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ABSTRACT

I[ntrauterine growth retardation, or being small for gestational
age (SGA), has a life-long impact on a fetus’s potential for
development and survival. The incidence and relative risk of
short stature in children born SGA were studied using a Swedish
healthy full-term (37-43 wk of gestation) singleton birth cohort
(n = 3650) from Goéteborg, followed from birth to final height at
about 18 y of age. Most infants, defined as SGA on the basis of
a birth length less than —2 standard deviation scores (SDS)
below the mean (SGA,  infants), showed catch-up growth during
the first 6 mo after birth, and by 1 y only 13.4% of the SGA
infants were below —2 SDS in height. This percentage decreased
further during childhood to reach a value of 7.9% at 18 y of age.
Although most SGA, infants have catch-up growth in early life,
those who do not constitute 21% of short, prepubertal children.
At 18 y of age, 22% of the total short population were short at
birth (<—2 SDS), whereas when birth weight was used to define
SGA, only 14% of the 18-y-old short population were light at
birth. SGA, infants were found to have a 7-fold higher risk for
short final stature (relative risk, 7.1; 95% confidence interval,

Intrauterine growth retardation, or being SGA, has a life-
long impact on a fetus’s potential for development and survival
(for references, see Refs. 1 and 2). SGA infants have a higher
than average risk of morbidity and mortality from many neo-
natal disorders (3-5). Long-term consequences of SGA have
also been described, such as an increased incidence of hyper-
tension, cardiovascular and cerebrovascular disease, and non-
insulin-dependent diabetes mellitus in adulthood (6-9). In
infants born SGA, there may be persistent short stature in
childhood and adulthood (10-16), although most SGA infants
(70-90%) show some degree of catch-up growth during the
first years of life (17-19). Detailed information about the
relative long-term risk of short stature in SGA infants is not
available, nor is it known what proportion of the total short
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3.7-13.6) in comparison with the non-SGA; group. In a multiple
linear regression analysis, both birth length and mid-parental
height were found to be significantly related to the magnitude of
catch-up growth from birth to 18 y of age. Neither the length of
gestation nor birth weight showed such a relationship. It is
concluded that the vast majority (>86%) of “healthy” full-term
singleton SGA| infants will achieve catch-up in height during the
first 6-12 mo of life, and that this is almost independent of
whether birth weight or birth length is used to define SGA. Of the |
remaining, non-catch-up SGA infants, about 50% remain short in ‘
final height, and thus constitute a high risk group for persistent
short stature. (Pediatr Res 38: 733-739, 1995)

Abbreviations
PHYV, peak height velocity
SDS, standard deviation scores
SGA, small for gestational age
SGAw, SGA infants with birth weight below —2 SDS
SGA,, SGA infants with birth length below —2 SDS

population is represented by SGA infants, as there have been
no previous large population-based studies.

The aims of the present study, using a Swedish healthy
full-term birth cohort (n = 3650) followed from birth to 18 y
of age, were to describe the postnatal growth pattern for
children defined as SGA by either birth weight or birth length
to establish the relative risk of short stature in children born
SGA, and to correlate the magnitude of postnatal catch-up
growth in SGA infants with other available measures. A pre-
liminary report from this study has been presented previously
(20).

METHODS

Characteristics of the total population. The study popula-
tion was obtained from 5111 children who were in the last
grade of school in 1992 in Géteborg, which has a total popu-
lation of about 0.5 million and an annual birth rate of 4000-
5500 infants. Only 97 girls and 77 boys were unwilling to
participate, and another 222 girls and 227 boys failed to attend
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the investigations in school. Of the remaining cohort (n =
4488), 55.8% were born in Goteborg and another 28.5% in
close proximity to the city. Most of the children were born in
1974 (76.8%) or 1973 (16.7%); 3% were born before 1973 and
3.5% in 1975. Boys and girls were equally represented (Table
1). Due to the unique Swedish school system, we had access to
an almost complete cohort of children and have no reason to
believe that there was any important selection bias in the study
population. In Sweden, more than 98% of children remain
within the educational system at 17-19 y of age, including
those with mild or moderate mental retardation or other devel-
opmental problems.

Data collection. From April to November 1992, the study
team visited all schools in Goéteborg. The team comprised two
school nurses and four specially trained investigators from the
International Pediatric Growth Research Centre. All health
records from birth to the last grade in school were obtained.
They included notes made by doctors and nurses at Child
Health Centres (birth to 6 y) and at schools (7-18 y of age).

At the visit to the schools, all the children were measured
(weight and height) in a standardized way with a calibrated
Harpenden stadiometer. A questionnaire containing sections on
quality of life and previous and present health problems and
pharmacologic treatment was completed by each child. At the
same time as the parents were informed about the study, they
were asked to report their current heights and weights to the
school nurse.

Information from the birth and perinatal period, such as size
at birth, length of gestation, and any health problems were
taken from the Swedish Birth Register at the Swedish National
Board for Health and Welfare (21). Gestational age was as-
sessed by the obstetrician, using the first day of the last
menstrual period in association with other signs. Thus, the

Table 1. Reasons for omitting a child from the present analysis
{more than one reason was present in some children)

Reason for excluding Girtls (n) Boys (n) Total (i)
At birth
Weight/length/gestational 276 253 529
age missing
Multiple birth 32 26 58
Gestation length <37 wk 69 73 142
Gestation length >43 wk 9 9 18
Mother diabetic 0 1 1
Congenital heart disease 0 3 3
CNS haemorrhage 0 1 1
At the interview in school
Cystic fibrosis 1 0 1
Diabetes 3 7 10
Endocrine disorder 8 2 10
Gluten intolerance 7 2 9
Heart disorder 17 11 29
Intestinal disorder 18 7 25
Kidney disorder 22 4 26
Liver disorder 2 2 4
Malignancy 3 1 4
Seizure 12 11 23
Total sample size 2246 2242 4482
Sample remaining for 1801 1849 3650

analysis
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gestational age of the study group was estimated in the same
way as for the reference population (22, 23).

Measuring technique. Both weight and length at birth were
measured by trained midwives using exact measuring equip-
ment for length measurements. Both weight and length were
recorded repeatedly during the neonatal hospital study, espe-
cially in prematurely born and SGA babies. Birth size measur-
ing errors were identified and corrected, and such values were
also considered in the newborn record reported to the Swedish
Birth Register, which were made at admission from the hos-
pital. Thereafter, the children’s weight and length from birth to
2 y of age were measured. Height was measured as supine
length until the child could stand up by itself, about 2 y of age.
For supine length the child lay fully extended, with heels in
contact with a baseboard, and then a movable headboard was
brought down on the head. After 2 y of age the child’s height
was measured by a stadiometer attached to the wall. All height
measurements were made to the last completed 0.5 cm. Stand-
ing height from about 2 to 6 y of age was monitored by skilled
personnel at the Child Health Monitoring Centres, and from 7
y by trained school nurses. The measurements taken were
routinely plotted in the individual child’s growth chart, and
extreme values due to, for instance, measuring errors were
identified and corrected. The measuring precision at these
centers is high, reducing the potential drawback of multicenter
measuring. The accuracy of the height measuring scale in each
school of our study was also tested, and in 70% of the schools
the difference between the results obtained by the two measur-
ing devices was less than 2 mm.

Selection of study group. The main reason for excluded a
child was a lack of information at birth (Table 1), which was
the case in 529 children (11.8%). Almost half (n = 242) of
these children were not born in Sweden. Another 303 children
did not fulfil the inclusion criteria for reasons such as multiple
births, prematurity, and/or growth-related disorders (Table 1).
Allergic disease (including asthma) was reported in 696 chil-
dren, but did not exclude children from the analysis. The
number of healthy full-term children remaining with growth
data both at birth and at the last grade in school was 3650 (1801
girls and 1849 boys). The distribution of gestational age was
8.0, 16.6, 36.8, 21.4, 11.9, and 2.3% for wk 37, 38, 39, 40, 41,
42, and 43, respectively.

Growth data. All growth data were computerized and qual-
ity control analysis was performed. For the study group, 52 506
height measurements were available from birth to the last
examination. There was an average of 14.4 measurements per
child; 95% had 4, 85% had 10, 77% had 13, and 32% had 16
height measurements or more.

Age at PHV and final height. A growth chart was produced
for each child, and the age at pubertal PHV was defined by
visual inspection of the height velocity curve. Such a velocity
curve could be constructed for 91.4% of the children; that is,
when four or more height measurements were available during
the pubertal period. All the children who had gained less than
0.5 cm during the past year and who had reached the age at
PHYV at least 2 y before the last examination were considered
to have reached final height. Using this definition, 99.2% of the
children had reached final height at the time the study team
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visited the schools (at about 18 y of age), leaving 3 of the girls
and 25 of the boys who had not yet reached their final height.
All of the children, however, had reached the age at PHV at
least 1.5 y before the last examination, and have only limited
growth left. Eight of the girls reported that they had not yet
reached menarche.

Ethical approval. The study was approved by the Ethical
Committee of the Medical Faculty, University of Gdoteborg,
and by the Swedish Data Authorities. Written informed con-
sent was obtained from the parents and/or those children who
were above 16 y of age.

Data analysis. Length and weight at birth were both con-
verted into SDS using the current Swedish reference values for
size at birth and adjusting for gender and length of gestation
(22). Postnatal body measurements were also expressed in
SDS, with the total population of this study serving as the
reference population, as the average height for both sexes was
0.2-0.4 SDS above the growth reference values currently used
in Sweden (23). These reference values have been reported
elsewhere (20). Chronologic age was corrected for the length
of gestation; that is, for the number of weeks above or below
the usual 40 wk of gestation.

For the total sample (n = 3650), the mean height of the
fathers was 179.8 cm (SD = 6.8 cm) and of the mothers 166.6
cm (SD = 6.1 cm); mean mid-parental height was 173.2 cm
(SD = 5.1 cm). These values were used to compute the
parental and mid-parental height SDS, as there has also been a
change over time in these figures (24).

Growth data were used from children at birth and at the
following approximate ages: 0.5, 1, 2, 5, and 8 y and at the
examination in school, that is at about 18 y of age. Only one
examination at each age was included for each child and
always the one nearest to the ages specified above (allowing for
a maximum of 3-mo difference in early life and 1 y thereafter).
For the last examination, the child had to be over 17 y of age.

The age at PHV was converted into SDS using values from
the current Swedish growth standard (23), as the design of that
study allowed for a more accurate estimation of the age at PHV
than the current one; in the previous study, height was mea-
sured annually.

Two definitions were used to identify SGA infants; these
were a birth weight below —2 SDS (SGAy) and a birth length
below —2 SDS (SGA;). The relative risk of short stature in
later life was computed as the ratio between the percentage of
infants who were short at a certain age in the SGA group and
in the non-SGA group.

Statistical evaluation. The magpitude of postnatal catch-up
growth in SGA, infants was correlated with other measures,
such as size at birth, mid-parental height, length of gestation,
and sex. Statistical analyses also included a ¢ test with an
expected value of zero, and the Kruskal-Wallis k-sample test
for independent observations. Only two-tailed tests were used.

RESULTS

Incidence of SGA at birth. The incidence (%) of SGA
infants, when using —2 SDS as the cut-off point for either
weight or length, is shown in Figure 1. The majority (94.6%)
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Figure 1. Size at birth adjusted for length of gestation and gender (24). The
number and percentage of the infants Iying above or below —2 SDS for weight
and length are included. Characteristics for each of the four groups (I-1V) are
further presented in Table 2 and in Figure 2.

of the infants had a value for both birth weight and length
above —2 SDS (group I). The remaining infants fell into three
groups according to their size at birth: 1.6% were of normal
length and low weight (group II); 1.5% were short and of a low
weight (group III); and 2.4% were short and of normal weight
(group 1V). SGA infants are usually defined only in terms of
birth weight (i.e. group 1I, disproportionate SGA, and group
IIIL, proportionate SGA). This definition would not include the
short newborn infants of normal weight (group IV), who form
the majority (87/141, 61.7%) of the short newborn population.

Postnatal growth for different SGA groups. The pattern of
postnatal growth will be described for each of the four indi-
vidual groups and for combinations of different groups. Table
2 gives the mean and SD values for length of gestation, size at
birth, parental height, and age at PHV for each of the four
groups. The mean gestational age and the age at PHV were not
significantly different between the four groups (Kruskal-Wallis
k-sample test, p > 0.05), but there were significant differences
for mid-parental height SDS, birth weight and birth length (p
<< 0.0001). The lowest values for mid-parental height SDS and
birth length were in group IIL

Figure 2 depicts the mean length/height SDS values for the
four groups at birth and at 0.5, 1, 2, 5, 8, and 18 y of age,
together with the mean parental height SDS; the exact values
are given in Table 3. The postnatal pattern for height was
similar in the two groups that were short at birth (groups III and
IV representing SGA, ); there was an initial rapid and equiva-
lent catch-up growth with a mean increase in SDS of 1.2 and
1.3, respectively. The mean final height SDS values were —1.0
(group III) and —0.8 (group IV). In comparison, infants in
group II were taller at birth with a higher mean birth length
(—1.3 SDS), showed less catch-up growth in early postnatal
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Table 2. Clinical characteristics of the four birth size groups and combinations of the four groups

Age at peak
Gestational Father’s height ~ Mother’s height Midparental height velocity
length (wk)  Birth weight (kg) Birth length (cm) (SDS) (SDS) height (SDS) (SDS)
Birth size groups* n Mean SD »n Mean SD »n Mean SD n Mean SD »n Mean SD »n Mean SD n Mean SD
Total (I-IV) 3650 40.1 1.3 3650 3.5 05 3650 505 2.1 2844 0.0 1.0 2926 0.0 1.0 2806 0.0 1.0 3337 -02 1.1
IH> -2W> -2 3452 401 13 3452 3.6 04 3452 507 19 2695 00 1.0 2768 0.0 1.0 2657 0.0 1.0 3156 —02 1.1
IH>-2W< =2 57 399 14 57 25 02 57 481 12 47 —-02 10 48 —-05 09 47 -04 10 54 -03 12
MH< -2W< -2 54 405 14 54 25 02 54 459 14 41 —-05 09 44 -07 09 41 -08 1.0 47 —-04 12
IVH<-2W>-2 87 400 1.2 87 29 03 87 462 11 61 —-02 09 66 —-04 10 61 —-03 09 80 -03 1.0
I+ 1V 3539 40.1 1.3 3539 35 05 3539 506 2.0 2756 0.0 1.0 2834 0.0 1.0 2718 00 1.0 3236 -02 1.1
II + III (SGAw) 111 402 14 111 25 02 111 470 17 8 -03 1.0 92 -06 09 8 —-06 10 101 -03 12
I+ 11 3509 40.1 1.3 3509 3.5 0.5 3509 506 19 2742 0.0 1.0 2816 0.0 1.0 2704 00 1.0 3210 —-02 1.1
III + IV (SGAL) 141 402 13 141 28 03 141 461 12 102 -03 09 110 —-05 1.0 102 -05 1.0 127 -04 1.1

Groups IT + III represent the SGAy, population and IIT + IV the SGA; population. Kruskal-Wallis k-sample test showed no significant difference (p > 0.05)
between the four groups concerning gestational length and age at PHV, but (p < 0.0001) for mid-parental height, birth weight and birth length.

* For definitions, see Figure 1.
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Figure 2. Mean length/height SDS at different ages for the four birth size groups (I-IV) as defined in Figure 1. The 95% confidence limit of the mean (mean

*+ 1.96 * SEM) is included together with mean mid-parental height.

life (SDS increase of 0.6) and reached a mean final height
(—0.4 SDS) slightly below the expected one of 0 SDS.

Relative risk of short stature. The incidence of short stature
at the specified ages for the SGA and non-SGA groups is given
in Table 4 for the SGA_ group and in Table 5 for the SGA,
group. For instance, at 2 y of age, 13.4% of the SGA, infants
are still short, in comparison with 9.9% of the SGA,, infants.
For both definitions, most of the catch-up growth was achieved
during the first 6 mo of life, and the incidence of short stature
in non-SGA children was between 6 and 10%. The main
finding was that 7.9% of the SGA| infants at birth had a final
height more than 2 SDS below the mean, in comparison with
6.4% of the SGA, infants () test for the two percentages, p
> 0.05).

The relative risk and 95% confidence limit of being short at
each of the specified ages for SGA children, in comparison

with non-SGA children, are also given in Tables 4 and 5.
Slightly higher relative risk values, although nonsignificant (p
> 0.05), were obtained when birth length, rather than birth
weight, was used to define SGA (Tables 4 and 5 and Fig. 3). At
18 y of age, there was a 7.1 times greater risk of SGA
individuals being short in comparison with non-SGA individ-
uals (using birth weight to define SGA gave a relative risk of
5.2

Table 4 gives the percentage of all short children at the
specified ages who were SGA,. From 2 y of age and above
they represent 27% of all short children and 22% at 18 y of age.
These figures were lower, though not significantly (x* test, p >
0.05) when birth weight was used to define SGA (Table 5).

In comparison, using the 10% centile to define SGA gives a
relative risk value for attaining a final height below —2 SDS of
7.8 for SGA; infants and 4.0 for SGA infants.
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Table 3. Length/height SDS at different ages for the four birth size groups and combinations of the four groups

Length/height SDS

At birth At0S5y Atly At2y At5Sy At 8y At 18y
Birth size groups* n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD »n Mean SD
Total (I-IV) 3650 —0.1 1.1 3054 0.0 1.0 2990 00 1.0 2878 00 1.0 3094 00 1.0 3370 0.0 1.0 3635 00 09
IH>-2W>-2 3452 0.0 1.0 28388 0.1 10 2825 0.1 10 2718 00 1.0 2925 0.1 1.0 3189 0.1 1.0 3439 0.0 0.9
NH>-2W<-2 57 —-13 04 48 ~07 09 48 —-04 11 48 —03 1.0 49 -04 09 54 —-04 09 57 —04 09
MH< -2W<-2 54 -27 06 44 —-15 09 43 -11 09 43 -10 09 44 -09 08 47 -10 09 53 -10 08
IVH<-2W>-2 87 -24 04 74 -10 09 74 -11 09 69 -10 09 76 —-09 10 80 -08 1.0 86 -08 09
I+ 1V 3539 0.0 1.0 2962 0.1 1.0 2899 0.0 1.0 2787 0.0 1.0 3001 0.0 1.0 3269 00 1.0 3525 0.0 09
II + I (SGAy) 111 -20 09 92 -10 10 91 -07 1.0 91 -07 1.0 93 -0.6 09 101 -07 1.0 110 -0.7 09
[+1I 3509 0.0 1.0 2936 0.1 1.0 2873 0.1 1.0 2766 0.0 1.0 2974 0.0 1.0 3243 0.0 1.0 349 0.0 0.9
I + IV (SGA,) 141 -25 05 118 -12 09 117 -11 09 112 -1.0 09 120 —-0.9 0.9 127 -09 10 139 -09 08
Groups 11 + III represent the SGA,, population and III + IV the SGA, population.
* For definitions, see Figure 1.
Table 4. The incidence (in %) of shortness at different ages in SGA, infants and in non-SGA, infants
Birth length =< 2 SDS (III + IV) Birth length = 2 SDS (I + II)
Short = 2
SGA, of all
=
Total number M Total number S RR 95% short
Mean age (y) (n) n % n n % RR CI children %
Birth 140 140 100.00 3515 0 0.00 — — —
0.5 118 20 16.95 2937 45 1.53 11.1 6.8-18.1 308
1 117 16 13.68 2874 42 1.46 9.4 5.4-16.1 276
2 112 15 13.39 2767 40 1.45 9.2 5.3-16.3 273
5 120 10 8.33 2975 42 1.41 59 3.0-11.5 19.2
8 127 13 10.24 3244 49 1.51 6.8 3.8-12.2 21.0
18 139 11 7.91 3497 39 1.12 7.1 3.7-13.6 22.0

The relative risk (RR) for shortness in SGA, in relation to non-SGA, is also given together with the 95% confidence interval (CI). The percent of all short
children represented by the SGA; children is included.

Table 5. The incidence (in %) of shortness at different ages in SGA, infants and in non-SGA,, infants

Birth length < —2 SDS (III + IV)

Birth length > —2 SDS (I + II)

Short < =2

Short < =2

SGAy, of all
Total number & Total number & RR (95% short

Mean age (y) (n) n % n n % RR Ch children (%)
Birth 111 54 48.65 3539 87 2.46 19.8 14.9-26.2 38.3
0.5 92 14 15.22 2965 51 1.72 8.8 5.1-15.4 21.5
1 91 9 9.89 2902 49 1.69 59 3.0-11.6 15.5
2 91 9 9.89 2790 46 1.65 6.0 3.0-11.9 16.4
5 93 4 430 3004 48 1.60 2.7 1.0-7.3 7.7
8 101 8 7.92 3272 54 1.65 48 24-9.8 12.9
18 110 a 6.36 3528 43 1.22 5.2 24-11.3 14.0

The relative risk (RR) for shortness in SGAy, in relation to non-SGA, is also given together with the 95% confidence interval (CI). The percent of all short

children represented by the SGAyy, children is included.

Predictors for catch-up growth. The catch-up growth in
groups III and IV (SGA,) was analysed in relation to birth
length SDS, length of gestation, sex, birth weight SDS, and
mid-parental height SDS. The increases in height SDS from
birth to 6 mo of age and from birth to 18 y of age were used
as the dependent variables in a linear regression analysis and
the other five measures as mentioned above the independent
variables. The gain in height SDS from birth to 6 mo of age
was significantly related to birth length SDS (p < 0.05) and
length of gestation (p < 0.01), but not to the sex of the child,
mid-parental height SDS or birth weight SDS (p > 0.05). The

multiple R* value was 0.15 (p < 0.02). Mid-parental height
SDS (p < 0.0001) and birth length SDS (p < 0.0001) were the
two measures significantly related to the gain in height SDS
from birth to 18 y of age, giving a multiple R? of 0.53 (p <
0.0001).

DISCUSSION

To our knowledge, this is the first large longitudinal popu-
lation-based study to describe the incidence of short stature
from birth to adult height in individuals born SGA and the



738

Relative risk of being short (<-2SDS)

40 — - ]

120 | 444
. SGA/MON-SGA

94 82 /

59

4,0

SGA/mon-SGA
2,0

5.8 T4
60 /59
48 L
27
1 2 5 8 18

Age (years)

0.0

Figure 3. The relative risk of being short at different ages for SGA infants in
relation to non-SGA infants. The ratio is given for the two SGA definitions
used, i.e. a birth length below —2 SDS (SGA,) or a birth weight below —2
SDS (SGA,).

proportion of the total short population that is represented by
SGA infants. The results also provide new information on
postnatal catch-up growth, such as its timing and correlation
with other variables.

Study population. The results are based on “healthy” full-
term singleton Swedish children, born mainly in Géteborg and
its surroundings. The reason for not including premature SGA
children or children with certain disorders was to exclude other
possible external influences on growth. Due to the unique
Swedish educational system we have had access to an almost
complete cohort of children of about 18 y of age. We have no
reason to believe that there is any important selection bias in
the study population. Of the total target population of 5111,
87.7% were included in the study; a small proportion of the
remainder were unwilling to participate, whereas others failed
to attend the investigation in school. It has not been possible to
compare the background characteristics of the nonparticipating
children with those participating in the study, owing to the
regulations of the Swedish Data Authority. There is no reason
to believe, however, that the relatively low dropout rate had a
significant influence on the major findings presented, because
virtually all Swedish children still belong to the “ordinary”
educational system at 17-19 y of age. Out of the study popu-
lation (n = 4488), 18.7% did not fulfill the inclusion criteria for
the present study; 6.8% were excluded for medical reasons and
6.8% for multiple births, prematurity and/or growth-related
disorders. Data at birth was missing in 11.9% of the children,
and almost half of these were not born in Sweden. It was
concluded, therefore, that the children used in the analyses
were representative of healthy full-term singleton Swedish-
born children.

The fluctuations in sample size over time, due to height
measurements not being available for all children at all ages,
may be the reason for some of the fluctuations in the incidence,
relative risk, and the mean SDS values recorded. Values were,
however, available for all children at birth and for almost all at
17-19 y of age, when the vast majority had fulfilled the criteria
for final height; these ages were the most important in the
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present study. Also measuring errors could have caused such
fluctuations, but this cannot be of any major importance in the
present study. Since 1971 measurements are taken routinely in
Sweden from birth to the last grade in school using standard-
ized equipments and measuring techniques. All values should
have been plotted in a growth chart followed by the inspection
(and action) of a physician. All computerized charts in the
present study were inspected by the study team, and a few
extreme growth patterns were then identified. They were most
frequently related to recording/punching errors of the date at
examination.

Postnatal growth for different SGA groups. SGA infants are
usually defined in terms of birth weight alone, including both
disproportionate and proportionate SGAy,. Using this defini-
tion, infants in groups II and IIT (Fig. 1) would together form
the SGA population, which would not include the short new-
born infants of normal weight (group IV). Omission of group
IV would, however, have a major influence on the results,
especially when the outcome is the postnatal gain in height, as
we found that the majority (61.7%) of the short newborn
population belonged to group IV. This is illustrated by the
catch-up pattern for height, which was different in the dispro-
portionate and proportionate SGA, groups (Fig. 2), but similar
in the two groups that were short at birth (normal or subnormal
weight).

In defining SGA infants, the choice of reference values is
important. As heights have increased in Sweden over the last
decades, we used for birth (23) and, postnatally, our updated
growth reference values based on the healthy full-term children
included in the present work (21). These updated growth
reference values should be valid for the current newborn,
childhood, and adult Swedish populations.

It is difficult to compare the results of this study with those
of other similar studies, as there are differences in definition of
the study population. Previous studies have commonly been
hospital-based and thus may have included an increased num-
ber of risk pregnancies. Differences in obstetric and perinatal
handling (4) may also have an impact. Another source of
difference is that different definitions of SGA have been used;
it is more usual to define SGA in terms of birth weight than of
birth length. Different cutoff levels have also been employed,
such as —2 SDS, the 3rd or 10th centile, or 2500 g (26). One
study population will therefore not necessarily be similar to
another study population. The year and the country in which
the study was undertaken may also contribute to differences in
the results. Also, the secular trend of increases in height over
generations will affect growth reference values and cutoff
points (26).

A continuous scale would certainly be more appropriate than
using a certain cut-off point, but we feel that the data at least
initially should be presented in the clinically traditional way in
terms of a cutoff point. We have chosen to use —2 SDS as
cutoff point, as this is currently used in the definition of
shortness. Using for example, the 10th centile would have
increased the SGA population approximately 4-fold, resulting
in a decreased sensitivity in defining shortness in older chil-
dren.



POSTNATAL GROWTH IN SGA INFANTS

Relative risk of short stature. It is known that postnatal
catch-up growth in SGA infants occurs mainly during the first
year of life (17). In the present study, most infants showed
catch-up growth during the first 6 mo, and by 1 y of age only
13.4% of the SGA infants were below —2 SDS in height. This
figure decreased further during childhood to reach a value of
7.9% at 18 y of age, indicating an ongoing, slow catch-up
growth. Similar incidence figures were obtained when SGA
was defined in terms of birth weight; for instance, at 18 y the
incidence was 6.4%. It can be concluded that the majority
(>86%) of healthy full-term singleton SGA infants will
catch-up in height during the first 612 mo of life and that this
is almost independent of whether birth weight or birth length is
used in defining SGA. Of the remaining SGA infants, about
half will remain short, thus constituting a high risk population
for persistent short stature.

The early rapid catch-up growth pattern described here is
consistent with the results of other studies, as is the incidence
of short stature in childhood (17), but previously there has been
little or no information on final adult height in SGA infants. At
18 y of age, 22% of our short total population were short at
birth, although the figures were lower when using birth weight
to define SGA (e.g. 14% at 18 y of age).

Although most SGA infants have catch-up growth in early
life, those who do not constitutes a significant proportion of the
short population of both children and adults. Insults in early
life may thus have life-long consequences, such as persistent
short stature, although it should be remembered that some
infants have short parents and therefore have a genetic predis-
position to be short. In the present study, SGA infants had a
7-fold higher risk of short stature in adulthood (relative risk of
7.1) in comparison with the non-SGA group. Interestingly, a
similar 7-fold increased risk has been reported for hyperten-
sion, cardiovascular and cerebrovascular disease, and non-
insulin-dependent diabetes mellitus in adults who were born
SGA, although the SGA definitions used were slightly different
(6-9). It seems reasonable, therefore, to follow growth in SGA
infants for at least the first 2 y of life, and where little or no
catch-up growth occurs to undertake investigations to rule out
treatable conditions.

Predictors for catch-up growth. Both birth length and mid-
parental height were significantly correlated with the magni-
tude of catch-up growth between birth and 18 y of age. Neither
the length of gestation nor birth weight, however, showed such
a relationship. Other studies have demonstrated that birth
weight adjusted for birth length is related to the pattern of
postnatal catch-up growth, but this could not be confirmed in
the present study when comparing the three SGA groups (I, 11,
and III) (11, 18).

It can be concluded that the majority (>86%) of healthy
full-term singleton SGA infants will exhibit a catch-up in
height during the first 6—12 mo of life and that this is almost
independent of whether birth weight or birth length is used to
define SGA. Of the remaining SGA infants, about half will be
short in final height, thus constituting a high-risk population for
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persistent short stature, equivalent to 22% of the short popu-
lation.
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