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ABSTRACT
Objectives: Small for gestational age (SGA) is
considered as an indicator of intrauterine growth
restriction, and multiple maternal and newborn
characteristics have been identified as risk factors for
SGA. This knowledge is mainly based on measures of
average association (ie, OR) that quantify differences in
average risk between exposed and unexposed groups.
Nevertheless, average associations do not assess the
discriminatory accuracy of the risk factors (ie, its ability
to discriminate the babies who will develop SGA from
those that will not). Therefore, applying measures of
discriminatory accuracy rather than measures of
association only, our study revisits known risk factors
of SGA and discusses their role from a public health
perspective.
Design: Cross-sectional study. We measured maternal
(ie, smoking, hypertension, age, marital status,
education) and delivery (ie, sex, gestational age, birth
order) characteristics and performed logistic regression
models to estimate both ORs and measures of
discriminatory accuracy, like the area under the receiver
operating characteristic curve (AU-ROC) and the net
reclassification improvement.
Setting: Data were obtained from the Swedish Medical
Birth Registry.
Participants: Our sample included 731 989 babies
born during 1987–1993.
Results: We replicated the expected associations. For
instance, smoking (OR=2.57), having had a previous
SGA baby (OR=5.48) and hypertension (OR=4.02)
were strongly associated with SGA. However, they
show a very small discriminatory accuracy (AU-
ROC≈0.5). The discriminatory accuracy increased, but
remained unsatisfactorily low (AU-ROC=0.6), when
including all variables studied in the same model.
Conclusions: Traditional risk factors for SGA alone or
in combination have a low accuracy for discriminating
babies with SGA from those without SGA. A proper
understanding of these findings is of fundamental
relevance to address future research and to design
policymaking recommendations in a more
informed way.

INTRODUCTION
Small for gestational age (SGA) is commonly
identified as a proxy for intrauterine growth
restriction (IUGR).1 This disorder has been
associated with neonatal mortality and mor-
bidities2 as well as with major medical pro-
blems across the life course, such as a higher
risk of neurodevelopmental impairments,3 4

autism,5 schizophrenia,6 impaired cognitive
function,7 coeliac disease in boys8 and
reduced bone mass during early infancy,9 as
well as Barrett’s oesophagus and oesopha-
gitis10 11 and others.12 13 Therefore, the
identification of maternal and newborn
characteristics (denominated as ‘risk factors’
in the rest of this work) associated with an
increased risk for SGA is of obvious rele-
vance in public health and preventive
medicine.

Strengths and limitations of this study

▪ Our study emphasises the use and interpretation
of measures of discriminatory accuracy (ie, cap-
acity to distinguish between small for gestational
age (SGA) and non-SGA babies) when evaluating
risk factors.

▪ We confirm statistical associations between
maternal and newborn characteristics and risk
for SGA, but we underline that the discriminatory
capacity of all the risk factors studied was
very low.

▪ This low discriminatory capacity suggests that
we know very little about the determinants of
SGA in the population and that more efforts
should be devoted to understand individual het-
erogeneity of effects.

▪ Our finding is of fundamental relevance to
address future research and to design policy-
making recommendations in a more informed
way.
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Two reviews, one from 198714 and the other from
2009,15 pointed out that SGA is associated with a broad
number of genetic, obstetric, demographic and socio-
economic factors as well as maternal morbidities and
toxic exposures before and during pregnancy. However,
the identification of these risk factors has been exclu-
sively based on measures of average association (eg, OR)
but without considering their accuracy for discriminat-
ing babies with, from those without, SGA. Indeed, it is
common practice to use measures of average association
to gauge the ability of a factor to discriminate future
cases of disease.16 For example, it is known that maternal
hypertension during pregnancy gives a 5.5-fold
increased risk of delivering an SGA baby.17 Therefore,
this variable is implicitly used as a predictive test to clas-
sify who will and who will not deliver an SGA baby.
However, in spite of this popular belief, measures of
association alone are inappropriate for this discrimin-
atory purpose insofar as there are different scenarios of
sensitivity/specificity for a given OR.16–23

Although measures of discriminatory accuracy are
extensively applied in other fields of epidemiology like
the identification of new biomarkers for cardiovascular
diseases,18–21 these measures are still unusual in public
health and epidemiology.22 In fact, as far as we know,
they have never been explicitly used to formally revisit
established maternal and newborn risk factors for SGA.
With this background our study aims to revisit the role

of current risk factors for SGA in public health. We do it
in two steps. First, using measures of average association,
we aim to replicate previous findings and identify mater-
nal and newborn risk factors for SGA. Second, we apply
measures of discriminatory accuracy to assess the ability
of those risk factors (alone or in combination) to dis-
criminate babies with, from those without, SGA in the
whole population and in different subgroups according
to gestational age.

DATA AND METHODS
Study design, setting and participants
This is a cross-sectional study based on a population-
based register. We identified all the 811 599 babies born
alive and recorded at the Swedish Medical Birth Registry
(MBR) between 1 January 1987 and 31 December 1993.
The MBR collects detailed and standardised information
on nearly all pregnancies in Sweden culminating in
delivery.23 24 Using a unique personal identification
number, the Swedish authorities (National Board of
Health and Welfare and Statistics Sweden) linked the
MBR to the Register of the Total Population and the
Swedish 1990 population census and created a research
database. This database was delivered to us without the
personal identification numbers to protect the anonym-
ity of the participants.
For the purpose of our study, we selected singletons,

because it is known that multiple births (n=19 167) have
a different intrauterine growth pattern from gestational

weeks 28–30.25 We excluded 13 539 babies born with sig-
nificant congenital anomalies according to the MBR.
Following previously established criteria,26 we also
excluded babies with inconsistent information on birth
weight according to gestational age (n=9195) and babies
weighing less than 500 g (n=51) as well as 15 observa-
tions with missing information on maternal age and
birth order. The final sample contained 768 059 babies.
Thereafter, we stratified the population by gestational
age into preterm (<37 gestational weeks), term (≥37
and <42 gestational weeks) and post-term babies (≥42
gestational weeks; figure 1).

Variables
The outcome variable combined birth weight and gesta-
tional age to dichotomise as being SGA or not, and
using the last category as the reference. This variable
was available at the MBR, where it is routinely calculated
following standard intrauterine growth curves.27 Infants
were defined as SGA if they weighed less than 2 SDs
below the expected birth weight for gestational age and
gender, according to a Swedish intrauterine growth
curve.28

In our analyses we included child and maternal
characteristics that are known to be associated with low
birthweight and SGA.
As child characteristics we used sex14 29 and birth

order30 31 classified into three categories (ie, firstborn,
second, and third or more). Among maternal character-
istics we included birth interval between newborns,14 28 cate-
gorised into <1, 1–2, >2 years, ‘only child’ (ie, when we
know that the newborns have previous siblings but we do
not have their information in our setting) and first child
(ie, when we know the newborn has no previous sib-
lings); whether the mother has a previous child with
SGA32 categorised into yes, no, ‘only child’ and first
child; education,33 34 categorised into low (primary edu-
cation or less), middle (secondary school) and high
education (graduate and PhD); marital status,35 36 cate-
gorised into single, widowed, or divorced, and married
or cohabiting; and maternal age at delivery,37–39 cate-
gorised into four groups (ie, <20, 20–24, 25–34 and
>35 years old), as well as information on smoking
habits,40–43 categorised into non-smoking, light smoking
(fewer than 9 cigarettes per day), heavy smoking (more
than 9 cigarettes per day), and missing information.
Finally, we included information about the presence of
hypertension during pregnancy (yes vs no),15 17 and maternal
origin, classified as being born in Sweden or not.44

STATISTICAL METHODS
To examine the average association between, on the one
hand, the categorical variables mentioned above, and on
the other, being SGA, we simply calculated ORs and
95% CIs obtained from logistic regression analyses.
The discriminatory accuracy of a risk factor is better

appraised by measuring the true positive fraction (TPF)
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and the false positive fraction (FPF). For a dichotomous
risk factor, the TPF expresses the probability of being
exposed to the risk factor when the SGA occurs (ie,
cases that are exposed to the risk factor), and the FPF
indicates the probability of being exposed to the risk
factor when the SGA does not occur (ie, controls
exposed to the risk factor). In the ideal scenario the
TPF should be 1 and the FPF should be 0, even if a
lower TPF or a higher FPF. For instance, if the identifica-
tion of the risk factors conveys pharmacological treat-
ment, we should try to keep the FPF as low as possible.
For the evaluation of the discriminatory accuracy of

the combination of risk factors within a risk score (ie,
predicted probability) we obtained the receiver operating
characteristic (ROC) curve. The ROC curve is constructed
by plotting the TPF against the FPF for different risk
score thresholds.16 45 46 A traditional measure of dis-
criminatory accuracy is the area under the ROC curve
(AU-ROC) or C statistic.16 45 47–49 The AU-ROC extends
from 0.5 to 1.0. An AU-ROC=0.5 means that the discrim-
inatory accuracy of the candidate risk factor is similar to
that obtained by flipping a coin. That is, a risk factor
with an AU-ROC=0.5 is useless. An AU-ROC=1.0 means
complete accuracy.
In a series of simple logistic regression models we iden-

tified the single variables with the highest discriminatory
accuracy. Using this information, thereafter, we per-
formed two models. Model A only with the two variables
with the higher discriminatory accuracy (ie, smoking and
birth order) and model B which adds the rest of covari-
ates to the initial model A. We ran this second model in
order to assess the change of discriminatory accuracy
when adding the rest of information to a simpler model.
We appraised the incremental value of a model by the dif-
ference between AU-ROCs. Owing to a problem of collin-
earity, Stata automatically deleted the two categories in
common (ie, ‘only child’ and first child) shared by the
variables of birth interval and previous child with SGA,

keeping them only in the former. All models were strati-
fied by gestational age (ie, preterm, term and post-term)
because it has been suggested that SGA at term and at
preterm may have been driven by a different aetiology.50

We included post-term to complete the classification.
We performed the analyses in the whole population,

stratifying by gestational age (ie, preterm, term and post-
term). We performed the statistical analyses using STATA
V.12.0 (College Station, StataCorp LP, Texas, USA) and
SPSS V.21.0 (Armonk, IBM Corp, New York, USA).

RESULTS
Table 1 shows the maternal and individual characteristics
of the population of newborns by the SGA status. We see
that SGA is much more prevalent among preterm babies
(10.14%) than among term (1.87%) and post-term
(3.03%) babies. Females show higher prevalence of SGA
than males among preterm, and slightly lower preva-
lence among those born post-term. Regardless of gesta-
tional age, firstborns had a higher risk of SGA than their
siblings. SGA is more prevalent among children who
had a previous sibling during the same year, except
among those babies born at preterm, but this may be
due to the larger amount of missing information about
the previous siblings (11%). Mothers who had a previ-
ous child with SGA are more likely to have a current
SGA baby regardless of gestational age.
SGA was more frequent in mothers younger than

20 years of age, among divorced, widowed and single
women, and among those who were born outside
Sweden and those with low educational achievement. In
babies born with SGA, hypertension was more frequent
among preterm than among post-term babies.
Table 2 indicates that the risk for being SGA was

similar in boys and girls. However, as expected, not
being a firstborn reduced the risk of being SGA. With
respect to maternal characteristics, mothers younger

Figure 1 Flow diagram showing

the individuals excluded from the

study population.
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than 20 years and those 35 years and older had a higher
risk of delivering an SGA baby than 20–24-year-old
mothers. Mothers who had a previous child during the
same year have a higher risk of having a SGA baby as
well as those who had a previous child with SGA.
Mothers who experienced hypertension during preg-
nancy had a higher risk of delivering SGA babies.
Compared with non-smoker mothers, light and heavy
smoker mothers had a higher risk of delivering an SGA
baby. Divorced and widowed mothers as well as single

mothers were more likely to deliver an SGA baby than
married and cohabiting mothers. Mothers with primary
and secondary education had a higher risk of delivering
SGA babies than mothers with a university degree.
Similarly, mothers who were not born in Sweden were at
higher risk of delivering an SGA baby.
Figure 2 shows the values for the AU-ROC of the vari-

ables included in table 2. Overall, their discriminatory
accuracy was rather low. Newborn babies had the lower
discriminatory accuracy. Having a SGA child and

Table 1 Prevalence of SGA in the whole population of babies and in strata of gestational age in Sweden 1987–1993

SGA stratified by gestational age

SGA Term Preterm Post-term

768 059 (2.3%) 676 961 (1.9%) 36 080 (10.1%) 55 018 (3.0%)

N Per cent N Per cent N Per cent N Per cent

Newborn babies

Male 393 538 2.33 343 549 1.86 19 635 9.20 30 354 3.24

Female 374 521 2.34 333 412 1.87 16 445 11.26 24 664 2.78

Birth order

First 325 326 3.30 279 426 2.66 18 796 11.67 27 104 4.10

Second 268 998 1.63 242 276 1.31 9 774 8.79 16 948 2.01

≥Third 173 735 1.63 155 259 1.30 7,510 8.07 10 866 1.97

Birth intervals

<1 year 4557 3.55 3841 2.76 415 6.99 301 8.97

1–2 years 77 922 2.00 69 232 1.61 3585 8.23 5105 2.86

>2 years 147 354 1.97 130 979 1.57 5970 9.45 10 405 2.72

‘Only child’ 341 906 2.77 298 264 2.20 17 789 11.63 25 853 3.29

First child 196 320 1.97 174 645 1.60 8321 8.45 13 354 2.70

Previous child SGA

Yes 3371 9.58 2913 7.69 259 30.12 196 9.18

No 226 462 1.90 201 139 1.52 9711 8.34 15 615 2.80

‘Only child’ 341 906 2.77 298 264 2.20 17 789 11.63 25 853 3.29

First child 196 320 1.97 174 645 1.60 8321 8.45 13 354 2.70

Maternal age

<20 40 735 3.06 35 367 2.49 2485 9.93 2883 4.30

20–24 156 736 2.39 138 232 1.91 7842 9.82 10 662 3.24

25–34 481 689 2.19 425 980 1.76 20 796 9.59 34 913 2.89

>35 88 899 2.69 77 382 2.08 4957 12.04 6 560 2.90

Hypertension 3166 8.69 2648 5.44 383 32.11 135 5.93

Smoking

Non-smoker 541 962 1.77 479 851 1.37 22 603 9.14 39 508 2.41

Light smoker 109 799 3.62 76 327 3.05 5884 11.86 7588 4.40

Heavy smoker 67 454 4.41 58 790 3.79 4234 11.76 4430 5.64

Missing 48 844 2.90 41 993 2.12 3359 11.79 3492 3.78

Marital status

Married or cohabiting 385 173 2.02 342 330 1.61 16,50 9.36 26 343 2.69

Divorced or widowed 27 151 3.03 23 475 2.43 1706 10.67 1970 3.55

Single 355 735 2.63 311 156 2.10 17 874 10.81 26 705 3.33

Maternal origin

Born in Sweden 663 043 2.25 584 683 1.79 30 745 10.19 47 615 2.79

Not born in Sweden 95 393 2.83 84 022 2.30 4749 10.07 6 622 4.27

Missing 9623 2.67 8256 3.02 586 8.02 781 7.30

Maternal education

University 181 083 1.95 160 102 1.52 7367 10.26 13 614 2.57

Secondary 400 363 2.22 353 813 1.77 18 457 9.96 28 093 2.74

Primary 140 186 3.21 122 919 2.31 7631 10.78 9636 3.84

Missing 46 427 2.34 40 127 2.67 2625 9.22 3675 4.82

SGA, small for gestational age.
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hypertension, despite the risk factors being most
strongly associated with SGA (OR 5.48 and 4.02, respect-
ively), led to a very low discriminatory accuracy
(AU-ROC 0.54 and 0.51). Birth order and smoking were
the variables with the highest accuracy (AU-ROC 0.59).
Figure 3 shows the AU-ROC for SGA of different risk

factors after stratification by preterm, term and post-
term. As in the non-stratified analysis, the discriminatory

accuracy of the variables was low. Smoking at term
showed the highest discrimination (AU-ROC 0.60).
Figure 4 shows that the discriminatory accuracy of the

general model A, including only birth order and
smoking, was slightly improved ( just 0.05 proportion
units), when all variables were included in the full
model B. Among preterm babies model B improved the
discriminatory accuracy of the model by 0.1 proportion

Table 2 Measures of association between offspring and maternal characteristics, and being small for gestational age (SGA),

in the whole population of babies and in strata of gestational age in Sweden 1987–1993

SGA SGA term SGA preterm SGA post-term

Unadjusted model Unadjusted model Unadjusted model Unadjusted model

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Newborn babies

Male (ref)

Female 1.01 (0.98 1.04) 1.01 (0.97 1.04) 0.86 (0.84 0.88) 0.85 (0.77 0.94)

Birth order

First (ref)

Second 0.48 (0.47 0.50) 0.49 (0.47 0.51) 0.60 (0.59 0.62) 0.48 (0.42 0.54)

≥Third 0.49 (0.47 0.51) 0.48 (0.46 0.50) 0.72 (0.70 0.74) 0.47 (0.41 0.54)

Gestational age 0.80 (0.79 0.81) 0.87 (0.85 0.88) 0.86 (0.85 0.87) 1.77 (1.61 1.95)

Birth intervals

1–2 years (ref)

<1 year 1.81 (1.53 2.13) 1.74 (1.42 2.12) 0.84 (0.56 1.24) 3.35 (2.18 5.13)

>2 years 0.98 (0.92 1.05) 0.97 (0.90 1.05) 1.16 (1.00 1.35) 0.95 (0.77 1.16)

‘Only child’ 1.40 (1.32 1.05) 1.37 (1.29 1.46) 1.47 (1.29 1.67) 1.16 (0.97 1.38)

First child 0.99 (0.93 1.05) 0.99 (0.93 1.07) 1.03 (0.89 1.19) 0.94 (0.78 1.15)

Previous child SGA

No (ref)

Yes 5.48 (4.87 6.17) 5.45 (4.74 6.28) 4.75 (3.61 6.24) 3.95 (2.49 6.42)

‘Only child’ 1.47 (1.42 1.53) 1.46 (1.40 1.52) 1.45 (1.33 1.58) 1.18 (1.05 1.33)

First child 1.04 (0.99 1.09) 1.06 (1.01 1.12) 1.01 (0.91 1.13) 0.97 (0.84 1.11)

Maternal age

25–34 (ref)

<20 1.41 (1.33 1.49) 1.42 (1.33 1.53) 1.44 (1.38 1.50) 1.51 (1.25 1.83)

20–24 1.09 (1.05 1.13) 1.09 (1.04 1.14) 1.16 (1.13 1.19) 1.12 (0.99 1.27)

>35 1.23 (1.18 1.29) 1.18 (1.12 1.25) 1.31 (1.27 1.36) 1.00 (0.86 1.17)

Hypertension

No (ref) vs yes 4.02 (3.55 4.55) 3.05 (2.58 3.61) 2.73 (2.45 3.04) 2.02 (0.99 4.13)

Smoking

Non-smoker (ref)

Light smoker 2.08 (2.01 2.16) 2.27 (2.17 2.37) 1.30 (1.26 1.33) 1.86 (1.64 2.12)

Heavy smoker 2.56 (2.46 2.67) 2.84 (2.70 2.98) 1.53 (1.48 1.58) 2.42 (2.10 2.79)

Missing 1.66 (1.57 1.76) 1.56 (1.45 1.67) 1.70 (1.64 1.76) 1.59 (1.32 1.92)

Marital status

Married or cohabiting (ref)

Divorced or widowed 1.52 (1.41 1.63) 1.52 (1.40 1.66) 1.51 (1.43 1.59) 1.33 (1.04 1.71)

Single 1.31 (1.27 1.35) 1.31 (1.27 1.36) 1.19 (1.17 1.22) 1.25 (1.13 1.38)

Maternal origin

Born in Sweden (ref)

Not born in Sweden 1.27 (1.21 1.32) 1.30 (1.23 1.36) 1.07 (1.04 1.11) 1.56 (1.37 1.77)

Missing 1.66 (1.49 1.84) 1.71 (1.51 1.94) 1.35 (1.24 1.47) 2.74 (2.08 3.61)

Maternal education

University (ref)

Secondary 1.14 (1.10 1.19) 1.17 (1.12 1.23) 1.13 (1.10 1.17) 1.07 (0.94 1.22)

Primary 1.49 (1.42 1.56) 1.53 (1.45 1.62) 1.35 (1.31 1.39) 1.51 (1.30 1.76)

Missing 1.67 (1.57 1.77) 1.78 (1.66 1.92) 1.42 (1.36 1.49) 1.92 (1.59 2.31)

Values are ORs and (95% CI). Crude models.
SGA, small for gestational age.
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units, while this improvement was much lower among
SGA term and SGA post-term babies.

DISCUSSIONS
We were able to verify a number of recognised maternal
and newborn risk factors for SGA. For instance, we
found that smoking (OR 2.56) and especially having
had a previous SGA baby (OR 5.48) and maternal hyper-
tension (OR 4.02) were ‘strongly’ associated with being
SGA. However, even if the magnitude of the ORs was of
a size normally considered as undoubtedly relevant in
epidemiology, none of those traditional risk factors for
SGA provided enough accuracy to discriminate babies
with SGA from other babies. In fact, the AU-ROC for
having had a previous SGA child and maternal hyperten-
sion was slightly higher than 0.5, which means that the
accuracy of this variable for discriminating babies with
SGA from those without SGA was rather similar to that
obtained by flipping a coin. That is, we need to recog-
nise that, although on average, mothers with hyperten-
sion were four times more likely to have an SGA baby,
many mothers with hypertension delivered babies
without SGA, and many SGA babies were born to
mothers without hypertension. Our findings, therefore,
seriously question the utility of maternal hypertension
during pregnancy for planning strategies of prevention
against SGA. This statement, however, does not mean
that hypertension during pregnancy is irrelevant to
understanding the origin of SGA, but rather that we
need to determine who among hypertensive mothers is
actually prone to deliver an SGA baby.

There is a tacit but fallacious belief that the discrimin-
atory accuracy of a risk factor is high when it is sup-
ported by a ‘strong’ association (eg, an OR of 4, as in
the case of maternal hypertension). However, for an
association to be an accurate instrument for discrimin-
ation, it must be of a magnitude rarely identified in epi-
demiological studies.16 51–53 Following our example, a
low discriminatory accuracy only indicates that any
attempt of intervention based on the existence of the
risk factor will be inefficient and even inappropriate,
because health professionals will unnecessarily treat
many mothers. The decision to start an intervention
should seriously take into account the existence of
important (physical or emotional) side effects in the
false-positive women. That is, it is always important to
consider the principle of primum non nocere.22

Compared with the other variables studied, birth
order and smoking presented a higher discriminatory
capacity. However, their discriminatory accuracy was still
very low in absolute terms (AU-ROC≈0.59). Also, com-
bining all the variables in the same model did not sub-
stantially increase the discriminatory accuracy
(AU-ROC=0.69). In other words, our results indicate
that we actually do not know so much about what deter-
mines being SGA.
The existence of a low discriminatory accuracy sug-

gests that around the population average risk there is
considerable individual heterogeneity. Therefore, a
logical consequence should be to identify which women
are most susceptible to the risk factors. Hence, we
explored the discriminatory accuracy of the chosen risk
factors in different strata of gestational age at birth. We

Figure 2 Area under the receiver operating characteristic curve to compare the discriminatory accuracy of different models to

distinguish between small for gestational age (SGA) and non-SGA babies.
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found that the combination of all variables in the same
model had a minor improvement for discriminatory
accuracy among those born at term or preterm as well
as post-term.
Our finding suggests the existence of individual het-

erogeneity of responses to some specific variables, so the
discriminatory accuracy depended, for instance, on
whether the baby was preterm, term or post-term. In
fact, smoking, birth order, maternal origin and marital
status had a lower discriminatory capacity among
preterm than among babies at term. On the contrary,
newborn babies and hypertension had a higher discrim-
inatory accuracy among preterm babies than among
term babies. In the same way, newborn babies and
maternal origin had a lower discriminatory capacity
among term than among post-term babies, but for
smoking and having had a previous SGA baby we found
the opposite relationship. The variation of the magni-
tude of the discriminatory accuracy by gestational age at
birth expresses the existence of individual heterogeneity.

In addition, the definition of SGA may also actively
contribute to reducing the discriminatory accuracy of
the traditional risk factors since discrimination depends
on the outcome and exposure. Thus, low discrimination
can result from the fact that SGA fails to distinguish
between pathological and constitutionally small babies,
that is, to properly capture the health dimension that it
is supposed to be a proxy for IUGR.1 In order to
address this shortcoming, we stratified SGA by gesta-
tional age as this has been identified as a good strategy
to distinguish between these two.50 However, we do not
find support for this approach since we found a lower
discriminatory accuracy among preterm SGA babies
(presumably pathologically small) than among term
SGA babies. In this regard, our findings show awareness
of the caveats pointed out by previous studies on the use
of SGA as a proxy for IUGR,1 and encourage further
research aiming to better capture IUGR.
Our findings have important research and policy-

making implications. A possible reason for the low

Figure 3 Area under the receiver operating characteristic curve for specific maternal and newborn characteristics.
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discriminatory accuracy of many average associations is
that average effects are a mixture of individual level
effects and therefore mix inter-individual heterogeneity
(ie, some individuals respond intensively to the expos-
ure, while others are resilient or might even respond in
the opposite direction). The approach based on discrim-
inatory accuracy understands average effects as an idea-
lised mean value that does not necessarily represent the
heterogeneity of individual effects.22 Some scholars
prefer to conceive individual outcome as the expression
of a stochastic phenomenon that is best estimated by the
average risk using a probabilistic approach.54 Our under-
standing instead is that individual outcome reflects the
interindividual heterogeneity of responses that can be
potentially determined; lack of knowledge could be
amended by a better understanding of individual
responses.55 See elsewhere for a better explanation of

these ideas.22 56 57 From this perspective, reducing
exposure to a risk factor would only be effective when
acting on the susceptible, but not on the resilient, indivi-
duals. For instance, we need to better capture babies
who suffer from IUGR, since, so far, we have been incap-
able of distinguishing between babies who are constitu-
tionally small from those who are pathologically growth
restricted.1 By stratifying between preterm, term, and
post-term, we might be able to better approach the
underlying heterogeneity.
From the policymaking perspective, our findings

suggest that hitherto there has not been enough knowl-
edge to identify any specific risk factor or combination
of them that could discriminate with accuracy children
with and without the SGA status. Our findings support
policymaking oriented to lifestyle modification, as
according to the principle of primum non nocere;22 they

Figure 4 Area under the receiver operating characteristic curve for specific maternal and newborn characteristics after stratifying

by gestational age (preterm, term and post-term).
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have mostly positive consequences, even for ‘false-
positive’ mothers. For instance, persuading women to
quit smoking reduces the risk of SGA in some babies,
but it improves general well-being in everyone. However,
other risk factors with low discriminatory accuracy that
lead to pharmacological treatment or screening might
result in unnecessary side effects and cost. In the long
run, an uncritical use of variables with low discrimin-
atory accuracy may hinder the identification of pertinent
risk factors and susceptible individuals and damage the
scientific credibility of modern epidemiology.22 56 57

Our conclusions are based on classical measures of
discriminatory accuracy such as the AU-ROC curve.
These measures have been criticised as insensitive to
small changes in predicted individual risk.58 Some
authors propose more specific measures of reclassifica-
tion, like the net reclassification improvement (NRI),
and the integrated discrimination improvement
(IDI).59–62 We applied NRI and IDI in a sensitivity ana-
lysis (results not shown in tables). For example, using
NRI, we observed a reclassification of 30%. However, this
figure does not add substantial information to our
results, since NRI (as well as IDI) refers to the misclassi-
fication occurring all along the risk scale, instead of cap-
turing the misclassification which takes place around the
fixed threshold. Furthermore, the new NRI and IDI
measures have also been criticised,63 and some
authors64 have explicitly advised against their use in
common epidemiological practice because, unlike IDI
and NRI, traditional measures of discrimination like the
AU-ROC curve have the advantage that prognostic per-
formance cannot be manipulated.64 Therefore, we pre-
ferred to quantify discriminatory accuracy by analysing
ROC curves and AU-ROCs.
Our analyses are based on a national medical registry

covering almost the entire population of residents in
Sweden. Nearly all births are registered in the MBR,
because giving birth at home is very unusual in Sweden.
In addition, estimation of SGA is routinely calculated at
the MBR following standard intrauterine growth
curves.27 However, our study also has a number of limita-
tions. Because of lack of data, we could not assess many
other variables identified in the literature as ‘risk
factors’, such as genetic or nutritional factors.15 65 In
spite of the quality of the MBR, the information regard-
ing smoking is based on a self-reported questionnaire
(anamnesis) administered by the mid-wife at the first
antenatal visit (ie, between 10 and 12 gestational weeks),
which to some extent might bias the result by including
misclassification of exposure.66 However, a study con-
ducted in Sweden comparing self-reported nicotine
exposure and plasma levels of cotinine in early and late
pregnancy concluded that self-reported smoking infor-
mation had acceptable validity.67

Unfortunately, we could not identify those mothers
who suffered from preeclampsia, for which the discrim-
inatory accuracy concerning SGA may be higher than
for hypertension in our model. Further analysis on this

aspect is required. Another limitation of our study is that
we calculated the discriminatory accuracy in the same
sample used for constructing the predicted model. This
procedure, however, might overestimate the discrimin-
atory accuracy of the models, so the low discriminatory
accuracy found may be an underestimation.
Since our study has been carried out with data from

1987 to 1993, we performed a sensitivity analysis to
check possible differences in current years (2000–2010)
but the results remain the same. Given the consistence
of the results, we preferred to maintain the results for
years 1987–1993 to use a more accurate outcome since
the definition of SGA is based on standard curves esti-
mated for Sweden with data from 1985 to 1989.29

Moreover, the period we cover is of relevance to our
study since most of the risk factors which are discussed
in our paper were mainly identified in that period and,
in the case of Sweden, with the data we used.
In conclusion, applying measures of discriminatory

accuracy rather than measures of association only, our
study revisits known risk factors of SGA and discusses their
role from a public health perspective. We found that
neither models including simple variables nor models
including several variables at the same time have a good
discriminatory accuracy to discriminate babies with SGA
from those without SGA. This finding is of fundamental
relevance to address future research and to design policy-
making recommendations in a more informed way.
As noted elsewhere,56 57 there is need of a new epi-

demiological approach that systematically provides infor-
mation on the discriminatory accuracy and
interindividual heterogeneity of effects and does not
rely only on average measures of association.68 In this
line, new statistical methods like logic regression seem
promising.69 70 A fundamental change is needed in the
way traditional risk factors are currently interpreted in
public health epidemiology. If the discriminatory accuracy
of most classical risk factors is very low, what happens
with the vast majority of recommendations given so far
in epidemiology and public health? Are health profes-
sionals misleading the community by raising the alarm
about risks that may be harmless for most individuals?
What are the ethical repercussions of using risk factors
with low discriminatory accuracy? Are there problems of
inefficiency, medicalisation and stigmatisation? We
believe that these questions have a high significance for
both the community and the future of public health
research.
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