
Ethnic Differences in the Link Between Insulin
Resistance and Elevated ALT

WHAT’S KNOWN ON THIS SUBJECT: Evaluating for elevations in
alanine aminotransferase (ALT) is a common screening test for the
presence of nonalcoholic fatty liver disease (NAFLD). NAFLD is less
common among non-Hispanic blacks. Better predictors of NAFLD
are needed to identify individuals in most need of screening.

WHAT THIS STUDY ADDS: Relative to other ethnicities, metabolic
syndrome and insulin resistance performed poorly at identifying
non-Hispanic black adolescents with ALT elevations. The presence
of metabolic syndrome may therefore not be an adequate trigger
for NAFLD screening. Triglyceride elevations performed similarly
between groups in identifying ALT elevations.

abstract
BACKGROUND: Nonalcoholic fatty liver disease (NAFLD) exhibits tight links
with insulin resistance (IR) and the metabolic syndrome (MetS), a cluster of
cardiovascular risk factors. Comparedwith non-Hispanic whites, non-Hispanic
black adolescents have more IR but a lower prevalence of NAFLD and MetS.
Our hypothesis was that IR would be a better predictor of alanine
aminotransferase (ALT) elevations than is MetS among non-Hispanic blacks.

METHODS:We analyzed data from 4124 adolescents aged 12 to 19 years
in the 1999 to 2010 NHANES, using unexplained elevations in ALT (.30
U/L) to characterize presumed NAFLD and using a pediatric
adaptation of the Adult Treatment Panel III definition of MetS.

RESULTS: Prevalence of elevated ALT varied by race/ethnicity (Hispanics
13.7%, non-Hispanic white 8.6%, non-Hispanic blacks 5.4%, P , .0001).
Among non-Hispanic whites and Hispanics, a classification of MetS
performed well in identifying adolescents with elevated ALT (odds
ratios [ORs] 9.53 and 5.56, respectively), as did MetS-related indices.
However, among non-Hispanic blacks, the association between MetS and
ALT elevations was smaller in magnitude and technically nonsignificant
(OR = 3.24, P = .051). Furthermore, among non-Hispanic blacks, the
presence of IR and elevated waist circumference performed more
poorly at identifying ALT elevations (ORs 3.93 and 2.28, respectively:
significantly smaller than ORs for non-Hispanic whites, P , .05), with
triglyceride elevations being a better predictor (OR = 4.44).

CONCLUSIONS: Non-Hispanic black adolescents exhibit a lower
relationship between IR and elevated ALT, supporting racial/ethnic
differences in the link between MetS and NAFLD. These data may have
implications regarding triggers for screening for NAFLD among non-
Hispanic black adolescents, focusing particularly on those with
triglyceride elevations. Pediatrics 2013;132:e718–e726
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Pediatric nonalcoholic fatty liver dis-
ease (NAFLD) is a spectrum of liver
tissue abnormalities involving hepatic
fatty infiltration, ranging from simple
steatosis to hepatitis to end-stage liver
disease.1,2 Inflammation and cellular
injury are often indicated by elevations
in liver enzymes, particularly alanine
aminotransferase (ALT).3–5 Pediatric
NAFLD has evolved into a serious public
health issue, affecting between 7% to
17% of adolescents.6,7 Although treat-
ments are limited, lifestyle intervention
and weight loss appear beneficial.8–10

Long-term prognosis without inter-
vention is variable, but many children
may ultimately progress to nonalco-
holic steatohepatitis or cirrhosis in
childhood or young adulthood.11,12 Be-
cause the diagnosis of NAFLD involves
an invasive procedure (liver biopsy)
for its diagnosis, alternative markers
have been identified for the presence
of NAFLD, of which ALT is the best
marker.5,7,13 Although elevations in ALT
are in no way diagnostic of the pres-
ence of NAFLD, elevated ALT in 1 study
had a sensitivity of 0.92 for identifying
fatty-fibrotic findings on ultrasound.14

NAFLD is tightly linked to obesity. Obese
children have a sevenfold higher
prevalence of NAFLD compared with
normal-weight children.6 NAFLD is also
independently linked to metabolic syn-
drome (MetS), a cluster of clinical signs
and symptoms associated with insulin
resistance (IR), including dyslipidemia
(elevated triglycerides, low high-
density lipoprotein cholesterol [HDL-C]),
elevated blood pressure (BP), central/
abdominal obesity, and elevated fasting
glucose.15–17 Obese adolescents with
MetS have a fivefold increase in NAFLD
compared with obese adolescents with-
out MetS.17

The link between NAFLD and IR has
raised speculation regarding inter-
relationships between NAFLD and IR,
with shared features of visceral obesity
(frequently assessed as elevations in

waist circumference [WC]),18 elevated
triglycerides, and underlying inflam-
mation, indicated by increases in high-
sensitivity C-reactive protein (hsCRP)19–21

and g-glutamyl transferase (GGT).22,23

The tight link between MetS and
NAFLD has prompted some to suggest
screening for NAFLD (via assessment
for unexplained ALT elevations .30
U/L) among adolescents with MetS.17

However, racial/ethnic discrepancies
in MetS may affect its relationship to
NAFLD. Non-Hispanic black adolescents
have a lower prevalence of MetS24–27

and NAFLD5,18,28–30 despite having more
IR.26,31–35 Conversely, Hispanics have
a higher prevalence of NAFLD despite
similar rates of MetS.5,7,13,18,24,25

Given these intergroup differences, our
goalwas toassess relationshipsamong
MetS, IR, and NAFLD between racial/
ethnic groups. We evaluated adoles-
cents from the NHANES for unexplained
elevations in ALT as a potential marker
for NAFLD. Our hypothesis was that
given the poor accuracy of MetS for
identifying IR in non-Hispanic blacks,
MetSwouldbeanoverallpoorpredictor
of unexplained ALT elevations among
non-Hispanic blacks. We also hypothe-
sized that IR itself would be a better
predictor of elevated ALT among non-
Hispanic black adolescents. Such data
regarding interethnic differences may
lead to insights into the underlying
processes linking NAFLD and IR.

METHODS

Data were obtained from NHANES
(1999–2010), a multistage probability
sample of the US population. These
cross-sectional surveys are conducted
by the National Center for Health Sta-
tistics of the Centers for Disease Con-
trol, with randomly selected subjects
undergoing anthropometric and BP
measurements, answering question-
naires, and undergoing phlebotomy
(http://www.cdc.gov/nchs/nhanes.htm).
The National Center for Health Statistics

ethics review board reviewed and ap-
proved the survey, and participants gave
informed consent before participation.
Measurement of weight, height, BMI, WC,
BP, and laboratory measures of ALT, as-
partate aminotransferase, GGT, hsCRP,
triglycerides, HDL-C, and glucose were
obtained by using standardized proto-
cols and calibrated equipment.7,36 Only
blood samples obtained after an $8-
hour fast were analyzed. Participants
were classified as overweight if their
BMI z score was in the 85th to 95th
percentile for age and obese if their BMI
z score was$95th percentile.

We excluded individuals with positive
serologic studies associated with viral
hepatitis, includingthosewithapositive
hepatitis B core antibody, hepatitis B
surface antigen, hepatitis C confirmed
antibody, and hepatitis D antibody.
Subjects were also excluded if they
were pregnant, had known diabetes,
or were taking antidiabetic or anti-
hyperlipidemic medications because
these situations are all likely to alter
lipid and insulin levels in amanner that
may not reflect baseline insulin-NAFLD
correlations. Individuals taking antihy-
pertensive medication were classified
as having hypertension. Data were not
readily available regarding alcohol in-
take in this age range.

Outcome Variable: ALT

Weusedanupper limit value forALTof30
U/L, derived as the 97th percentile from
NHANES III37 and used previously.7 Data
from non-Hispanic white, non-Hispanic
black, or Hispanic (Mexican-American/
other Hispanic) adolescents, aged 12 to
19 years were analyzed. Children ,12
years were excluded because fasting
laboratory values were only obtained
in participants $12 years.

MetS Classification

MetS was defined by a commonly used
pediatric/adolescent adaptation of the
Adult Treatment Panel III criteria.36
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Participants had to meet $3 of the
following 5 criteria: (1) concentration
of triglycerides $110 mg/dL; (2) HDL-C
#40 mg/dL; (3) WC $90th percentile
for age/gender (or Adult Treatment
Panel III limit of 102 cm for males and
88 cm for females, whichever was
lower)16,38; (4) glucose concentration
$100 mg/dL; and (5) systolic or di-
astolic BP $90th percentile (age,
height, and gender-specific).39 Hyper-
tension was defined as systolic or di-
astolic BP $90th percentile for age,
height, and gender. The homeostasis
model of IR (HOMA-IR) was calculated
as [(fasting insulin in mU/mL) 3 fast-
ing glucose in mg/dL/405]. IR was de-
fined as HOMA-IR $4.0 as done
previously in adolescents.40

Statistical Analysis

Statistical significance was defined as
a P , .05. Statistical analysis was
performed using SAS (version 9.3, Cary,
NC), using survey procedures (eg,
SURVEYREG) that account for the sur-
vey design when estimating SEs to ob-
tain population-based estimates. We
combined data sets from the six 2-year
cycles (1999–2010) for statistical
analyses to increase sample size.
Prevalence rates of MetS, NAFLD (clas-
sified as ALT $30), and elevated HOMA
($4.0) were calculated by gender and
race/ethnicity and compared via x2

tests. Mean levels of relevant continu-
ous measures were compared among
groups by using either t tests or anal-
ysis of variance. Various regression
models were fit to the data, all in-
cluding gender, education (highest
level obtained for any household
member), and household income-to-
needs ratio as covariates. Logistic re-
gression was used to assess effects of
gender, race/ethnicity, and MetS status
on the odds of NAFLD. All interactions
of the 3 covariates (gender, race/
ethnicity, and MetS status) were ini-
tially included in the model but removed

in a stepwise fashion if the associated
interaction P value was ..10. Sepa-
rate logistic models of NAFLD were
also fit to the data, examining the im-
pact of MetS, MetS components, and
other elevations (HOMA-IR, hsCRP) on
the odds of NAFLD by race/ethnicity.
Odds ratios (ORs) adjusting for the
aforementioned covariates were esti-
mated to compare odds of NAFLD for
increasing numbers of MetS ele-
vations. Linear regression was used to
compare mean levels of triglycerides,
hsCRP, and GGT between those with ALT
$30 versus ,30. Comparisons be-
tween the 2 ALT groups were allowed
to vary by race/ethnicity. We stratified
subjects by age (boys $16 years and
girls $14 years) to assess for differ-
ences in these findings among chil-
dren likely to be in later pubertal
stages.41,42 Natural log transforma-
tions were used to achieve normality;
geometric means from these models
were reported. Finally, OR of ALT ele-
vations were estimated comparing
quartiles of various MetS or MetS-
related measures.

RESULTS

Prevalence of MetS and
Unexplained ALT Elevations

We evaluated 4124 adolescents, in-
cluding 1207 non-Hispanic whites, 1233
non-Hispanic blacks, and 1684 His-
panics. The prevalence of abnormal ALT
levels in adolescents differed by race/
ethnicity: Hispanics, 13.7%; non-Hispanic
whites, 8.6%; and non-Hispanic blacks,
5.4% (P, .0001; Table 1). Similarly, the
prevalence of MetS also differed by
race/ethnicity: Hispanics, 10.6%; non-
Hispanic whites, 8.4%; and non-Hispanic
blacks, 4.2%. Both elevated ALT levels
and MetS were more common among
overweight and obese adolescents
than normal-weight adolescents for
each racial/ethnic group (Supplemen-
tal Table 5). IR defined as HOMA-IR
$4.040 was higher in non-Hispanic

blacks and Hispanics compared with
non-Hispanic whites (Table 1). These
findings were similar when fasting in-
sulin was evaluated (data not shown).
Mean values for MetS components, in-
sulin, ALT and aspartate aminotrans-
ferase, and inflammatory markers are
shown by gender and race/ethnicity in
Supplemental Table 6. Values differed
significantly by race/ethnicity for mul-
tiple variables. Non-Hispanic blacks
had the highest values of high-density
lipoprotein, systolic BP, and GGT, and the
lowest values of glucose, triglycerides,
and ALT.

OR of Elevated ALT

In a model adjusting for household
education and income, the factors as-
sociated with risk of ALT elevation in-
cludedmale gender (OR = 4.59, 95%CI =
3.24–6.49, P , .0001), Hispanic ethnic-
ity (OR = 1.8, 95% CI = 1.24–2.61, P ,
.01), and MetS (OR = 7.81, 95% CI =
5.24–11.65, P, .0001; Table 2). Notably,
there was no significant interaction
between gender, race/ethnicity, and
MetS in their relationship to elevated
ALT, suggesting that MetS correlated
similarly between males and females
(and among race/ethnic groups) in its
relationship to NAFLD.

Even though the race/ethnicity3 MetS
interaction was not significant (P =
.22), we kept this interaction in the next
set of models to allow for the impact of
MetS (and its components in separate
models each) on the odds of ALT ele-
vation to vary by race/ethnicity (Ta-
ble 3). Here, MetS was a significant
predictor of ALT elevations among non-
Hispanic white (OR = 9.53, 95% CI =
5.58–16.27, P , .0001) and Hispanic
(OR = 5.56, 95% CI = 3.10–9.95, P ,
.0001) adolescents. Among non-Hispanic
blacks, the relationship between MetS
and elevated ALT was lower in magni-
tude and not technically significant
(OR 3.24, 0.99–10.54, P = .0514; Table
3). Abnormalities in individual MetS
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components, IR, and elevated hsCRP
also performed well in general as
predictors of ALT elevations. However,

elevations in WC and HOMA-IR had sig-
nificantly lower OR for elevated ALT
among non-Hispanic blacks compared

with non-Hispanic whites (P = .0044
and P = .0189 for interethnicity com-
parison, respectively), whereas eleva-
tions in triglycerides were the best
predictor of ALT elevations among non-
Hispanic blacks (Table 3).

Inflammation and Elevated ALT

We next assessed for differences in
systemic inflammation among adoles-
cents with and without unexplained ALT
elevations by racial/ethnic group, using
hsCRP and GGT as inflammatory mea-
sures and adjusting for household
education and income (Table 4). Geo-
metric means of these measures esti-
mated from the linear models of the
log-transformed outcomes were com-
pared between those with and without
elevated ALT. Among each racial/ethnic
group, there was a higher degree of
systemic inflammation among adoles-
cents with ALT elevations. Non-Hispanic
black adolescents without ALT eleva-
tions had higher mean levels of GGT
than non-Hispanic whites, whereas His-
panics had lower hsCRP levels than
non-Hispanic whites. Levels of inflam-
matory markers were otherwise simi-
lar by race/ethnicity.

ALT Elevation by HOMA-IR, WC, and
Triglyceride Quartiles

Finally,wedividedHOMA-IR, triglycerides,
and WC into quartiles among the
overall sample to assess for increases
in the odds of unexplained ALT ele-
vationswith increasingdegreeof these
measures while adjusting for gender,
household education, and income. Al-
though all racial/ethnic groups ex-
hibited higher adjusted ORs of ALT
elevation among individuals in the
highest quartile for HOMA-IR com-
pared with the lowest, this OR was
significantly lower among non-Hispanic
blacks (2.9) compared with non-Hispanic
whites (8.5) but not compared with
Hispanics (9.6; Fig 1A). The same was
true for OR of ALT elevation by quartiles

TABLE 1 NHANES 1999–2010 Characteristics: Children Aged 12 to 19 Years With Data on All MetS
Components (n = 4124)

n % With Elevated
ALTa (95% CI)

% With
MetSb (95% CI)

% With
IRc (95% CI)

Overall 4124 9.0 (7.5–10.5) 8.1 (6.8–9.5) 16.0 (14.4–17.5)
By gender
Female 1946 3.3 (2.4–4.2) 5.3 (4.1–6.5) 15.8 (13.5–18.1)
Male 2178 14.4 (11.8–17.1) 10.9 (8.7–13.0) 16.1 (13.7–18.5)

Pd ,.0001 ,.0001 .8879
By race/ethnicity
Non-Hispanic white 1207 8.6 (6.6–10.5) 8.4 (6.5–10.2) 12.9 (10.8–15.0)
Non-Hispanic black 1233 5.4 (3.5–7.3) 4.2 (2.9–5.6) 19.4 (17.1–21.6)
Hispanic 1684 13.7 (11.5–15.8) 10.6 (8.4–12.7) 24.3 (21.2–27.4)

Pe ,.0001 .0003 ,.0001

CI, confidence interval.
a ALT $30.
b Pediatric Adaptation of Adult Treatment Panel III of Metabolic Syndrome.36
c HOMA-IR $4.0.
d x2 test comparing rates between males and females.
e x2 test comparing rates among the race/ethnicity groups.

TABLE 2 Logistic Model of Odds of ALT $30

Model Covariate OR Estimate 95% CI P

Household education
Less than high school 0.93 (0.55–1.58) .8002
High school 0.95 (0.53–1.71) .8712
More than high school 1 (ref)

Household income 0.99 (0.87–1.11) .8285
Gender
Male 4.59 (3.24–6.49) ,.0001
Female 1 (ref)

Race/ethnicity
Non-Hispanic black 0.74 (0.48–1.13) .1648
Hispanic 1.80 (1.24–2.61) .0022
Non-Hispanic white 1 (ref)

MetS 7.81 (5.24–11.65) ,.0001

All interactions among race/ethnicity, gender, and MetS were not significant (P . .20) and were removed from the model.
CI, confidence interval.

TABLE 3 Adjusted ORs of ALT $ 30 by Race/Ethnicity

OR (95% CI)

Non-Hispanic White Non-Hispanic Black Hispanic

MetS 9.53 (5.58–16.27) 3.24 (0.99–10.54) 5.56 (3.10–9.95)
MetS components
Elevated WC 7.24 (4.23–12.37) 2.28** (1.27–4.10) 5.72 (3.56–9.19)
Elevated BP 3.83 (2.18–6.72) 1.98 (0.98–4.01) 1.91 (0.90–4.05)
Low HDL-C 3.34 (1.94–5.73) 3.01 (1.37–6.65) 2.68 (1.57–4.59)
Elevated triglycerides 2.48 (1.50–4.11) 4.44 (2.32–8.47) 3.52 (2.16–5.76)
Elevated glucose 2.20 (1.28–3.80) 2.92 (1.43–5.95) 1.91 (1.19–3.06)

Other outcomes
Elevated HOMA-IR ($4.0) 8.23 (4.94–13.72) 3.93* (2.31–6.70) 5.59 (3.28–9.50)
Elevated hsCRP (.4.5) 2.36 (0.90–6.21) 0.95 (0.43–2.09) 4.24 (2.09–8.90)

Adjusted for gender, household income, and highest household education. CI, confidence interval.
* P , .05 (Comparing OR to Non-Hispanic whites).
** P , .01 (Comparing OR to Non-Hispanic whites).
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of WC, with a lower adjusted OR for el-
evated ALT among non-Hispanic blacks
(4.8) compared with non-Hispanic
whites (11.4, P , .01) and Hispanics
(16.1, P . .05; Fig 1B). Although lower
levels of triglycerides carried low OR
of ALT elevation in non-Hispanic black
adolescents, non-Hispanic blacks with
triglycerides in the top quartile exhib-
ited a similar OR (4.8) to that seen in
non-Hispanic whites (4.7). Hispanics
with triglycerides in the top quartile
had the highest OR of ALT elevations of
any of the racial/ethnic groups (10.7,
P , .01 versus non-Hispanic whites;
Fig 1C). When fasting insulin was sub-
stituted for HOMA-IR, this yielded nearly
identical results (data not shown). We
did not have data regarding pubertal
status in this database; however, when
we stratified by age group to assess
these findings among children likely
to be in late puberty (boys aged $16
years; girls aged $14 years41,42), we
found similar findings regarding these
interethnicity differences (data not
shown).

DISCUSSION

Racial/ethnic variation in NAFLD and/
or ALT elevations5,7,18,28–30,43,44 and
MetS24–27,32–34 have been noted pre-
viously, suggesting clear differences
in obesity-related changes in fatty

liver and IR. Non-Hispanic blacks in
particular have a low prevalence of
NAFLD5,18 and MetS24–27 despite a high
degree of IR. Given known inaccura-
cies of current MetS criteria in iden-
tifying IR and inflammation among
non-Hispanic black adolescents, our
original hypothesis was that the de-
gree of elevation in HOMA-IR would
prove to be better than MetS at pre-
dicting of elevations in ALT. This was
technically true, with a nonsignificant
OR for MetS predicting ALT elevations
(OR = 3.24, P = .05), compared with
a significant OR for elevated insulin
(OR = 3.45, P = .02), although with
a larger sample size statistical cor-
relation may have been noted for
both. Nevertheless, what was much
more striking was that HOMA-IR did
not have as close of an association
with ALT elevations among non-
Hispanic blacks as among the other
ethnicities. Although other reports
have shown less NAFLD in non-
Hispanic blacks, this report repre-
sents the first demonstration of a
weaker link between HOMA-IR and ALT
elevations as a marker for suspected
NAFLD among non-Hispanic blacks.
That these findings are present (1) at
a relatively early age, (2) in a popu-
lation largely free from medical
comorbidities, and (3) after adjustment
for socioeconomic factors supports

the presence of clinically significant
racial/ethnic differences in hepatic
response to obesity and IR.

Notably, non-Hispanic blacks are less
likely to have visceral adiposity as as-
sessed by computed tomography31,45

and elevated WC,25 potentially produc-
ing a lower propensity toward hepatic
fat accumulation.18,46 Non-Hispanic
blacks also have a low prevalence of
MetS diagnosis, predominantly related
to having lower triglyceride levels than
other racial/ethnic groups,47 making
MetS a poorer marker of IR in non-
Hispanic blacks.26,32,35,48 Our present
findings build on these assertions by
revealing that even in the presence of
elevated WC and HOMA-IR, non-Hispanic
black adolescents have a lower OR than
non-Hispanic whites for suspected
NAFLD.

In considering these associations, it is
notable that the cause-effect relation-
ship between NAFLD and MetS likely
involvessomedegreeofoverlap.Clearly
the presence of NAFLD is associated
with elevated levels of inflammation19,20

and IR17,49,50 and, when present, is likely
to contribute to the findings associated
with MetS.17 In this sense, previous
studies would suggest that NAFLD may
be a cause of worsening MetS. Con-
versely, the underlying processes of
obesity, inflammation, and adipokines
that drive abnormalities associated
with MetS are also associated with
NAFLD in basic science models51,52 and
may contribute to liver fat accumula-
tion through related pathways.15 In this
sense, individuals with a high degree
of IR from these processes would be
expected to have a higher risk of NAFLD,
highlighting how NAFLD may be an ef-
fect of processes behind MetS.

Nevertheless, both of these cause-
effect situations appear diminished
among non-Hispanic black adolescents
compared with other groups in that
the lower prevalence of NAFLD was
not associated with lower levels of

TABLE 4 Comparisons Between Normal Versus Elevated ALT, by Race/Ethnicity

Non-Hispanic White Non-Hispanic Black Hispanic

Triglycerides, GM (95% CI)
ALT $30 111.1 (99.5–125.2) 76.7a (64.7–90.0) 104.6 (89.1–122.7)
ALT ,30 82.3 (79.0–85.6) 60.3a (58.6–62.2) 77.5a (74.4–79.8)

Ratio of GMs 1.3 (1.2–1.5)b 1.3 (1.1–1.5)b 1.4 (1.2–1.6)b

HsCRP, GM (95% CI)
ALT $30 1.1 (0.9–1.5) 0.8 (0.7–1.0) 1.4 (1.0–1.8)
ALT ,30 0.5 (0.5–0.6) 0.5 (0.5–0.6) 0.6a (0.5–0.7)

Ratio of GMs 2.2 (1.6–3.0)b 1.6 (1.2–2.0)b 2.3 (1.7–3.1)b

GGT, GM (95% CI)
ALT $30 23.3 (19.1–28.8) 24.3 (20.3–29.1) 24.8 (21.8–28.2)
ALT ,30 12.6 (12.1–13.1) 15.0a (14.4–15.8) 12.7 (12.2–13.2)

Ratio of GMs 1.9 (1.5–2.3)b 1.9 (1.3–1.9)b 2.0 (1.7–2.2)b

Model of log(outcome), including race/ethnicity, ALT status, and their interaction, adjusting for household education and
income. CI, confidence interval; GM, geometric mean.
a Geometric mean significantly different than non-Hispanic white (P , .05).
b Ratio significantly (P , .05) .1 (ie, significant difference between the ALT groups, within race/ethnicity group).
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inflammation or IR, and a similar or
higher degree of IR in non-Hispanic
blacks compared with other groups
did not correlate with higher rates of
NAFLD. Although the cross-sectional
nature of these data limits the con-
clusions we can make regarding these
relationships, these findings overall

suggest a lower degree of association
among MetS, IR, and NAFLD in non-
Hispanic black adolescents compared
with non-Hispanic whites and His-
panics, as illustrated by Table 3 and
Fig 1A.

These findings may pertain to differ-
ences in body fat distribution among

non-Hispanic blacks, who notably have
less visceral adiposity.31,46 Although
visceral obesity is tightly linked to IR,
this link does not appear necessary in
non-Hispanic blacks.53 However, non-
Hispanic blacks have more subcuta-
neous fat.46 Basic science studies have
suggested that the ability to deposit
large quantities of fat in subcutaneous
tissue protects against deposition in
visceral and hepatic compartments.18,54

Nevertheless, we noted that even when
WC is elevated in non-Hispanic black
adolescents, suggesting increase in
visceral adipose tissue, there were
lower ORs for suspected NAFLD than
seen for non-Hispanic whites (Fig 1B).
This would appear to additionally dis-
sociate visceral adiposity from NAFLD
in non-Hispanic black adolescents.

The most notable difference in MetS
between non-Hispanic blacks and other
ethnicities is a lower prevalence of
hypertriglyceridemia, which may be
due in part to lower activity of lipo-
protein lipase.48 Interestingly, one of
the pathophysiologic processes asso-
ciated with NAFLD is an increase in free
fatty acids from the liver, also noted in
elevations in triglycerides,17 which are
elevated on average .40% among
adolescents with suspected NAFLD
compared with control subjects.7 We
noted that despite lower triglyceride
levels overall among non-Hispanic
blacks, when non-Hispanic black ado-
lescents do have high triglyceride lev-
els, they had a similar OR for elevated
ALT as non-Hispanic whites (Fig 1C).
Thus, although ALT increases are as-
sociated overall with central obesity,
low HDL-C, and high triglycerides, it
appears that among non-Hispanic
black adolescents, high triglycerides
constitute a particularly good marker
of elevated ALT risk. It is unclear if non-
Hispanic blacks with such elevations
in triglycerides represent a subgroup
with a particularly progressed condi-
tion of MetS or if their triglyceride

FIGURE 1
Odds of elevated ALT by racial/ethnic group and by quartiles of insulin, WC, and triglycerides. Odds of ALT
elevation are shown for each racial/ethnic group evaluated by quartile of (A) HOMA-IR, (B) WC, and (C)
triglycerides, with the first quartile being the referent group. Significance relative to non-Hispanic
whites: * P , .05; ** P , .01.

ARTICLE

PEDIATRICS Volume 132, Number 3, September 2013 e723



elevations represent differences in ge-
netic propensity to both manifestation
of MetS and development of NAFLD.
Regardless, suspicion of potential NAFLD
among non-Hispanic blacks should rise
when elevated triglycerides are present,
more so than other features of MetS,
potentially representing a new indi-
cator for screening for NAFLD among
non-Hispanic blacks.

In contrast to these findings regarding
non-Hispanic blacks, our findings sup-
port a relationship between IR and
NAFLD that is at least as strong, if not
stronger, among Hispanics as among
non-Hispanic whites. Hispanics have
been noted to have more NAFLD with
worsened severity and higher rates of
nonalcoholic steatohepatitis.13,55 Al-
though a lower relationship between IR
and NAFLD has been suggested among
Hispanics versus non-Hispanic whites
in past studies,43 other researchers
have found that, when matched for the
degree of adiposity, Hispanics and non-
Hispanic whites exhibited similar rela-
tionships between IR and fatty liver
disease severity.44 Our data support
overall similarities in the relationship
between IR and NAFLD among His-
panics and non-Hispanic white adoles-
cents, with, if anything, a tendency
toward higher OR for NAFLD in His-
panics with fasting insulin and WC in
the highest quartile.

Our study had multiple limitations. We
usedcross-sectionaldata fromNHANES.

This permitted analysis of a large US
population-based sample of adoles-
cents, but the cross-sectional nature
does not permit conclusions on the
temporal nature of MetS and NAFLD.
Although powerful, the NHANES data we
used also do not contain information
regarding pubertal status, which is of
clear importance in the consideration
of IR; however,whenwestratifiedbyage
to evaluate children more likely to be in
late puberty (boys aged $16 years;
girls aged $14 years41,42) we found
similar results, suggesting against
a puberty-related cause of these find-
ings. We used unexplained ALT ele-
vations to assess for suspected NAFLD.
Although we excluded individuals with
serological findings of hepatitis, there
still may have been non-NAFLD causes
of these ALT elevations such as hepati-
tis types not evaluated in NHANES, Wil-
son’s disease, and chronic alcohol use.
Nevertheless, use of ALT elevations has
been validated in previous studies as
a strong predictor of NAFLD in children4

and adults3 and has been widely used
in other epidemiologic studies.5,7,13 Fi-
nally, we were not able to directly
measure IR, instead using HOMA-IR and
fasting insulin as measures of IR. Al-
though still an imperfect means of es-
timating insulin sensitivity, HOMA-IR
and fasting insulin overall correlate
with the hyperinsulinemic-euglycemic
clamp method, the gold standard for
assessing IR.56

NAFLD has become the most common
liver disease in children. Because of the
epidemic increase in childhood obesity,
screening mechanisms should be in
place for surveying for the potential
for NAFLD in children. These data un-
derscore the importance of screening
among children with central obesity
and MetS, with implications that these
children could be targeted for weight
loss and other treatments to potentially
prevent future complications. Among
non-Hispanic black children, elevations
in triglyceridesmay be another striking
sign.

CONCLUSIONS

We found racial/ethnic differences in
the relationship between elevated ALT
and IR. The presence of IR and elevated
WC were poorer predictors of elevated
ALT overall among non-Hispanic blacks
compared with non-Hispanic whites
and may not be as effective of triggers
for screening for NAFLD in non-Hispanic
blacks, whereas elevated triglyceride
levels may be a better indication for
screening among non-Hispanic black
adolescents. These data add to accu-
mulating evidence of differences in how
MetS and related diseases aremanifest
in non-Hispanic blacks and may reflect
a need for ethnicity-based screening
criteria for adolescents at risk for
NAFLD. Clearly more research is nec-
essary.
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