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Intrauterine growth retardation is asso-
ciated with the development of abnor-
malities in glucose tolerance in

adulthood (1,2). Studies in adults and
children born small for gestational age
(SGA) (3–7) indicate that insulin resis-
tance is the earliest component associated
with low birth weight, irrespective of con-
founding factors, including obesity (8)
and a family history of type 2 diabetes.

In SGA children, the typical central
fat accumulation may actively contribute
to insulin resistance (9). Visceral fat and
fatty liver represent special depots of ec-
topic fat, independently associated with
insulin resistance (10–12). In the liver,
hepatic triglyceride accumulation charac-
terizes nonalcoholic fatty liver disease
(NAFLD), a highly prevalent and poten-
tially progressive condition in adults, now
considered the hepatic expression of the
metabolic syndrome (13). In the pediatric
population, the prevalence of NAFLD is
only 2–3% but increases to 53% in the
presence of obesity (14,15).

We studied the association of low
birth weight with histologically assessed
pediatric NAFLD to test the hypothesis
that intrauterine growth retardation
might be an additional factor responsible
for metabolic liver disease in children via
insulin resistance.

RESEARCH DESIGN AND
METHODS — We studied 90 chil-
dren with NAFLD, consecutively ob-

served in the Liver Unit, Bambino Gesù
Children’s Hospital, Rome, Italy, from
June 2001 to April 2003. Part of this co-
hort group was reported elsewhere (16).
All had a complete anthropometric and
laboratory investigation, including a 2-h
oral glucose tolerance test, within 2
months of a liver biopsy confirming the
diagnosis of NAFLD. To compare BMI
across different ages and sexes, we calcu-
lated the BMI Z score (17). Obesity was
defined as BMI above the 97th percentile
and overweight as BMI from the 85th to
97th percentile. The control group con-
sisted of 90 children pair matched by age
and sex, with normal liver scanning and
liver function tests, selected among 200
consecutive subjects observed in the gen-
eral pediatric department.

All children were born at term (�37
weeks). They were defined SGA or appro-
priate for gestational age when their
weight at birth was, respectively, �10th
and �10th percentile, corrected for ges-
tational age, sex, and the local standard
growth curve (18). The study was ap-
proved by the ethics committee of the
Bambino Gesù Children’s Hospital.

RESULTS — Of 90 NAFLD children,
35 (38.9%) were classified as SGA, com-
pared with 6.7% of control subjects (P �
0.0001). The prevalence of SGA in
NAFLD was also approximately fourfold
higher compared with the average SGA
prevalence of children admitted to our

pediatric department in the last decade
(10%). Obesity and altered glucose regu-
lation (American Diabetes Association
criteria [19]) were more common in
NAFLD patients (Table 1). Insulin resis-
tance (20), assessed by homeostasis
model assessment of insulin resistance
(21) and by the insulin sensitivity index
derived from the oral glucose tolerance
test (22), was very common in children
with NAFLD, independent of obesity.
SGA children with NAFLD had higher
basal glucose and insulin levels and were
more insulin resistant. The family history
of metabolic diseases was not systemati-
cally different between groups, with the
notable exception of type 2 diabetes in
second-degree relatives.

In multivariate regression, SGA was
independently associated with NAFLD
(odds ratio [OR] 7.94 [95% CI 2.71–
23.24]) after correction for age, sex, BMI
Z score, and glucose regulation. Among
children with NAFLD, SGA was signifi-
cantly associated with both homeostasis
model assessment of insulin resistance
(1.75 [1.17–2.62]) and insulin sensitivity
index (0.73 [0.56–0.95] after correction
for age, sex, and BMI Z score, and the
association was maintained after exclu-
sion of type 2 diabetes cases.

The main histological features of
NALFD (steatosis, necro-inflammation,
and fibrosis) were scored according to the
Non-Alcoholic Steatohepatitis (NASH)
Clinical Research Network proposal (23)
and combined into the NAFLD activity
score (NAS) (NAS �5, “NASH”; NAS �2,
“non-NASH”; and NAS 3– 4, “border-
line”). Thirty-six patients (40%) met the
criteria for NASH. After correction for
age, sex, BMI, insulin resistance (both
basal and postload), and the presence of
pre-diabetes/diabetes, the risk of NAS �5
associated with SGA was highly signifi-
cant (OR 3.45 [95% CI 1.20–9.91]). Fi-
brosis was present in 56 cases (62%), but
its presence (1.28 [0.53–3.09]) and sever-
ity (stage 3: 1.61 [0.22–11.96]) was not
associated with SGA.

CONCLUSIONS — The major find-
ing of the study is the association of pedi-
atric NAFLD with intrauterine growth
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retardation independent of and in addi-
tion to insulin resistance. SGA children
with NAFLD represent a subset with a
higher prevalence of both metabolic ab-
normalities and NASH, the most severe
form of liver damage, independently of
age, sex, BMI, and genetic inheritance.

Intrauterine growth has a strong inde-
pendent effect on insulin resistance. The
relative risk of metabolic syndrome in
adulthood increases by 1.72 times for
each tertile decrease in birth weight (24).
Insulin resistance probably appears early
in the postnatal period, during the
catch-up growth period, but the meta-
bolic derangements are initially moderate
(25–27).

At an average age of 11 years, most of
our study’s subjects (80%) were insulin
resistant, despite normal BMI and a very
low prevalence of metabolic abnormali-
ties. Insulin resistance in adipose tissue
develops early during fetal growth restric-
tion (5) and is maintained during the neo-

natal period and adulthood. NAFLD has
been proposed as part of a generalized ab-
normality of the adipose tissue (28)
known as lipotoxicity, leading to fat accu-
mulation in ectopic sites, including mus-
cle and liver, and to an altered pattern of
circulating and intracellular adipokines
(29). This defect might stem from a com-
bination of acquired and genetic factors.
Notably, the family history of type 2 dia-
betes was less common in SGA NAFLD,
suggesting that genetic factors have lower
relevance in the onset of NAFLD in this
cohort, counterbalanced by an adverse in
utero environment favoring the future de-
velopment of abnormal adipose tissue.

SGA was also associated with more
severe disease activity at histology inde-
pendently of age, sex, and insulin resis-
tance. This confirms that factors known to
affect insulin sensitivity may also inde-
pendently contribute to liver disease pro-
gression (30). Insulin-resistant states are
characterized by chronic subclinical in-

flammation, and an imbalance in cyto-
kine activity produced by dysfunctional
fat cells may be the link between meta-
bolic and liver disorders. In conclusion,
intrauterine growth retardation is an im-
portant risk factor for pediatric NAFLD;
careful monitoring of SGA children may
be considered.
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Variables
Control
subjects NAFLD

AGA
NAFLD SGA NAFLD

n 90 90 55 35
Age (years) 11.3 � 3.8 11.7 � 3.2 11.3 � 3.3 12.3 � 3.0
Sex (male/female) 63/27 63/27 37/18 26/9
Birth weight (kg) 3.38 � 0.42 3.12 � 0.66* 3.57 � 0.36 2.41 � 0.29†
Gestational age (weeks) 39.3 � 1.0 39.3 � 1.1 39.1 � 1.2 39.6 � 0.7
BMI (kg/m2) 19.7 � 2.7 26.3 � 3.6‡ 26.5 � 3.6 26.0 � 3.5
BMI Z score 1.14 � 0.38 1.78 � 0.72‡ 1.82 � 0.85 1.73 � 0.43
Obesity 6 (2–13) 44 (34–54)‡ 44 (31–56) 46 (29–60)
NGT/IFG-IGT/diabetes (%) 99/1/0 84/9/7‡ 89/9/2 78/19/3
Family history of diabetes

First degree (%) NA 8 (3–15) 10 (4–20) 3 (1–14)
Second degree (%) NA 21 (13–30) 29 (18–41) 9 (2–20)§

AST (IU/l) 28 � 7 48 � 25‡ 49 � 26 47 � 23
ALT (IU/l) 28 � 5 74 � 61‡ 77 � 60 71 � 63
gGT (IU/l) 22 � 6 26 � 21 26 � 22 26 � 18
Cholesterol (mg/dl) 138 � 28 154 � 34* 148 � 34 164 � 34§
Triglycerides (mg/dl) 79 � 22 95 � 53* 93 � 36 99 � 73
Fasting glucose (mg/dl) 81 � 6 82 � 10 81 � 9 85 � 11§
Fasting insulin (�U/l) 6.7 � 2.3 11.4 � 6.0‡ 10.5 � 5.1 13.5 � 6.7†
HOMA-IR 1.34 � 0.46 2.32 � 1.25‡ 1.99 � 0.98 2.85 � 1.46†
ISI NA 4.42 � 1.98 4.86 � 1.87 3.73 � 1.98†

HOMA-IR �2.6¶ 11 (6–19) 48 (37–54)‡ 38 (25–50) 63 (45–76)§
ISI �6.0¶ NA 73 (63–81) 65 (51–76) 86 (69–93)§

Liver histology
NAS index NA 4.41 � 2.06 4.29 � 2.11 4.60 � 1.99
Fibrosis stage NA 0.74 � 0.73 0.73 � 0.73 0.77 � 0.73

Data are means � SD and percent cases (95% CI) unless otherwise indicated. *P vs. control subjects �0.01; †P vs. NAFLD appropriate for gestational age (AGA)
�0.01; ‡P vs. control subjects �0.001; §P vs. NAFLD AGA �0.05. ¶These cutoffs, representing the upper (homeostasis model assessment of insulin resistance
�HOMA-IR�) and lower (insulin sensitivity index derived from oral glucose load �ISI�) quartiles of a control population, respectively (ref. 20), identify subjects
considered insulin resistant. ALT, alanine aminotransferase; AST, aspartate aminotransferase; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; NGT,
normal glucose tolerance; �GT, �-glutamyl transpeptidase.
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