
Newcastle-Ottawa Scale on the basis of the qualities of the study group selection, comparability of study groups, 
and ascertainment of outcome assessment. The total quality scores ranged from 1 to 9, with higher scores indicat-
ing higher quality. Any disagreement was settled by discussion with the help of a third author (L.Z.).

Statistical analysis. Statistical analysis was performed with R version 3.1.2 (‘meta’ package version 4.0–3). 
95% CIs were calculated with crude data presented in the articles using the Woolf method. When zero cell was 
encountered, 0.5 was added into cell with corresponding 2*2 table. Since some studies provided multiple effect 
estimates on the basis of separate gestational age, an overall effect estimate was calculated from the available crude 
data using inverse variance method. The homogeneity was evaluated by Q test, preserved p =  0.1 used as hetero-
geneous criteria. A summary OR was calculated using randomized effect model, which takes weighted mean of 
each effect estimate. This model was chosen because of anticipated significant heterogeneity between studies on 
the basis of study methods and population. Funnel plot was used to detect potential publication bias. The trim and 
fill analysis was performed to assess the possible effect of publication bias on the meta-analysis. Subgroup analysis 
was performed using the predefined stratification according to study design, definition of SGA, gestational age, 
malformation included in CP, with p =  0.05 indicating statistical significance.

Results
Literature selection. A total of 3519 articles were retrieved in accordance with the above search strategies. 
After read the titles and abstracts of all articles, 25 articles were selected for further review5,14–16,18,19,30,33,38–41,44–56. 
After assessing the full-text of the identified studies, seven articles were included in the meta-analysis5,14,33,38–41. 
The process for study selection and exclusion is detailed in Fig. 1.

Characteristics of included studies. Details of included articles such as first author, location, birth year, 
study design, gestational age, SGA definition, sample size, outcome assessment, assessment of study quality, and 
matched or adjusted variables are presented in Table 1. Most studies were from developed countries (in Europe), 
with only one study from a developing country (China). The year of birth of the participants ranged from 1967 
to 2008. The total number of participants included in this meta-analysis was 135650. Four studies defined SGA 
infants with birth weight less than 2SDs below the mean weight for gestational age, while the others defined SGA 
infants with birth weight less than 10th percentile for the gestational age. The potential confounders controlled 
in the included studies were different in different studies, with two studies presenting crude estimates. There was 
no significant association between SGA and CP in moderate to late premature infants in two studies14,38. Among 
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seven studies, ORs ranged from 1.01 to 6.0. One article adjusted for the most confounders provided an adjusted 
OR (OR: 1.85; 95% CI: 1.25–2.75) in the 34–36 week gestational age and OR (OR: 1.10; 95% CI: 0.57–2.13) in 
the 32–33 week gestational age5. In most studies, the information on CP was extracted from registers, in which 
the diagnosis of CP was based on medical history, imaging data, and clinical multidisciplinary evaluations. Only 
two articles excluded participants with congenital malformation, which was an established risk factor for CP. The 
study quality scores ranged from 5 to 7. The median score was 6.

Overall pooled effect. The overall pooled effect calculated from the seven articles demonstrated a statis-
tically significant association between SGA and CP in moderate to late premature infants (OR: 2.34; 95% CI: 
1.43–3.82), as was shown in Fig. 2. Significant heterogeneity was determined in the meta-analysis (p <  0.001), 
and a random effects-model was used.

Subgroup analysis. The associations between SGA and CP in moderate to late premature infants in sub-
group meta-analyses are shown in Table 2. The increased risk was more evident in several strata of study charac-
teristics: using birth weight less than 2 SDs below the mean weight for gestational age to define SGA (OR: 3.48; 
95% CI: 1.86–6.49), with gestational age limited in 34–36 weeks (OR: 3.47; 95% CI: 1.29–9.31), and malformation 
included in CP (OR: 3.00; 95% CI: 1.71–5.26). In most subgroup analyses, the SGA was a risk factor for CP and 
the associations were statistically significant. The risk of CP was higher in case-control studies than in cohort 
studies. However, case-control studies did not produce significant summary OR (OR: 2.48; 95% CI: 0.93–6.67), 
while cohort studies did (OR: 2.19; 95% CI: 1.15–4.18).

Sensitivity and publication bias analysis. The association between SGA and CP in moderate to late pre-
mature infants was determined by studies with different definitions of SGA and study design. However, removal 
of any study did not appreciably change the association. We performed a publication bias analysis by the funnel 
plot. The graph appeared to be asymmetrical, suggesting the existence of a publication bias (Fig. 3). The trim and 
fill analysis was performed and compared with the original results, which produced higher OR (OR: 2.65; 95% 
CI: 1.65–4.28; p <  0.001).

Discussion
To our knowledge, no meta-analyses have previously explored the association between SGA and CP in mod-
erate to late premature infants. Findings from the current research indicated that moderate to late premature 
infants with SGA had higher risk for CP. The finding was supported by five of seven studies included in this 
meta-analysis5,33,39–41.

From our meta-analysis evidence, SGA was a risk factor for CP in moderate to late premature infants. The 
higher risk for CP among children born with SGA is poorly understood. The association might be explained by 
several hypotheses: (1) Some factors result in both abnormal growth and brain damage; (2) Brain damage leads 

Figure 1. Flowchart of Literature Identification for Meta-analysis. 
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Source Birth Year Study Design GA
SGA 

Definition
No. of 

Participants
No. of 
Cases Outcome Assessment

Matched or adjusted 
variables

Quality 
assessment

Uvebrant P. et al. 
(Sweden)41 1967–1982 case-control 34–36 < − 2SD 145 55 Medical records reviewed by 

physicians
Neonatal wards, GA, sex, 

birth date and type of 
delivery

6

Topp M. et al. 
(Denmark)40 1971–1982 case-control 34–36 < − 2SD 1678 53 Cerebral Palsy Register of 

East Denmark NA 5

Greenwood C. et al. 
(Britain)38 1984–1993 case-control 33–36 < − 1SD 106 36 Oxford Register of Early 

Childhood Impairment Neonatal ward, GA 6

Trønnes H. et al. 
(Norway)5 1967–2001 cohort 32–36 < − 2SD 82702 NA National Insurance Scheme 

of Norway
Pregnancy disorders, 

sociodemographic factors 
and year of birth

7

Jacobsson B. et al. 
(Sweden)14 1983–1990 case-control 34–36 < 10th 73 24

The 1983–90 birth cohort of 
the cerebral palsy project in 

Western Sweden
Time of birth, gestational 
age, gender delivery ward 6

Liu J. et al. (China)39 1990–1997 cohort 32–36 < 10th 4215 105 NA NA 5

Hirvonen M. et al. 
(Finland)33 1991–2008 cohort 32–36 < − 2SD 46731 385

Medical records and clinical 
multidisciplinary evaluation 
from the Hospital Discharge 

Register ICD-10 codes G80 to 
G83 in 1996 to 2008; ICD-9 

codes 342 to 344 in 1991 
to 1995

Time of birth, 
characteristics of mother, 
characteristics of delivery, 

newborn disorders
7

Table 1.  Summary of Characteristics of Included Studies.

Figure 2. Meta-Analysis of SGA and CP in Moderate and Late Premature Infants. Squares represent study-
specific estimates with their size reflecting the study-specific statistical weight; Horizontal lines represent 95% 
CIs; Diamond represents summary estimate with corresponding 95% CIs.

Study Characteristics
No. of 

Studies
No. of 
Cases

P Value for 
Homogeneity

Relative Risk (95% 
Confidence Interval)

Study design

 Cohort 3 < 0.001 2.19(1.15–4.18)

 Case-control 4 = 0.002 2.48(0.93–6.66)

Gestational age

 32–36 3 < 0.001 1.89(1.04–3.43)

 34–36 4 = 0.04 3.47(1.29–9.31)

SGA definition

 < − 2SD 4 < 0.001 3.48(1.86–6.49)

 < 10th 3 = 0.59 1.39(0.95–2.03)

Malformation included in CP

 No 2 = 0.30 1.49(1.05–2.10)

 Yes 5 = 0.001 3.00(1.71–5.26)

Table 2.  Association between SGA and Cerebral Palsy in Moderate and Late. Premature Infants Stratified by 
Study Characteristics.
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to abnormal growth or vice-versa; (3) Abnormal growth makes the newborns susceptible to negative perinatal 
events. According to the first two theories, SGA infants with CP are of prenatal origin. With the third, the peri-
natal events are the main sources, but with a latent prenatal factor. Current studies suggest that genetic and pre-
natal factors may be the primary causes for children born with SGA developing CP24,25. Besides, newborns with 
combined marked SGA and a major birth defect are at higher risk for CP25, as was confirmed by our subgroup 
analyses. Alternatively, some studies suggest that the risk of CP in children born with SGA is limited to those born 
with low Apgar scores57–59. Birth asphyxia may interact with poor fetal growth in the pathogenic pathway leading 
to CP23. Different pathophysiological mechanisms are probably associated with different intervention methods 
and long neurodevelopment outcomes. The potential causes should be actively explored in every infant with SGA.

In subgroup analyses, we showed that the pooled OR was not statistically significant in the subgroup, which 
defined SGA as < 10th. Defining SGA as < 10th is somewhat arbitrary because it may include not only patholog-
ical growth retardation but also constitutional smallness. This may be a reason why the relationship between CP 
and SGA has been described as paradoxical. Standard categorization of SGA is valuable for assessment of mor-
bidity and mortality, better counseling, and potential early intervention. Our evidence supports that defining SGA 
as < 2SDs may be a better cutoff for distinguishing pathological growth retardation from the population. When 
stratified by study design, the risk of CP was higher but not statistically significant in case-control study subgroup 
than in cohort study subgroup. This may be attributed to small sample sizes in case-control studies.

The significant association between SGA and CP appeared to be higher in 34–36 week gestational age in the 
subgroup analyses. It was apt to think that the extended effect of prenatal factors on fetus would put the fetus at 
an increased risk of developing CP. Some studies indicated that spontaneous preterm labor with SGA might be 
a fetal adaptive response14. However, we could not extract data on 32–33 week gestational age from the original 
articles and statistically significant association existed between SGA and CP in 32–36 week gestational age. More 
detailed gestational age classification will be needed in future studies.

In most studies, CP was defined as a group of non-progressive motor impair syndromes attributable to lesions 
or abnormalities of the developing fetal or infant brain. But the definition of CP used in the included studies dif-
fered in some respects. Some studies excluded children with clearly identified postnatal causes or malformation, 
while others did not. The age of CP diagnosis varied among the studies. Of all included studies, three made the 
diagnosis in children at least three years old, four without explicit age limitation. In our subgroup meta-analysis, 
the studies were classified by whether they excluded CP infants with malformation. The association between SGA 
and CP was weakened in subgroup with malformation excluded. Genetic mutations were suggested to be the 
cause of CP, and that a standard definition of CP is needed.

This meta-analysis has some limitations. First, we found significant heterogeneity across studies, which may 
result from differences in study design, sample size, definition of SGA, analysis strategies, and participants’ char-
acteristics. But sensitivity analysis showed that the result was robust. The statistically significant associations were 
consistent in most subgroup meta-analyses. Second, matched or adjusted variables in most studies were different 
and two studies provided crude OR, which indicated the potential to wrongly attribute SGA to CP when other fac-
tors may contribute. However, a cohort study with the most adjusted confounders provided similar results33. Third, 
the funnel plot suggested a possible publication bias. The result from the trim and fill analysis was higher than the 
original outcomes. Finally, our pooled data contained few data of developing countries, thus lacking generalizability.

Among the children born with 32–36 week gestational age, strength of the association between SGA and CP 
was confirmed. Infants born in the 32–36 week gestational age with SGA showed up to 1.34 fold increase in the 
risk for CP (OR: 2.34; 95% CI: 1.43–3.82) as compared to infants with appropriate gestational age. In addition, the 

Figure 3. Funnel Plots for Detecting Publication Bias. Open circles suggest included studies, while the filled 
circles represent imputed studies identified from the trim and fill analysis.



www.nature.com/scientificreports/

6Scientific RepoRts | 6:38853 | DOI: 10.1038/srep38853

risk of developing CP was 3.48 (95% CI: 1.86–6.49) when SGA was defined as < 2SDs. Accurate prediction of the 
risk of developing CP in moderate to late premature infants with SGA would be very valuable for early interven-
tions to reduce the frequency of those adverse events. Additional research is needed to investigate the underlying 
causes between SGA and CP, which will likely improve clinical care, enable a more informed prognosis for those 
children and future pregnancies of their mothers, and contribute to a better understanding of the important rela-
tionship between SGA and CP.
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