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Abstract 

 

The aim of this study is to examine the long-term cognitive effects and educational outcomes 

of being born small-for-gestational-age (SGA). It also assesses whether the family’s attitude 

towards education modifies the effect of SGA on cognitive performance. A total of 9598 

children born in 1953 and living in the Stockholm metropolitan area in 1963 were included in 

this study. Data were obtained from the Stockholm Birth Cohort. Multiple ordinary least 

square regressions analyses suggest that SGA children have lower mean verbal, spatial and 

numerical test scores than appropriate-for-gestational-age (AGA) children. However, these 

differences are small. Other results from modification analyses indicate that the effect of SGA 

status on cognitive performance is modified by the family’s attitude towards education. 

Additional logistic regression analyses suggest that the unadjusted difference in log odds of 

attaining higher education is largely explained by the family’s attitude towards education. The 

results suggest that the detrimental influences of being born SGA on some cognitive and 

educational outcomes are limited and may be reduced.  
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Introduction 

Being born small-for-gestational-age  

 

The definition of SGA 

Size at birth is frequently used as an important indicator of new-born infants’ health status. 

There are several different measurements for assessing birth size of infants, including 

gestational age, birthweight, birth length, birth head circumference, ponderal index etc. The 

most widely used measurement of birth size is birthweight since it is considered as the most 

accurate and valid measure compared with other measurements (WHO, 1995) . The cut-off 

point of at or below 2500g is usually classified as a low birthweight. Gestational age as 

another commonly used measurement for birth size is normally calculated as the number of 

completed weeks between delivery and mother’s recall of the last menstrual period (LMP). 

Because body size increases with age, it is important to specify the age regardless of the type 

of anthropometric measure that is used. The size of the baby at birth should reflect 

information not only on rate of foetal growth but also the length of gestation (WHO, 1995). 

The WHO (1995) also recommended that birthweight should be considered with respect to 

gestational age in the presence of information on gestational age. Hence, the ideal indicator of 

birth size is birthweight-for-gestational-age, which is a composite measure of size at birth. In 

addition, in comparison with birthweight, birthweight-for-gestational-age is a more sensitive 

measure of foetal health (WHO, 1995).  

 

The birthweight-for-gestational-age is generally classified into small-for-gestational-age 

(SGA), appropriate-for-gestational-age (AGA) and large-for-gestational-age (LGA). The 

criteria for cut-off points vary. The most frequently used definition of SGA is a birthweight 

below the 10
th

 percentile of a birthweight-for-gestational-age reference population. 

Correspondingly, 90
th

 percentile is the cut-off point between AGA and LGA.  In some cases, 

the classification of SGA is stricter with a lower cut-off point as a birthweight below -2 

standard deviations (SD) from the mean weight for a given gestational age (Källén, 1995; 

Vikström, Hammar, Josefsson, Bladh, & Sydsjö, 2014). Correspondingly, +2 SD from the 

reference mean is used as the dividing line between AGA and LGA. 

 

SGA, intrauterine growth restriction (IUGR) and low birthweight 
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The causes of SGA could be either constitutionally small due to genetic factors or 

pathologically small due to intrauterine growth restriction (IUGR) (Lee et al., 2013). SGA is 

commonly used as a proxy measure for IUGR since the latter indicator is not easy to measure. 

But these two terms are definitely not synonymous (WHO, 1995). The infants born SGA may 

not necessarily be IUGR and on the other hand infants who had ever experienced a short 

period of IUGR could bear at normal size (Queensland Health, 2010).  

 

It should be also noted that SGA is not synonymous with low birthweight, although there is 

an overlap between them. Low birthweight is commonly defined as the birthweight less than 

2500g regardless of gestational age at birth. The reason for low birthweight includes preterm 

birth or IUGR, or a combination of these two conditions (Katz et al., 2014). SGA is able to 

distinguish between infants who are too small because of preterm birth and those who are 

small but born at term. In other words, babies who born with low birthweight due to preterm 

birth are not necessarily considered as SGA.  

 

A life course approach to investigate the outcomes of poor birth characteristics 

 

A life course approach in epidemiology investigates the long-term effects of physical and 

social risk factors during fetal development, childhood, adolescence, young adulthood, later 

adult life and even across generations on later health outcomes (Kuh, Ben-Shlomo, Lynch, 

Hallqvist, & Power, 2003). From a life course perspective, size at birth is closely related to 

maternal genetic, nutrition, social factors, as well as maternal smoking and maternal 

morbidity during pregnancy (Kramer, 1987; Parker, Schoendorf, & Kiely, 1994).  On the 

other hand birth size also could influence the health of the infant through childhood to 

adulthood. It has been well established that poor birth characteristics including low 

birthweight, preterm birth or being born SGA are correlated with adverse health outcomes 

over the life course, such as a higher rate of infant mortality and childhood morbidity, and 

greater risk of chronic diseases and cancer in adulthood, etc. (McCormack, dos Santos Silva, 

Koupil, Leon, & Lithell, 2005; McCormick, 1985; Valdez, Athens, Thompson, Bradshaw, & 

Stern, 1994; Vikström et al., 2014). One plausible explanation for these associations is 

Barker’s fetal origins hypothesis, which has revealed that conditions in the intrauterine 

environment are related to a number of chronic diseases later in life (Barker, 1998).  
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The fetal origins hypothesis is subsumed in the life course approach. However, a life course 

approach refers to a broader perspective. Based on Barker’s classic hypothesis, the theory of 

the fetal origins has been broadened in an economic perspective by examining the effects of 

fetal origins on non-health outcomes like human capital (Almond & Currie, 2011). This newer 

perspective on the fetal origins hypothesis has provided a theoretical framework for studying 

the effects of fetal health on the amount of educational attainment which is the central 

measure in human capital theory.  

 

From the perspective of social selection, health determines socio-economic position (Black, 

Morris, Smith, & Townsend, 1988). This framework emphasizes the role that early health-

relevant characteristics in shaping later socio-economic position. As an important indicator of 

early-life health status, size at birth is expected to be the predictor of socio-economic position 

later in life. Birthweight-for-gestational-age is considered the best indicator of birth size. In 

turn, education is seen as one of important indicators of socio-economic position. Thus it is of 

interest to study the association between SGA and educational outcomes later in life. 

 

Birthweight, gestational age and cognitive / educational outcomes  

 

An extensive group of studies investigated the relationship of birthweight or gestational age 

with cognitive and/or educational outcomes. Robust evidence from a meta-analysis reported 

infants born with shorter gestational age or lower birthweight were at higher risk of lower 

performance on a cognitive test (Bhutta, Cleves, Casey, Cradock, & Anand, 2002). A Swedish 

study reported a significant effect for birthweight but not for gestational age on IQ test scores 

and school performance at age of 13, and the combined effect of birthweight and gestational 

age on IQ test scores and school performance was significant (Lagerström, Bremme, Eneroth, 

& Magnusson, 1991). Another study in a Brazilian setting identified shorter gestational age 

and lower birthweight as risk factors for children’s language development (Zerbeto, Cortelo, 

& Élio Filho, 2015).  Other earlier research assessed long-term effects of very low birthweight 

on cognitive and educational outcomes by comparing the outcomes between the ages of 6 and 

12. It was suggested that very low birthweight children were more likely to experience a long-

term disadvantage in cognitive and educational performance compared with their normal 

birthweight peers (Botting, 1998). A Norwegian study evaluated cognitive performance of 

low birthweight children who were born in 1980s at the ages of 5 and 11. The results further 

demonstrated that the mean difference in IQ test score between low birthweight children and 
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normal birthweight children was smaller at the age of 11 (4 points) than at the age of 5 (7 

points) (Elgen, Sommerfelt, & Ellertsen, 2003).  

 

There was also a large literature focusing on cognitive and educational outcomes of being 

born SGA. But reported results were conflicting. Pryor, Silva, and Brooke (1995) showed that 

children whose weight was below the 10
th

 percentile at birth had significantly lower mean IQ 

test scores when compared with those with a birthweight above the 10
th

 percentile. Low et al. 

(1992) demonstrated that IUGR was significantly associated with learning deficits among 

children at the age between 9 and 11. A French study focused on preterm SGA infants 

including classic SGA (<10
th

 percentile) and mild SGA (10
th

-19
th

 percentile) (Guellec et al., 

2011). This study assessed the cognitive function by the Kaufman Assessment Battery for 

Children and evaluated the school difficulties (special schooling or low grades) based on a 

questionnaire from parents. They found that both classic and mild SGA were associated with 

impaired cognitive and academic performance. However, some other studies failed to find 

differences in cognitive or educational outcomes between the SGA and the AGA children 

(Hawdon, Hey, Kolvin, & Fundudis, 1990; Martyn, Gale, Sayer, & Fall, 1996) 

 

Confounding and moderating effects  

 

Previous studies have suggested prenatal and social factors confound and/or moderate the 

association between birth characteristics and cognitive or educational outcomes. For example, 

Bassan et al. (2011) examined all the prenatal factors and found maternal age at birth of the 

child was significantly associated with cognitive function and also affected placental growth 

which is highly associated with fetal growth. The type of pregnancy (singleton pregnancy or 

multiple pregnancy) was also found to confound the effect of SGA or low birthweight on 

cognitive outcomes (Elgen et al., 2003; Moore et al., 2014).  

 

Social factors such as the number of siblings and marital status of mother were also 

considered as confounders in previous studies (Beaino et al., 2011; Goodman, Gisselmann, & 

Koupil, 2010). They showed a higher number of siblings or an unmarried mother predicted 

poor cognitive or educational outcomes. In addition to the social factors concerning family 

structure, more prominent social factors were indictors of parental social status. A large 

number of studies have shown that lower socio-economic status is an important predictor of 

poor birth characteristics in terms of low birthweight, preterm birth and SGA (de Bernabé et 
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al., 2004; Kogan, 1995; Thompson et al., 2001). On the other hand, it has long been well 

established that socio-economic status is strongly associated with cognitive and educational 

outcomes (Bourdieu, 1986; Coleman, 1966). 

 

Parental socio-economic indicators particularly parental education could also be a potential 

moderator. Parental socio-economic status has one of  the most important effects on the early 

developmental environment of children (Ceci, 1991). Based on the assumption that cognitive 

development can be improved through early cognitive stimulation, parental education served 

as a moderator in several studies. Gisselmann, Koupil, and De Stavola (2011) investigated the 

combined impact of gestational age and parental education on school achievement. Voss, 

Jungmann, Wachtendorf, and Neubauer (2012) pointed out that cognitive development of 

extremely low birthweight children was more promising among those with well-educated 

mothers than those with less-educated mothers. Compared with parental education, parenting 

style might be more directly related to the quality of cognitive stimulation. Specifically, how 

parents interact with their children could confound or even modify the effect of SGA on 

cognitive performance. For example some parents might try to help a cognitively impaired 

child by reading to or with with them. Several studies have suggested that parents with a 

higher socio-economic position are more likely to cultivate their children (Bodovski & 

Farkas, 2008; Cheadle, 2008). Such findings not only suggested that what parents actually do 

with their children educationally is important but that this behavior is itself shaped by the 

background of the parent.  

 

Aim and research questions 

 

The primary aim of the present study is to examine the long-term effects of being born SGA 

on cognitive performance in early adolescence and educational attainment in adulthood. The 

secondary aim is to determine whether the family’s attitude towards education modifies the 

effects of being born SGA on cognitive performance.  

 

The specific research questions are the following:  

1) Is being born SGA associated with cognitive performance on the verbal opposites, spatial 

and numerical series test scores, at age 13 after controlling for  important covariates?  

2) If so, is this association modified by the family’s attitude towards education? 
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3) Is being born SGA associated with attainment of higher education after controlling for 

important covariates? 

  

Methods 

Data material 

 

Source  

The study used data from the Stockholm Birth Cohort study (SBC). The SBC study was 

created in 2004/2005 by a probability matching of two comprehensive and longitudinal 

datasets: the Stockholm Metropolitan Study (SMS) and the Swedish Work and Mortality 

Database (WMD). The aim of the SBC study was to create a new database for 

intergenerational and life-course studies of health and social outcomes (Stenberg et al., 2007). 

The first dataset (SMS) included survey and registry data which provided extensive social and 

health information from birth, childhood and adolescence on all children born in 1953 and 

living in the Stockholm metropolitan area in 1963. The SMS dataset was de-identified in 

1986. The second dataset (WMD) without any personal identification, consisted of 

information on income, work, and education as well as inpatient visits, social assistance and 

mortality from mid-life for all individuals living in Sweden in 1980 or 1990, and born before 

1985 (Stenberg et al., 2007). As both SMS and WMD were de-identified, a matching 

procedure based on 13 identical variables which were included in each was used to match the 

same individuals in both. The new database, SBC, was created with a 96% matching rate. The 

resulting database provided a 50 year long follow-up of the original 1953 birth cohort 

(Stenberg et al., 2007). 

 

The following surveys and routine registries, which were included in the SBC database, were 

used for the present study: The School Study (1966), Delivery records (1953), Occupational 

data (1953, 1963), Register of Population and Income (1964) and Longitudinal Database on 

Education, Income and Occupation (LOUISE) (1990-2001). 

 

Study population 

There were 14,294 cohort members in the SBC, consisting of 7,305 men and 6,989 women. In 

the present study, 67 individuals with congenital malformation were excluded. The rationale 
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for this exclusion is that children with malformation may perform differently on 

developmental outcomes compared with normal children (Strauss, 2000).  After the first stage 

of exclusion, there were 3014 subject with missing information on SGA status, 1514 subjects 

with missing information on at least one mental test score and 763 subjects with missing 

information on educational attainment. However, the total number of subjects with missing 

information on any of these variables was 4625. These 4625 subjects were excluded from our 

study due to the missing information on any of the aforementioned independent and 

dependent variables. Another 4 subjects with missing information on the type of pregnancy 

and maternal age at birth were also excluded. The exclusions led to a final study sample 

containing 9598 subjects (See Figure 1). 

 

After performing the described exclusions, there were 70 subjects with missing information 

on the marital status of mother, 950 subjects with missing information on class size, 1312 

subjects with missing information on father’s income, 230 subjects with missing information 

on parental social class, 746 subjects with missing information on family’s attitude towards 

education and 94 subjects with missing information on the number of books read per week. 

These subjects were not excluded from the study sample since the number of the subjects was 

sufficient to assign them into “information missing” categories.  All other variables had 

complete information.  
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Figure 1. The process of selecting the final study sample 

 

Sensitivity analysis concerning missing data 

Missing data existed for most of the independent variables in this study. Sensitivity analyses 

were undertaken to determine if the missing data would affect the results. The comparison of 

the results between the sample excluding subjects with missing data and the sample including 

subjects with the missing data showed that the missing information on independent variables 

would not bias the results (see Appendix). 

 

Ethical approval  

Ethical permission for the matching of the two anonymous datasets (SMS and WMD) and the 

creation of the SBC database was obtained from the Stockholm Regional Ethical Committee. 

The project was also approved by the Board of Health and Social Welfare and by Statistics, 

Sweden (Stenberg et al. 2007). The SBC database is stored in an encrypted form and the 

master copy is kept locked in a safe. Researchers typically have access to only a small 

segment of the database and the data can only be used at CHESS. 
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Variables 

 

Dependent variables            

The study’s dependent variables were cognitive performance on 3 mental test scores at age 13 

and educational attainment at age 48.  

 

The data on cognitive performance at age 13 were obtained from the School Study in 1966 in 

3 content areas including verbal, spatial and numerical ability. The scale of test scores ranged 

from 0 to 40 points. The 3 outcome measures of cognitive performance were treated as 

continuous variables.  

 

The data on educational attainment available in LOUISE were updated every year during 

1990-2001. The data from 2001 were used in the current study. In the original dataset 

education level was grouped into 7 categories: preschool education, compulsory education 

less than 9 years, compulsory education 9 (10) years, upper secondary education,  post-

secondary education less than 2 years, post-secondary education for 2 years or longer and 

postgraduate education. In this study, educational attainment was defined as: whether the 

subject attained higher education or not. The first 4 categories were collapsed into not 

attaining higher education and the last 3 categories were considered as attaining higher 

education. The attainment of higher education was coded as a dichotomous variable: yes 

(coded as 1) and no (coded as 0). 

 

Independent variables 

The main independent variable of this study was the SGA status, which was determined based 

on the birth weight, gestational age, sex and parity. These data were obtained from the 

Delivery Records in 1953. The subjects were categorized into 3 groups: SGA group 

(birthweight for gestational age <10
th

 percentile), AGA group (10
th

 percentile ≤birthweight 

for gestational age≤ 90
th

 percentile) and LGA group (birthweight for gestational age > 90
th

 

percentile). This classification was dependent on a sex and parity-specific reference for 

birthweight by gestational age (Visser, Eilers, Elferink-Stinkens, Merkus, & Wit, 2009).  

 

Control variables 

The following variables were included as covariates in this study: mother’s age at birth of 

child, type of pregnancy, number of siblings, marital status of the mother, grade level, class 
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size, father’s income, parental social class, family attitude towards education, and the number 

of books read per week. 

 

Data on mother’s age at birth of the child and the type of pregnancy were obtained from the 

Delivery Records in 1953. Mother’s age at birth of the child was created based on mother’s 

birth year. It was categorized into 3 groups: mother’s age at birth <25 years, 25-34 years and 

≥35 years. This categorization was based on the scheme used in a French study examining the 

neurological outcomes at school age in SGA and mild SGA infants (Guellec et al., 2011). The 

type of pregnancy was collapsed into 2 groups: single birth and multiple births. 

 

Data on the number of siblings, marital status of the mother and father’s income were derived 

from the Register of Population and Income in 1964. The number of siblings was collapsed 

into 3 categories: 0, 1 and ≥ 2. Marital status of the mother was divided into 4 categories: 

married, not married, widow or divorced, and information missing. A Swedish study 

examining the effects of birth characteristics and early-life social factors on educational 

outcomes used the same categorisation for marital status of the mother (Goodman et al., 

2010). Father’s income level was divided into tertiles: lower level (1-19 thousands of kronor), 

medium level (20-26 thousands of kronor), higher level (≥ 27 thousands of kronor) and no 

income or unknown. 

 

Data on grade level, class size, family’s attitude towards education and the number of books 

read per week were available from the School Study in 1966. Grade level was grouped into: 

lower than 6
th

 grade, 6
th

 grade and higher than 6
th

 grade. Class size was categorised into: small 

class size (1-20 pupils), big class size (21-40 pupils) and information missing. Family’s 

attitude towards education was rated by 10 relevant questions. The score ranged from 0-10 

where 10 points represented the most positive attitude. In our study this variable was divided 

into 4 categories: negative attitude (0-3 points), neutral attitude (4-6 points), positive attitude 

(7-10 points) and missing information. Number of books read per week was also divided into 

4 categories: more than 1 book, 1 book or less than 1 book, never or seldom and information 

missing.  

 

Data on parental social class were obtained from Occupational data in 1953 and 1963. It was 

merged into 4 categories: upper and upper middle class, lower middle class, working class 

and information missing.  
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Statistical analysis 

 

The analytical sample includes 9598 subjects. All statistical analyses were conducted with 

SPSS for windows, version 22. Descriptive statistics summarize the characteristics of the 

sample.  

 

To assess the relationship between SGA status and cognitive performance, linear regression 

analyses were performed. The regression coefficients and their 95% confidence intervals were 

presented in the results.  Six sets of models were included in the linear regression analyses. 

The unadjusted model estimated the simple bivariate association between SGA status and 

cognitive performance before considering the effects of relevant covariates. Model 1 adjusted 

for maternal age at birth of the child and the type of pregnancy. Model 2 additionally adjusted 

for the number of siblings and marital status of the mother. Model 3 added controls for grade 

level and class size. Model 4 additionally adjusted for father’s income level and parental 

social class. The full Model 5 included additional adjustment for the family’s attitude towards 

education and the number of books read per week. Regressions were run separately for each 

of the 3 subtests.  

 

To test the role of the family’s attitude toward education as a potential moderator in the 

relationship between SGA status and cognitive performance, the effects of various 

combinations of SGA status and the family’s attitude towards education were examined by 

linear regression. In order to simplify the combinations, the measure of SGA status was 

dichotomized into a SGA group and a non-SGA group (the AGA group and LGA group were 

merged into the non-SGA category). In addition, pairwise contrasts between these groups 

were made within the categories of the family’s attitude towards education. The modification 

analysis was adjusted for all relevant covariates.  

 

To assess the relationship between SGA status and the attainment of higher education, logistic 

regressions were conducted. Results were presented in odds ratios and 95% confidence 

intervals. Five sets of models were included in the logistic regression analyses. The 

unadjusted model estimated the simple bivariate association between SGA status and the 

attainment of higher education without considering the effects of the covariates.  Model 1 

adjusted for maternal age at birth of the child, pregnancy type, the number of siblings, and 

marital status of the mother. Model 2 adjusted only for father’s income level, parental social 
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class and the family’s attitude towards education. Model 3 adjusted only for the 3 mental test 

scores. The full Model 4 adjusted for all covariates described above. 

 

Results 

Characteristics of the study sample  

 

The descriptive characteristics of the study population are presented in Table 1. Among 9598 

subjects in the study sample, 8.3 % of the total study population are SGA individuals while 

15.0% of the total study population are LGA individuals. The majority of the study population 

are AGA (76.7%). 98 % of the subjects are singleton births. SGA infants are more commonly 

found in multiple births. Subjects of the maternal age at birth between 25 and 34 constitute 

over half of the study population. Nearly half of the subjects have a single sibling. The 

majority of mothers are married (91.8%). Most subjects were in the 6
th

 grade (90.8%) and in a 

class with more than 20 students (80.8%) at the time of testing. More than a third (34.9%) of 

subjects has a father whose income is reported in the highest category in 1963. Most subjects’ 

parental social class are lower middle class (42.8%) or working class (38.8%). The prevalence 

of SGA is higher among infants from families with low socio-economic status. For 41% of 

the subjects, their family’s attitude towards education is positive. 27.7% of the subjects read 

more than 1 book per week, while 30.1% of the subjects never or rarely read. 
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Table 1. Number and percentage individuals by SGA status (n=9598). 

  
SGA group 

(n=798) 
AGA group 

(n=7364) 
LGA group 

(n=1436) 
All (n=9598) 

  n % n % n % n % 

Sex                 
  Man 398 49.9 3716 50.5 719 50.1 4833 50.4 
  Women 400 50.1 3648 49.5 717 49.9 4765 49.6 
Maternal age at birth                 
  < 25 years 206 25.8 1905 25.9 373 26.0 2484 25.9 
  25-34 years 442 55.4 4269 58.0 799 55.6 5510 57.4 
  ≥35 years 150 18.8 1190 16.2 264 18.4 1604 16.7 
Type of pregnancy                 
  Single birth 738 92.5 7236 98.3 1431 99.7 9405 98.0 
  Multiple birth 60 7.5 128 1.7 5 0.3 193 2.0 
Number of siblings                 
  0 167 20.9 1425 19.4 266 18.5 1858 19.4 
  1 323 40.5 3253 44.2 666 46.4 4242 44.2 
  ≥2 308 38.6 2686 36.5 504 35.1 3498 36.4 
Marital status of mother                 
  Not married 13 1.6 80 1.1 9 0.6 102 1.1 
  Married 710 89.0 6746 91.6 1353 94.2 8809 91.8 
  Widow or divorce 66 8.3 479 6.5 63 4.4 608 6.3 
  Information missing 9 1.1 59 0.8 11 0.8 70 0.8 
Grade level                 
  Lower than 6th grade 90 11.3 498 6.8 76 5.3 664 6.9 
  6th grade 699 87.6 6708 91.1 1309 91.2 8716 90.8 
  Higher than 6th grade 9 1.1 158 2.1 51 3.6 218 2.3 
Class size                 
  1-20 pupils  79 9.9 702    9.5  114  7.9  895  9.3 
  21-40 pupils  615 77.1 5955  80.9  1183  82.4  7753  80.8 
  Information missing  104 13.0 707  9.6  139  9.7 950  9.9 
Father’s income level                 
  Higher level 227 28.4 2584 35.1 543 37.8 3354 34.9 
  Middle level 227 28.4 2009 27.3 411 28.6 2647 27.6 
  Lower level 217 27.2 1753 23.8 315 21.9 2285 23.8 
  No income or unknown 127 15.9 1018 13.8 167 11.6 1312 13.7 
Parental social class                 
  Upper  and upper middle 
class 

109 13.7 1170 15.9 256 17.8 1535 16.0 

  Lower middle class 331 41.5 3139 43.4 587 40.9 4111 42.8 
  Working class 332 41.6 2821 38.3 569 39.6 3722 38.8 
  Information missing 26 3.3 180 2.4 24 1.7 230 2.4 
Family’s attitudes 
towards education 

                

  Negative attitude 244 30.6 1775 24.1 316 22.0 2335 24.3 
  Neutral attitude 214 26.8 1961 26.6 408 28.4 2583 26.9 
  Positive attitude 278 34.8 3046 41.4 610 42.5 3934 41.0 
  Information missing 62 7.8 582 7.9 102 7.1 746 7.8 
Reading books per week                 
  > 1 books 195 24.4 2031 27.6 437 30.4 2663 27.7 
  <= 1 book 336 42.1 3021 41.0 596 41.5 3953 41.2 
  Never or seldom 255 32.0 2237 30.4 396 27.6 2888 30.1 
  Information missing 12 1.5 75 1.0 7 0.5 94 1.0 

 

SGA status and cognitive performance 
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Results of the linear regression analyses between SGA status and cognitive performance are 

shown in Table 2-4.  Table 2 presents the association between SGA status and verbal test 

scores. The first column presents the unadjusted relationship between SGA status and verbal 

test scores. The negative b coefficient for SGA group suggests that SGA subjects have lower 

verbal test scores (-1.4 points) when compared with the AGA group. The positive b 

coefficient for LGA group suggests that LGA subjects score higher on the verbal test when 

compared with the AGA group. These mean score differences are statistically significant 

(p<0.001). The results from Model 1 to 5 show that the strength of association between SGA 

status and verbal test scores decreases as control variables are added. The strength of 

association decreases slightly after controlling for prenatal factors and family structure 

(Model 2). Further controls for grade level and class size in Model 3 leads to a more 

pronounced attenuation of the association. After adjusting for all covariates (Model 5), SGA 

subjects score, on average, 0.56 point lower than AGA subjects on the verbal test. This result 

is statistically significant at the 1% level. The adjusted R
2
 in the full model shows that 34 % 

of the variation in verbal test scores can be explained by the predictors in the full model.  

 

Table 2. Linear regression models of association between SGA status and verbal test score 

(n=9598). 

 Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5 

 B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI) 

SGA status       

  AGA (ref.)       

  SGA -1.40*** 

(-1.89,-0.91) 

-1.33*** 

(-1.82,-0.84) 

-1.31*** 

(-1.80,-0.82) 

-0.91*** 

(-1.36,-0.46) 

-0.77*** 

(-1.21,-0.34) 

-0.56** 

(-1.00,-0.16) 

  LGA 0.74*** 

(0.36,1.12) 

0.72*** 

(0.34,1.10) 

0.69*** 

(0.32,1.07) 

0.47** 

(0.12,0.81) 

0.44* 

(0.10,0.77) 

0.32* 

(0.01,0.63) 

Adjusted R
2 

 0.022 0.035 0.177 0.228 0.341 

p <0.001=***, p<0.01=**, p<0.05=* 

Model 1 adjusted for maternal age at birth of the child and the type of pregnancy. 

Model 2 adjusted for the number of siblings and marital status of the mother based on Model 1. 

Model 3 adjusted for grade level and class size based on Model 2. 

Model 4 adjusted for father’s income and parental social class based on Model 3. 

Model 5 adjusted for the family’s attitude towards education and number of book read per week based on Model 

4, representing the full model. 
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The association between SGA status and spatial test scores is presented in Table 3. In 

comparison with the verbal test score results, similar mean score differences are observed for 

LGA, AGA and SGA children on the spatial test. In all 6 models, SGA individuals, on 

average, score lower on the spatial test while LGA individuals score higher when compared 

with the reference group. These mean differences are statistically significant (p<0.001 or 

0.01). The result of bivariate association shows that the average spatial test score of SGA 

children is 1.22 points lower than the AGA children. The gap between the SGA group and the 

AGA group reduces from -1.22 to -0.67 after all covariates are included. On the spatial test, 

SGA children score 0.67 point lower than similar AGA peers while LGA children score 0.67 

point higher net of all included covariates. These results are statistically significant at the 1% 

level. The adjusted R
2
 of the full model shows that 11 % of the variation in spatial test scores 

can be explained by the predictors in the full model.  

 

Table 3. Linear regression models of association between SGA status and spatial test score 

(n=9598). 

 Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5 

 B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI) 

SGA status       

  AGA (ref.)       

  SGA -1.22*** 

(-1.73,-0.79) 

-1.20*** 

(-1.72,-0.68) 

-1.18*** 

(-1.70,-0.66) 

-0.90*** 

(-1.40,-0.39) 

-0.81** 

(-1.31,-0.31) 

-0.67** 

(-1.17,-0.18) 

  LGA 0.89*** 

(0.49,1.29) 

0.89*** 

(0.49,1.29) 

0.87*** 

(0.47,1.27) 

0.73*** 

(0.34,1.11) 

0.71*** 

(0.33,1.10) 

0.67** 

(0.29,1.05) 

Adjusted R
2 

 0.009 0.011 0.067 0.085 0.114 

p <0.001=***, p<0.01=**, p<0.05=* 

Model 1 adjusted for maternal age at birth of the child and the type of pregnancy. 

Model 2 adjusted for the number of siblings and marital status of the mother based on Model 1. 

Model 3 adjusted for grade level and class size based on Model 2. 

Model 4 adjusted for father’s income and parental social class based on Model 3. 

Model 5 adjusted for the family’s attitude towards education and number of book read per week based on Model 

4, representing the full model. 

 

The association between SGA status and numerical test scores is shown in Table 4. The mean 

test score difference between the SGA group and the AGA group is largest when compared 

with the between group mean difference on the other subtests. The unadjusted relationship 

between SGA status and the numerical test scores reveals that the SGA individuals score 1.69 
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points lower than their AGA peers. This difference decreases to -0.8 point and remains 

statistically significant (p<0.01) after all covariates are included.  It should be noted that LGA 

children still have a slight advantage on the numerical test when compared with their AGA 

peers, but the difference is very small and is not statistically significant in the full model. The 

adjusted R
2
 of the full model shows that 23% of the variation in numerical test scores can be 

explained by the predictors in the full model.  

 

Table 4. Linear regression models of association between SGA status and numerical test 

score (n=9598). 

 Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5 

 B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI) 

SGA status       

  AGA (ref.)       

  SGA -1.69*** 

(-2.28,-1.10) 

-1.64*** 

(-2.23,-1.04) 

-1.59*** 

(-2.18,-0.99) 

-1.16*** 

(-1.72,-0.61) 

-1.03*** 

(-1.57,-0.48) 

-0.80** 

(-1.33,-0.28) 

  LGA 0.58* 

(0.13,1.04) 

0.59* 

(0.13,1.04) 

0.54* 

(0.08,0.99) 

0.28 

(-0.15,0.71) 

0.25 

(-0.17,0.67) 

0.17 

(-0.24,0.57) 

Adjusted R
2 

 0.014 0.020 0.129 0.163 0.230 

p <0.001=***, p<0.01=**, p<0.05=* 

Model 1 adjusted for maternal age at birth of the child and the type of pregnancy. 

Model 2 adjusted for the number of siblings and marital status of the mother based on Model 1. 

Model 3 adjusted for grade level and class size based on Model 2. 

Model 4 adjusted for father’s income and parental social class based on Model 3. 

Model 5 adjusted for the family’s attitude towards education and number of book read per week based on Model 

4, representing the full model. 

 

The role of family’s attitude towards education between SGA status and cognitive 

performance  

 

The effects of different combinations of SGA/non-SGA status and the family’s attitude 

towards education on the verbal test scores are presented in Figure 2. There is a clear gradient 

for both the SGA group and the non-SGA group, where lower average verbal test scores are 

found among children whose family has a negative attitude towards education while higher 

average scores are found among those whose family has a positive attitude towards education. 

SGA children with a positive family attitude towards education score marginally lower than 

non-SGA children whose family also has a positive attitude towards education (but this result 
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is statistically significant at a p<0.040). However, these same SGA children also perform 

better than all the other SGA status/family education attitude categories. These mean 

differences are all statistically significant at a p<0.001. The SGA children whose family has a 

negative attitude towards education have the lowest scores. The small mean difference 

between the SGA group and the non-SGA group within the negative attitude stratum was not 

statistically significant (p<0.149). The mean difference between the SGA group and the non-

SGA group among those whose family has neutral attitude is marginally significant 

(p<0.063). These results suggest effect modification. For the verbal test, a positive family 

attitude about education has a somewhat more positive effect on the average scores of non-

SGA children relative to their similar SGA peers. Whereas, a negative family attitude about 

education has little effect on the mean test score difference between SGA and non-SGA 

children. The interpretation of the marginally significant result for children from families with 

a neutral attitude towards education is less clear.  

 

  

Figure 2. Combinations of SGA status and family's attitude towards education in relation to verbal test score. 

Results from linear regression analysis (n=9598). 

 

The effects of different combinations of SGA/non-SGA status and the family’s attitude 

towards education on spatial test scores are presented in Figure 3. The overall pattern is 

similar to the verbal test analysis. Clearly, lower average spatial test scores are found among 

those whose family has a negative attitude towards education while higher average scores are 
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found among those whose family has a positive attitude towards education. Among subjects 

whose family has a positive attitude towards education, there is almost no gap between the 

SGA group and the non-SGA group (p<0.723). The mean score differences between the SGA 

group and the non-SGA group are both statistically significant within the neutral attitude 

stratum (p<0.001) and within the negative attitude stratum (p<0.011). These results suggest 

effect modification. For the spatial test, a less-positive (negative or neutral) family attitude 

towards education has evidently more negative effect on the average scores of SGA children 

compared with their similar non-SGA peers. Whereas, a positive family attitude about 

education has little effect on the mean test score difference between SGA and non-SGA 

children.  

 

 

Figure 3. Combinations of SGA status and family's attitude towards education in relation to spatial test score. 

Results from linear regression analysis (n=9598). 

 

The effects of different combinations of SGA/non-SGA status and the family’s attitude 

towards education on numerical test scores are presented in Figure 4. SGA individuals with a 

negative family attitude towards education perform the worst on the numerical test. These 

individuals on average, score almost a point lower than similar non-SGA children whose 

family has a negative attitude. This difference is marginally significant (p<0.054). Children 

who come from a family with a positive attitude towards education have higher average 

scores. Within this stratum, the difference between the SGA group and the non-SGA group is 
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also marginally significant (p<0.092). Within the neutral attitude stratum, SGA children 

score, on average, 1.2 points lower than the non-SGA children (p<0.019). These results 

suggest effect modification. For the numerical test, a neutral family attitude towards education 

has a somewhat larger effect on the relationship between SGA status and numerical test 

scores. However, it is less clear if this is the case for children from families with a positive or 

negative attitude towards education.  

 

 

Figure 4. Combinations of SGA status and family's attitude towards education in relation to numerical test score. 

Results from linear regression analysis (n=9598). 

 

SGA status and educational attainment  

 

Table 4 displays the results from the analysis of association between SGA status and 

attainment of higher education. The bivariate model shows the unadjusted odds ratio for 

attaining higher education for the SGA and the LGA groups when compared with the AGA 

group. SGA individuals have a lower probability (OR=0.77) of attaining higher education 

compared to AGA peers while LGA individuals have slightly greater chance (OR=1.13) 

compared to the reference group. These differences are statistically significant. Model 1, 2 

and 3 are mutually exclusive. There is almost no change for odds ratios in Model 1 after 

adjustment for prenatal factors and family structure. This suggests that there is no 

confounding effect of these variables on the relationship between SGA status and educational 
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attainment. Net of socio-economic factors and the family’s attitude towards education (Model 

2), the strength of the association for the SGA group was reduced to 0.87 such that the lower 

probability of attaining higher education was no longer statistically significant. After 

adjustment for the 3 mental test scores only (Model 3), the effect for the SGA group 

attenuates to larger extent (OR=0.93) and is statistically non-significant, implying that 

cognitive performance in early adolescence explains the effect of being born SGA on the 

attainment of higher education in later life to larger extent. In the full model (Model 4), the 

association between SGA status and attainment of higher education net of all controlled 

variables becomes very weak (OR=0.95 for the SGA group and OR=1.04 for the LGA group) 

and these result are not statistically significant.  

 

Table 4. Logistic regression models of association between SGA status and attainment of 

higher education (n= 9598). 

p <0.001=***, p<0.01=**, p<0.05=* 

Model 1 adjusted for maternal age at birth of the child, the type of pregnancy, number of siblings and marital 

status of the mother. Model 2 adjusted for father’s income level, parental social class and the family’s attitude 

towards education. Model 3 adjusted for the 3 mental test scores. Model 4 adjusted for all covariates described 

above. 

 

Discussion 

 

Summary of findings 

 

The findings presented in this study suggest long-term adverse effects of being born SGA on 

cognitive performance at age 13 in terms of verbal, spatial and numerical test scores. SGA 

infants have significantly lower mean scores in the 3 mental tests compared with their AGA 

peers net of relevant covariates. However, the differences are small. The family’s attitude 

towards education modifies the effect of being born SGA on cognitive performance. In 

 Unadjusted Model 1 Model 2 Model 3 Model 4 

 OR (95%CI) OR (95%CI) OR(95%CI) OR (95%CI) OR (95%CI) 

SGA status      

  AGA (ref.)      

  SGA 0.77** 

(0.66,0.90) 

0.77** 

(0.66,0.90) 

0.87 

(0.73,1.02) 

0.93 

(0.79,1.10) 

0.95 

(0.79,1.13) 

  LGA 1.13* 

(1.00,1.26) 

1.12 

(0.99,1.26) 

1.10 

(0.97,1.24) 

1.03 

(0.91,1.17) 

1.04 

(0.91,1.18) 
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addition, SGA individuals have a statistically significant lower probability of attaining higher 

education before adjustment for the important covariates. However, this difference is no 

longer statistically significant after adjustment for parental socio-economic status, the 

family’s attitude towards education, or the verbal, spatial and numerical test scores at age 13. 

Both SGA and LGA infants have a similar chance to attain higher education as the AGA 

infants net of relevant covariates.  

 

Being born SGA and cognitive outcomes 

 

The findings in this study suggest that being born SGA is significantly related to poorer 

cognitive performance. Since the difference of mean scores between the SGA group and the 

AGA group is quite small for each test (less than 1 point) after adjustment for all relevant 

covariates. It is reasonable to assume the mean scores for SGA infants are within the normal 

range even though we cannot be certain about the threshold between normal and abnormal 

performance. This finding is similar to those in several previous studies (Grantham-

McGregor, 1998; Pryor et al., 1995; Silva, McGee, & Williams, 1984; Sommerfelt et al., 

2000). The findings are also highly accordant with an earlier study by Paz et al (2001). This 

study assessed the relationship between SGA status and IQ test scores among full-term 

children at the age of 17, using the same SGA cut-off point that is used in the present study. 

Their results demonstrated significantly different but slightly lower IQ scores for SGA 

children than those of AGA children. But the mean IQ scores for SGA children were still 

within the normal range. This study and the present study have both suggested that the impact 

of being born SGA on cognitive performance is statistically significant but limited in size. 

O’Keeffe, O’Callaghan, Williams, Najman, and Bor (2003) also found small differences in 

cognitive abilities between the SGA group and the non-SGA group at the age of 14. But the 

difference was statistically insignificant. A Dutch study used a higher cut-off point (-1SD, 

below 16
th

 percentile) for the SGA group in order to increase the statistical power (Tanis et 

al., 2015). Thus a larger number of individuals were classified as SGA. But they could have 

also been less impaired in terms of intrauterine growth. Unsurprisingly, few differences 

between SGA children and non-SGA children were found. One feasible explanation for these 

conflicting results was the use of a different definition of SGA. The 10
th

 percentile is probably 

still too high to uncover the adverse cognitive effects of being born SGA. Additionally it is 

not clear if the disadvantageous effects of SGA on cognitive outcomes persist into early 
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adulthood. The prior literature has not reached a consensus on this issue (Lundgren, 

Cnattingius, Jonsson, & Tuvemo, 2004; Løhaugen et al., 2013; Martyn et al., 1996).  

 

An earlier Swedish study used the data based on the Stockholm Metropolitan study (the first 

part of the SBC) to examine the long-term effects of low birthweight on school marks and IQ 

test scores at the age of 13 (Lagerström, Bremme, Eneroth, & Janson, 1991). The IQ test 

scores were identical to the 3 mental test scores in the present study. Their results showed that 

low birthweight children scored significantly lower on both school marks and IQ tests when 

compared with normal birthweight children. The differences between low birthweight 

children and normal birthweight children in terms of the 3 IQ test scores were statistically 

significant but small. This result is concordant with the results of the current study. They 

conducted a further analysis among preterm low birthweight children by dividing them into a 

SGA group and an AGA group. However the differences in school marks and IQ test scores 

between the SGA group and the AGA group failed to reach statistical significance. This result 

was inconsistent with the current study. This was probably attributable to the very small 

number of SGA individuals (18 SGA children of 226 low birthweight preterm children). In 

another case-control study by the same authors, they assessed the difference on WISC-test 

scores (full scale, verbal and performance scores) between SGA and AGA children at the age 

of 10 who were born between 1979 and 1981 (Lagerström et al., 1990). The results were 

again similar to those of the current study, suggesting poorer intellectual performance for 

SGA children, although these results were also based on a very small number of SGA 

children. 

 

Shah and Kingdom (2011) pointed to an additional risk effect of preterm birth on cognitive 

outcomes among SGA children. Findings from Chaudhari, Otiv, Chitale, Pandit, and Hoge 

(2004) and Lagerström et al. (1990) supported this argument. They found that preterm SGA 

children demonstrated the poorest cognitive ability when compared with the full-term SGA 

and the non-SGA children. On the contrary, the Dutch study mentioned earlier found no 

significant difference on cognitive outcomes between moderately preterm SGA children and 

full-term SGA children (Tanis et al., 2015). This result was similar to the finding by Bassan et 

al. (2011). The latter study showed both preterm and full-term SGA children had the similar 

cognitive outcomes at the ages of 2 and 6. 
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It is should be pointed out that studies of LGA children show advantages in cognitive 

performance when compared with AGA children, although the LGA cohort is not the focus of 

the present study. Researchers tend to pay their attention to the adverse effects of poor birth 

characteristics, but recently some studies have changed their focus to the effects of birth 

characteristics within the normal range (Goodman et al., 2010).  For example, a study in an 

American setting showed that birthweight was linearly and positively associated with IQ in 

childhood among those within the normal birthweight range (Matte, Bresnahan, Begg, & 

Susser, 2001). In addition, Shenkin, Starr, and Deary (2004) found that higher birthweight 

even extending across the normal range was indeed a protective factor for cognitive and 

educational outcomes. This result is similar with our finding that heavier babies are more 

likely to have better cognitive performance in early adolescence. A recent study examining 

the long-term effect of LGA on cognitive function, however, indicated that they found no 

difference on cognitive outcomes between LGA children and their AGA peers (Paulson, 

Mehta, Sokol, & Chauhan, 2014). These inconsistent findings suggest more attention should 

be given to heavier babies in future studies. 

 

Family’s attitude towards education as a moderator  

 

The study has tested the hypothesis that the family’s attitude about education modifies the 

relationship between SGA status and cognitive performance. The results show that the 

family’s attitude towards education modifies the effect of SGA status on the verbal, spatial 

and numerical test scores. Other similar modification analyses have been undertaken in the 

literature. However, they have reported inconsistent results. Gisselmann et al. (2011) showed 

that the adverse impact of preterm birth on language performance was only confined to 

children who had parents with a low education background. Their finding is contrary to the 

result of the current study for verbal performance. The possible explanation might be that we 

used a different measure (family’s attitude towards education) as a moderator since parental 

educational level is not a perfect proxy for what the parents are actually doing with the child 

“educationally”. O’Keeffe et al. (2003) assessed the association between SGA status and 

learning difficulties by stratifying the level of social risk. They used several social factors 

including average family income, maternal education, maternal age, and single parent status 

to evaluate the social risk level. Their results showed that the relative risk of learning 

difficulties for the SGA group compared with the non-SGA group was similar within each 
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stratum of the social risk level, which suggested no evident effect modification of social risk 

level on the main relationship.  

 

Most other prior studies assessed parental education or social class as the potential moderator. 

We did not use social class or other socio-economic indictors as the moderator due to some 

contextual reasons. The more egalitarian society at that time in Sweden is likely to have made 

it more difficult to detect such differences between the social strata. In contrast, this study has 

used the family’s attitude towards education because we believe that it more directly reflects 

the extent to which parents invest in their children’s education. This is likely to vary within 

income, education, and occupational groups. It is also likely to be closely related to parental 

educational background. Unfortunately the data on parental education in the original database 

is problematic due to a larger number of external non-responses. We assume that parents who 

had a more positive attitude towards education were more likely to provide a more stimulating 

environment for their children’s cognitive development. In turn, they may have invested more 

time and resources to facilitate the educational success of their children (Garcy, 2014). 

 

Additionally, the effect modification of this study has showed that for each test, the mean 

score difference between SGA and non-SGA children within the category in which the 

information on the family attitude towards education is missing is not statistically significant. 

These results have further proven that the missing information is random and would not affect 

the results.  

  

Being born SGA and educational outcomes  

 

In this study, there is no statistically significant association between SGA status and 

educational attainment in adulthood net of relevant covariates. SGA individuals have a similar 

probability of attaining higher education when compared with their AGA peers. This result is 

accordant with the finding of a previous Norwegian research (Odberg & Elgen, 2011). It 

suggested no statistically significant difference in college attendance between low birthweight 

group and normal birthweight group. Paz et al. (2001) also found no difference in academic 

achievement between the SGA and AGA individuals at the age of 17, although the significant 

difference on cognitive outcomes was observed. However, more studies have shown the 

opposite findings. For example, a regional cohort study reported that full-term SGA 

adolescents and young adults were significantly more likely to be late entry into secondary 
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school and fail to take or pass the baccalaureate examination compared with the full term 

AGA group (Larroque, Bertrais, Czernichow, & Léger, 2001). Shah and Kingdom (2011) 

further ascertained this conclusion again. It was concluded that both preterm and full-term 

SGA infants were at an increased risk of having lower academic achievement compared with 

non-SGA infants.  

 

It should be noted that in this study, the unadjusted model of the relationship between SGA 

status and educational attainment clearly shows that SGA individuals have a lower probability 

(OR=0.77, CI 0.66-0.90) of attaining higher education. However, the difference is no longer 

statistically significant after adjustment for parental socio-economic status and the family 

attitude towards education or adjustment for 3 mental tests. These results suggest that the 

statistically significant difference in the unadjusted log odds is explained completely by the 

verbal, spatial and numerical tests and entirely by the parental socio-economic status and the 

family attitude towards education. In addition, the family’s attitude towards education 

moderates the effect of being born SGA on these test scores. Hence, the family’s attitude 

towards education seems to be the most important explanatory variable regarding the 

difference in the higher educational attainment between these groups of children. This 

suggests that the unadjusted difference in log odds of attaining higher education is likely to be 

nullified by what parents actually do with their children, such as reading to/with their 

children.  

 

Many previous studies have given attention to other educational outcomes including school 

marks or learning problems at school age and shown adverse outcomes for SGA/low 

birthweight children (Chaudhari et al., 2004; Islam, 2015; O’Keeffe et al., 2003). The earlier 

Swedish study which used the same database as this study assessed the school marks at the 

age of 13 (Lagerström, Bremme, Eneroth, & Janson, 1991). However, this study did not use 

school marks as a scholastic outcome because only an average mark for all subjects was 

available in the original dataset. Use of an average mark for all subjects is not meaningful 

from an educational perspective and tells us little about cognitive effects in specific content 

areas.  

 

Strengths and limitations 
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A primary strength of the present study is that it is based on a population cohort. The study 

sample is representative and could be generalizable to the Swedish population including all 

the individuals born in Stockholm in 1953. This large and representative sample is beneficial 

for addressing unbiased estimation of relationship with a higher external validity. The second 

strength of our study is the adjustment for a large number of covariates which decreases the 

risk of spurious relationships and decreases bias in the estimate of the association.  

 

There are several limitations for the present study. The cognitive performance was assessed 

by verbal, spatial and numerical tests. Since the information on the scoring criteria about these 

3 mental tests is not available, it is difficult to evaluate the magnitude of the test score effect 

sizes. In other words, it is hard to interpret the importance of the score difference with respect 

to cognitive performance. As was mentioned in the introduction, the reasons for being born 

SGA could be either constitutionally small due to genetic factors or pathologically small due 

to IUGR. The definition of SGA used in this study cannot make a distinction between these 2 

conditions. Infants born SGA because of genetic factors, for example small but healthy babies 

delivered by small mothers, tend to perform as normal infants on many outcomes. The 

pathological smallness due to IUGR is the cases of most interest. The difference in terms of 

cognitive outcomes between SGA-IUGR and SGA-non IUGR was confirmed by a Norwegian 

study (Løhaugen et al., 2013). This study suggested that the adverse effect of SGA is only 

confined to SGA-IUGR children, whereas those SGA infants without IUGR exhibit no greater 

risk on lower IQ test scores. Since the estimation of intrauterine growth is based on repeated 

ultrasound measures, many studies have used SGA as a proxy of IUGR due to the technical 

limit. But an underestimation of the adverse effect of IUGR could occur if SGA is simply 

used as a substitute for IUGR. 

 

Conclusion 

 

This study suggests that being born SGA has small but statistically significant independent 

effect on cognitive performance in early adolescence. The family’s attitude towards education 

moderates the effect of SGA status on cognitive performance. Regarding to the attainment of 

higher education, the result shows that the unadjusted difference in the log odds of attaining 

higher education is entirely explained by the mental test scores and completely by the parental 

socio-economic position and attitude towards education. The limited influence of being born 

SGA on cognitive and educational outcomes has to some extent confirmed the point of view 
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that  the impact of poor birth characteristics decreases for children with the increasing age, on 

the other hand social and environmental factors seem to be more important (Strauss & Dietz, 

1998). The results of this study emphasize the importance of parent’s attitude on their child’s 

education for cognitive development of SGA children. Parents should be encouraged to 

improve the quality of cognitive stimulation through interaction with their children, especially 

for children born SGA. 
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Appendices 

Sensitivity analysis, missing information on the independent variables 

 

Table 1. Multiple linear regression (full model) of the association between SGA status and 

mental test scores based on the sample excluding subjects with missing information on any 

independent variables (n=6798). 

 Verbal test score Spatial test score Numerical test score 

 B (95% CI) B (95% CI) B (95% CI) 

AGA group    

SGA group -0.68** (-1.15, -0.18) -0.84** (-1.44, -0.24) -0.96** (-1.60,-0.31) 

LGA group 0.37* (0.01, 0.73) 0.71** (0.26, 1.15) 0.13 (-0.35, 0.60) 

 

Table 2. Multiple linear regression (full model) of the association between SGA status and 

mental test scores based on the sample including subjects with missing information on any 

independent variables (n=9598). 

 Verbal test score Spatial test score Numerical test score 

 B (95% CI) B (95% CI) B (95% CI) 

AGA group    

SGA group -0.56** (-1.00, -0.16) -0.67** (-1.17, -0.18) -0.80** (-1.33,-0.28) 

LGA group 0.32* (0.01, 0.63) 0.67** (0.29, 1.05) 0.17 (-0.24, 0.57) 

 

 

 

  


