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Relationship Between Metabolic
Syndrome, Alanine
Aminotransferase Levels, and
Liver Disease Severity in a
Multiethnic North American
Cohort With Chronic Hepatitis B
Diabetes Care 2018;41:1251–1259 | https://doi.org/10.2337/dc18-0040

OBJECTIVE

Metabolic syndrome (MS) is prevalent and is associated with adverse outcomes of
liver disease. We evaluated the prevalence of MS and its influence on alanine amino-
transferase (ALT) levels and fibrosis, as estimated by the aspartate aminotransferase–
to–platelet ratio index (APRI), in a large, multiethnic North American cohort with
chronic hepatitis B (HBV) infection.

RESEARCH DESIGN AND METHODS

AdultswithchronicHBVfrom21centerswithintheU.S.andCanadawereevaluatedat
baseline and for up to 5 years (median 3.7 years) of follow-up.MSwas defined as the
presenceofat leastthreeoffivecriteriaincludingwaistcircumference,bloodpressure,
glucose, triglyceride, and HDL levels.

RESULTS

Analysis included 777 participants, of whom 171 (22%) hadMS. Participants withMS
(vs. those withoutMS) were older (median age 54.4 vs. 40.2 years), more oftenmale
(61%vs. 51%), and born in theU.S./Canada or had immigrated>20 years ago (60%vs.
43%).MSwasnotassociatedwithALTorAPRIatbaseline.Uponadjustedmultivariable
analysis of serial ALT values, ALTwas significantly higher (mean 12%; P = 0.02) among
those with MS at baseline and even higher (mean 19%; P = 0.003) among those with
persistent MS compared with those with persistent absence of MS. MS was not
associated with serial APRI on follow-up.

CONCLUSIONS

MS was prevalent in this HBV cohort and was independently associated with higher
ALT levels longitudinally. Thesefindings highlight the importance of screening forMS
and the potential forMS to influence ALT and its interpretation in the context of HBV
treatment decisions.

Hepatitis B virus (HBV) infection is associated with a substantial global health burden:
roughly 250million persons are chronically infectedworldwide (1). Recent data suggest
that the number of foreign-born individuals with chronic HBV living in the U.S. may be
greater than previously reported, and the total number of Americanswith chronic HBV
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may be as high as 2.2 million (2). As such,
HBV represents a significant public health
burden in North America. Chronic HBV
has a variable course, ranging from in-
active infection with minimal viral repli-
cation and/or mild or no liver damage to
aggressive disease with severe hepatic
inflammation, leading to progressive fi-
brosis and risk of cirrhosis, liver failure,
andhepatocellular carcinoma (HCC) (3). In
addition to viral factors, host factors have
been identified that influence disease
course and long-term prognosis (4).
Metabolic syndrome (MS) is defined

as a constellation of metabolic abnormal-
ities including central obesity, hypertrigly-
ceridemia, low HDL, hypertension, and
impaired fasting glucose (5). MS has
emerged as an important and potentially
modifiable risk factor for chronic liver
diseaseprogression. Inaddition toadirect
association with nonalcoholic fatty liver
disease, MS may influence the outcomes
of other chronic liver diseases (4,6).
Among patients with chronic hepatitis C
virus infection, thosewith evidence ofMS
have an accelerated disease course and
an increased risk for HCC (7). Although
components of MS have been associated
withoverall patientmortality andHCC risk
in HBV (4,8), the effects of MS on other
outcomes in chronicHBV infectionare not
as well documented.
Population-based studies from Asia

have reported variable findings; some
show an increased prevalence of MS
among individuals with HBV infection
(9), whereas others find no or a negative
association (10). With increasing rates of
obesity and its associatedmetabolic com-
plications, including type 2 diabetes, in
North America, the prevalence of MS is
also likely to increase among persons
with chronic HBV infection (11). Large
observational studies have shown that
chronic HBV infection is also associated
with an increased risk for type 2 diabetes.
Although the association of chronic HBV
infection and type 2 diabeteswas initially
observed in Asian but not in U.S. cohorts,
we recently reported that the prevalence
of type 2 diabetes was higher in HBV-
infected individuals than in the general
North American population and was
associatedwith longer residence inNorth
America, especially among non-Asians
(12). These results suggest that environ-
mental factors, likely primarily dietary,
influence the risk for type 2 diabetes and
other metabolic risk factors among HBV-

infected immigrants. However, limited
data exist on whether the presence of
MSalters the courseofHBV infection (13),
especially among North Americans with
chronic HBV infection. Moreover, the
impact of MS on laboratory tests of liver
disease activity and noninvasive markers
of liver fibrosis within the context of HBV
has not been well defined. Indeed, as-
sessment of the phase of chronic HBV
infection, HBV disease monitoring, and
decision to initiate HBV therapy rely on
serial serum alanine aminotransferase
(ALT) levels, HBV viral parameters, and
liver disease severity (14). In addition,
achieving sustained suppression of HBV
viral replication with anti-HBV therapy is
associated with normalization of serum
ALT (defined as #19 units/L in females
and #30 units/L in males) and improve-
ment in liver histology (14).

In this study we examined the prev-
alence of MS and its association with
liver disease parameters in a large co-
hort of ethnically diverse North Amer-
ican patients with chronic HBV infection
who were followed for a median of 3.7
years.

RESEARCH DESIGN AND METHODS

Subjects enrolled in the Hepatitis B Re-
search Network (HBRN) Adult Cohort
Study from January 2011 to February
2014 were considered for inclusion in this
analysis. TheHBRNAdult Cohort Study is a
prospective study of hepatitis B surface
antigen–positiveadultpatientssponsored
by the National Institute of Diabetes and
Digestive and Kidney Diseases, and it
comprises 21 adult liver centers in the
U.S. and Canada, as previously described
(15). In brief, the HBRNAdult Cohort Study
enrolled hepatitis B surface antigen–
positive persons 18 years of age or older
who did not have a history of hepatic de-
compensation, HCC, solid organ or bone
marrow transplantation, or HIV coinfec-
tion andwhowere not receiving hepatitis
B antiviral therapy. If antiviral therapywas
initiated any time after enrollment, sub-
jects continued in the study. Participants
were evaluated at enrollment, week 12,
week 24, and every 24 weeks thereafter.
For this study we excluded participants
who had acute hepatitis B infection, who
were pregnant, or inwhom the presence/
absence of MS, as defined below, could
not be assessed. Up to 240 weeks (5
years) of follow-up were included in this
analysis.

All protocols were approved by the
HBRN Steering Committee and the in-
stitutional review boards (research ethics
board in the case of the Toronto site) of
the participating sites. All participants
provided written informed consent.

Assessment of Clinical Variables
MSwasdefinedas thepresenceof at least
three of five factors at baseline (5): 1)
abnormal glucose metabolism (fasting
glucose$100 mg/dL, use of antidiabetes
agents, and/or a history of diabetes); 2)
high-riskwaist circumference ($80cmfor
Asian women and$88 cm for women of
all other races, $90 cm for Asian men
and$102 cm for men of all other races);
3) low HDL cholesterol level (,50 mg/dL
for women and ,40 mg/dL for men); 4)
elevated triglyceride level (fasting value
$150 mg/dL or taking lipid-lowering
agentsatbaseline); and5)elevatedblood
pressure (systolic pressure $130 mmHg
and/or diastolic pressure $85 mmHg,
taking antihypertensive medications at
baseline, and/or a history of hyperten-
sion). Alcohol consumption was graded
as none or minimal (,1 drink/month),
moderate (more than none or minimal
but #4 drinks/day or 14 drinks/week in
men, #3 drinks/day or 7 drinks/week in
women), or heavy (more than moderate
or binge drinking, defined as $5 drinks
on at least 1 day in the previous month)
(16). The upper limit of normal (ULN) for
ALTwas30units/Lformalesand20units/L
for females. Because transient elastogra-
phy was only approved for use in the
United States in 2013, this noninvasive
assessment of liver fibrosis was not avail-
able when the HBRN Adult Cohort Study
was initiated. Therefore, the aspartate
aminotransferase (AST)–to–platelet ra-
tio index(APRI)scorewasusedtoestimate
liver fibrosis. The APRI was calculated
using the equation (17)

APRI ¼ AST ðunits=LÞ 4 AST ULN

Platelet count ð109=LÞ 3 100

APRI score was chosen over the Fibrosis-4
score for evaluating fibrosis to avoid col-
linearity with age that was used in the
models assessing the impact of MS on fi-
brosis. Cirrhosis was defined as APRI.2.0.

Histological Evaluation
Biopsies performed for clinical indication
within 1 year of entry into theHBRNAdult
Cohort Study were reviewed by a central
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pathology committee comprising pathol-
ogists from participating clinical centers.
Hematoxylin and eosin and Masson tri-
chrome stains were available for all cases.
Biopsies were scored for inflammation
and fibrosis using the method described
by Ishak et al. (18). Steatosis was graded
based on the proportion of steatotic
hepatocytes assessed at low magnifica-
tion: grade 0 indicates no steatosis; grade
1,,5%steatosis; grade2, from5%to33%
steatosis;grade3,.33%to67%steatosis;
and grade 4,.67% steatosis. Perisinusoi-
dal fibrosis was assessed as 0 for none,
1 for mild (visible only with trichrome
staining), and 2 for moderate (evident
with hematoxylin and eosin staining). The
presence of concurrent steatohepatitis
was based on findings of steatosis, bal-
looning injury with or without Mallory-
Denk bodies, and perisinusoidal fibrosis in
an appropriate architectural pattern (19).
Possible steatohepatitis was distinguished
from definite steatohepatitis based on the
quality of the characteristic features.

Statistical Analysis
Descriptive statistics includedmedianand
range and mean 6 SD, as appropriate.
Continuous variables were compared
between those with and those without
MS using the nonparametric Kruskal-
Wallis test, and categorical variables
were compared using the x2 test or
Fisher exact test, as appropriate. Linear
regression models were used to estimate
the adjusted (for age, sex, race, alcohol
consumption, HBV DNA levels, and hep-
atitis B e antigen [HBeAg] status) associ-
ation betweenMS and both ALT level and
the APRI score at baseline. Linear mixed
models were used for a similar analysis
that included ALT values and APRI scores
both at baseline and during follow-
up. All the ALT values and APRI scores
were analyzed as individual and sepa-
rate dependent variables in thesemodels.
Note, however, that to meet normality
assumptions, the log2 scale for both ALT
andtheAPRIscorewasusedinthemodels,
and therefore results are presented as
ratios rather than differences. All HBV
DNA levels included in the models were
assessed serially during follow-up. All the
other predictor variables were assessed at
baseline.

RESULTS

Of the1,547subjectsenrolled in theHBRN
Adult Cohort Study during the study

period who met the study inclusion
criteria, the presence or absence of MS
could be ascertained in 777 (50.2%). The
inability to ascertainMSwas typically due
to a lack of fasting glucose or lipid levels at
enrollment.Theparticipants forwhomMS
could (n = 777) or could not (n = 770) be
ascertained did not differ significantly with
respect toage (median43.5vs. 42.2years;
P = 0.82), sex (47.2% vs. 46.9% female; P =
0.89), race (72.6% vs. 69.7% Asian; P =
0.21), or APRI score (3.5% vs. 3.4% with
APRI .2; P = 0.90).

Of 777 participants included in the
analysis, 171 (22%) had MS at baseline.
Table 1 summarizes the characteristics of
participantswith and thosewithoutMSat
baseline. The participants with MS were
older, more likely to be born in the U.S. or
Canadaor tohavebeen immigrants longer
in these countries, and more likely to
have a known family history of diabetes.
With respect to HBV viral parameters,
those with MS had significantly lower
prevalence of HBeAg (14.2% vs. 30.3%; P =
0.0002) and lower HBV DNA levels (me-
dian log10 value 3.23 vs. 3.96; P, 0.0001)
than those without MS, presumably as
a result of their older age and longer
estimated duration of HBV infection. No
significant differences were found be-
tween groups with respect to base-
line ALT or AST levels and APRI scores.
However, a significantly larger proportion
of participants withMS at baseline had an
indeterminantHBVphenotype (20) (those
who do notmeet the criteria for immune-
active HBeAg positive or negative,
immune-tolerant, or inactive carrier states,
41.5% vs. 29.5%). This difference was
primarily related to a larger proportion
of participants with MS at baseline who
were HBeAg negative, with low levels of
HBV DNA (#104 IU/mL) but elevated ALT
values (38%vs. 23.8% in thosewithoutMS
at baseline). Of note, nearly one-third of
participants with this type of indeter-
minant phenotype hadMSda proportion
significantly larger than that with HBeAg-
negative immune-active and inactive car-
rier HBV phenotypes combined (31.1%
vs. 23.1%; P = 0.046).

With respect to histology, liver biopsy
within a year of study entry was available
for 73 participants (50 without MS and
23 with MS). Median time elapsed from
liver biopsy to study entry was similar
among those participants without and
those with MS (2123 vs.2117 days; P =
0.5). Participants with MS had higher

grades of steatosis and higher scores for
perisinusoidal fibrosis, and were more
likely to have definite steatohepatitis,
than those without MS (30% vs. 2%),
consistentwith the presence ofmetabolic
liver disease. However, scores for inflam-
mation and Ishak fibrosis were similar in
the two groups.

Association Between MS and ALT and
APRI Scores at Baseline
Of the 777 participants included in the
data analysis, a total of 734 participants
had available baseline ALT levels (of
whom 160 hadMS) and 687 had available
baseline APRI scores (of whom 148 had
MS) (Supplementary Fig. 1). In multivari-
able regression analysis, the presence of
MS at baseline was not associated with
ALT value or APRI score at baseline. HBV
DNA level was positively associated with
baseline ALT (1 log10 higher HBV DNAwas
associatedwith 14% higher ALT) and APRI
score (1 log10 higher HBV DNA was asso-
ciated with 10% higher APRI score).
Women had, on average, lower ALT and
APRI scores than men (Table 2). In addi-
tion, older agewas associatedwith higher
baseline APRI scores (8% higher for every
decade greater age).

Relationship of Baseline MS With ALT
and APRI Scores Over Time
During a median follow-up of 3.7 years,
634 participants (501 without MS and
133 with MS) did not undergo HBV ther-
apy. Overall, relatively small proportions
of these participants (18% without MS
and 12% with MS) met the American As-
sociation for the Study of Liver Diseases
(AASLD) laboratory criteria for treatment
initiation based on ALT level, HBV DNA,
and HBeAg status at baseline. The pro-
portion of untreated participants who
met treatment criteria decreased over
time to 4% by the 5th year of follow-up.
However, a larger percentage of partic-
ipants with MS received HBV therapy
compared with those without MS (23%
vs. 16%; P = 0.03). Figure 1 shows ALT
levels in the participants in whom HBV
therapywasnot initiatedduring theentire
follow-up period. ALT levels tended to be
higher at most follow-up time points in
participants with MS at baseline com-
pared with those without MS. However,
this difference was predominantly seen
among women (Supplementary Fig. 2),
and the absolute value of the differences
between the two groups was small. In
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Table 1—Characteristics of subjects with and without MS at baseline

Characteristics No MS (n = 606) MS (n = 171) P value

Host-related characteristics
Age, median (range), years 40 (18–78) 54 (23–80) ,0.0001
Female sex 49.5 39.2 0.02
Race 0.054
White 10.4 11.7
Black 11.7 19.3
Asian 74.3 66.7
Other 3.6 2.3

Continent of birth 0.005
Africa 9.7 9.9
Asia 69.3 63.7
Europe 4.6 1.2
North America 15.5 23.4
South America 0.8 0.6
Australia 0.0 1.2

Birth and immigration status ,0.0001
Born in the U.S. or Canada 14.5 21.1
Foreign-born and immigrated.20 years ago 28.2 39.2
Foreign-born and immigrated#20 years ago 53.1 32.7
Foreign-born but immigration date unknown 4.1 7.0

Race-adjusted BMI category ,0.0001
Normal (n = 341) 49.9 9.6
Overweight (n = 345) 38.7 42.2
Obese (n = 170) 11.3 48.2

Alcohol use in past 12 months* 0.7
None 72.6 75.9
Moderate 20.5 18.2
At risk 6.9 5.9

Known family history of diabetes 32.2 49.1 ,0.0001

Laboratory and HBV-related characteristics
Platelets, median (IQR),3 103/mm3 219 (182–255) (n = 565) 228 (183–271) (n = 156) 0.20
Total bilirubin, median (IQR), mg/dL 0.64 (0.50–0.90) (n = 597) 0.60 (0.41–0.80) (n = 597) 0.006
Albumin, median (IQR), g/dL 4.3 (4.1–4.6) (n = 585) 4.3 (4.1–4.6) (n = 169) 0.74
Fasting glucose, median (IQR), mg/dL 84.0 (79.0–90.1) (n = 588) 99.0 (87.0–111.7) (n = 127) ,0.0001
ALT, median (IQR), units/L 33 (23–53) 36 (26–50) 0.25
ALT 0.9
Normal 30.3 28.8
.1 to,23 ULN 41.8 42.9
$23 ULN 27.8 28.2

AST, median (IQR), units/L 28 (22–39) 27.5 (23–37) 0.74
AST 0.11
Normal 73.5 79.4
Abnormal 26.5 20.6

Log10 HBV DNA, median (IQR), IU/mL 3.96 (2.8–6.2) 3.23 (2.3–4.6) ,0.0001
HBeAg status 0.0002
Negative 69.5 85.8
Positive 30.3 14.2
Equivocal 0.2 0.0

HBV genotype 0.06
A 14.2 18.7
B 36.1 30.4
C 33.3 25.1
D 7.6 4.7
Other/multiple 2.8 5.3
Unknown 5.9 15.8

HBV phenotype 0.001
Immune tolerant 5.1 1.2
HBeAg-positive chronic hepatitis B 19.8 11.1
HBeAg-negative chronic hepatitis B 17.8 15.2
Inactive carrier 19.0 24.0
Indeterminant 29.5 41.5

Continued on p. 1255
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multivariable models that included all
participants and controlled for years of
follow-up, receipt and duration of HBV
therapy, and other covariates (age, sex,
race, alcohol intake, HBVDNA, andHBeAg
status),MSwas independently associated
with higher ALT levels over time, with a
magnitude of association similar to that
seen at baseline (Table 3). Participants
withMS at baseline had, on average, 12%
higher ALT levels during follow-up (when
combining all time points) comparedwith
those withoutMS (P = 0.02). As expected,
women had on average 27% lower ALT
levels during follow-up than men (P ,
0.0001), and higher HBV DNA levels were
alsoassociatedwithhigherALT levelsover
time (21%higher for every log10 HBVDNA
increase; P , 0.0001).
Given the influenceof sexonALT levels,

we further evaluated the primary effects
of both MS and sex, and the interactions
between them, in the same multivariable
model that included all participants and
controlled for years of follow-up, receipt
and duration of HBV therapy, and other
covariates (age, sex, race, alcohol intake,
HBVDNA,andHBeAgstatus). This showed

thatMS at baselinewas significantly asso-
ciated with higher ALT levels in women
(ratio 1.26; 95% CI 1.10–1.45; P = 0.0011)
but not in men (ratio 1.03; 95% CI 0.92–
1.16; P = 0.6). In the multivariable model
for ALT shown in Table 3, HBeAg positivity
seems to be associated with lower ALT
values compared with those observed
in HBeAg-negative participants. While it
shouldbenotedthat the linear relationship
between HBV DNA and ALT levels is pre-
served for both the HBeAg-positive and
HBeAg-negative groups, the data suggest
that the magnitude of this relationship is
attenuated in the HBeAg-positive group.

APRIscoresduringfollow-upwereasso-
ciated with older age (8% higher for every
decade increase in age; P, 0.0001) and
female sex (19% lower; P , 0.0001). How-
ever, no statistically significant associa-
tion was found between MS at baseline
and APRI scores over time (P = 0.06).

We recognized that MS status can
change during follow-up, so we repeated
the multivariable modeling for the longi-
tudinal analysis using only data from
participants whose baseline MS status
remained constant over time. For this

modeling, a total of 624 subjects with
available data and unchanged MS status
during follow-up were included for the
ALToutcomeanalysisand587participants
were included for the APRI outcome
analysis (Supplementary Fig. 1). When
evaluating participants whose MS status
remained constant during the follow-up
period, thepresenceofMSwasassociated
with even higher ALT levelsdan average
of 19% higher (P = 0.003)dwhereas the
estimates for APRI scores did not change
(Supplementary Table 1). Sex did not
have a statistically significant differential
influence on the relationship between
MS and ALT (P = 0.08) or APRI (P = 0.7) in
these models.

CONCLUSIONS

This large, prospective cohort study of
individuals with chronic HBV infection in
North America followed for up to 5 years
offers a unique opportunity to assess the
relationship between MS and serum ALT
and surrogate markers of liver disease
severityatbaselineand longitudinally.We
found that the overall prevalence of MS
was 22% in this largely Asian (;70%)

Table 1—Continued

Characteristics No MS (n = 606) MS (n = 171) P value

APRI score 0.3
,1 90.4 92.9
1–2 6.2 3.2
.2 3.4 3.8

Liver histology, n† 50 23
Ishak inflammation, total score
1–4 34.0 30.4 0.4
5–8 42.0 60.9
9–12 16.0 8.7
13–18 8.0 0.0

Steatosis grade
None 24.0 13.0 0.004
,5 60.0 34.8
5–33% 10.0 17.4
.33–67% 4.0 34.8
.67% 2.0 0.0

Steatohepatitis
Absent 92.0 56.5 0.0003
Possible 6.0 13.0
Definite 2.0 30.4

Ishak fibrosis stage
0–2 76.0 73.9 1.0
.2 24.0 26.1

Perisinusoidal fibrosis
0 74.0 52.2 0.003
1 24.0 17.4
2 2.0 30.4

Dataarepercentagesunlessotherwise indicated. IQR, interquartilerange.*Alcoholconsumptionwasgradedasnone/minimal (,1drink/month),moderate
(more than none/minimal but#4 drinks/day or 14 drinks/week in men, #3 drinks/day or 7 drinks/week in women), or at risk (more than moderate
or binge drinking, latter defined as$5 drinks on at least 1 day in the previousmonth). †Liver biopsy specimens were available for 73 subjects (50without
MS and 23 with MS) for histologic evaluation.
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cohort. This observed prevalence is sim-
ilar to those in reports of other Asian
populations, in which MS prevalence

ranged from 18% to 23% (21). While
baseline ALT levels were not increased in
the overall cohort in the presence of MS,

nearly one-third of patients with high ALT
but lowHBVDNA levels (#104 IU/mL)had
MS, a proportion that was significantly

Figure 1—Baseline and longitudinal ALT levels (units [U]/L) in participantswithorwithoutMS at baselinewho hadnot receivedHBV antiviral therapy. Each
box represents thefirst (lowerend) to third (upper end) quartilesofALT values (interquartile range [IQR]), and thehorizontal line in eachbox represents the
medianALTvalue.Thevertical lineateitherendoftheboxextendstothemostextremevalueor iscutoffat1.5timesthe IQR;observationsbeyondthiscutoff
are displayed as circles.

Table 2—Associations of MS at baseline with baseline ALT values and APRI scores using multivariable analysis

Variables

Baseline ALT (n = 734) Baseline APRI score (n= 687)

Ratio* 95% CI P value Ratio* 95% CI P value

MS (vs. no MS) 1.10 0.97–1.26 0.14 0.89 0.79–1.02 0.09

Age, per decade (years) 0.99 0.95–1.04 0.69 1.08 1.03–1.13 0.0006

Female sex (vs. male sex) 0.70 0.63–0.77 ,0.0001 0.76 0.69–0.84 ,0.0001

Race (vs. white)
Asian 0.93 0.79–1.10 0.39 0.91 0.77–1.07 0.24
Black 0.84 0.69–1.03 0.09 0.90 0.73–1.10 0.29
Other 0.83 0.61–1.14 0.25 0.92 0.68–1.26 0.61

Alcohol use in past 12 months (vs. none)
Moderate 1.00 0.91–1.09 0.97 1.06 0.93–1.19 0.39
At risk 1.04 0.90–1.20 0.62 1.05 0.86–1.28 0.66

Birth and immigration status (vs. foreign-born and
immigrated#20 years ago)

Born in U.S./Canada or foreign-born and immigrated.20
years ago 0.94 0.85–1.05 0.29 0.92 0.83–1.02 0.10

Foreign-born but unknown date of immigration 1.03 0.79–1.33 0.85 1.02 0.80–1.30 0.89

Family history of diabetes (vs. none) 1.08 0.98–1.20 0.12 1.01 0.91–1.12 0.87

Log10HBV DNA (IU/mL) 1.14 1.11–1.18 ,0.0001 1.10 1.07–1.14 ,0.0001

HBeAg positive (vs. negative) 0.93 0.79–1.10 0.39 1.07 0.91–1.25 0.44

*FactorbywhichthemeanALTvalueorAPRIscorediffers forthecomparatorvs. thereference.Forexample,thebaselineALTinwomenis,onaverage,70%of
that in men with all other factors kept constant, and the mean baseline APRI is 10% higher in people with a 1 log10 higher HBV DNA level.
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higher than that in other HBeAg-negative
groups with chronic HBV infection. An-
other important finding was an associa-
tion between MS at baseline and higher
ALT levelsovertime,evenaftercontrolling
for patient and viral factors including age,
sex, HBV DNA levels, and HBeAg status.
This relationship was stronger among
those with persistent MS status. While
the difference in the absolute values of ALT
wasnumerically small in thosewithMSand
thosewithoutMSover time (e.g., at year 1,
median ALT 34.5 vs. 30.0 units/L; at year 2,
median ALT 32.5 vs. 29 units/L; at year 3,
median ALT 28.0 vs. 26.5 units/L), it is
recognized that small changes may lead to
patients with chronic HBV infection falling
within versus outside the cutoff values rec-
ommended by treatment guidelines for
the initiationof antiviral therapy (14,22,23).
AASLD guidelines recommend the use

ofALT levels$23ULN(theULNforALT in
healthy adults is defined as 30 units/L for
malesand19units/L for females)asoneof
the criteria for HBV therapy (14). The risks
and benefits of treatment versus obser-
vation in persons who are in the “gray
zone,” with ALT 1–23 ULN and low HBV
DNA level, have not been well defined.
Thus it is recommended that the severity
of liver disease (defined by biopsy or non-
invasive testing for fibrosis) be considered
in treatment decisions for patients in the
gray zone (14). Our results highlight the

contributionofMStomodestALTchanges
and call attention to the need for clini-
cians toconsidermetabolicprofileswhen
interpreting changes in ALT. In addition,
identification and optimal management
(includinglifestylemodificationandweight
loss) of commonmetabolic abnormalities
such as diabetes and hyperlipidemia are
critical for those with coexisting HBV
disease. In our study, a larger proportion
of participants withMS (23% vs. 16%with
no MS) received HBV therapy. Although
the reasons for treatment initiationper se
were not assessed, it is possible that a
higherpercentageofparticipantswithMS
met theALT criterion for initiating therapy
despite HBV DNA levels that may have
been below the guideline cutoff or within
the gray zone. Alternatively, participants
with MS may have had more persistent
ALT elevations that prompted a higher
rate of treatment initiation when HBV
DNA criteria were met.

A significant association was not ob-
served between the presence ofMSand a
surrogatemeasureofliverdiseaseseverity
(APRI score) at baseline and upon follow-
up. Several potential explanations are
available for this lack of association. First,
our follow-up duration may be insuffi-
cient todetectmodest changes infibrosis.
The HBRN Adult Cohort Study excluded
patients receiving antiviral therapy at
enrollment, thereby selecting for patients

with less active or advanced liver disease.
Indeed, most participants hadmilder liver
disease (;90%hadanAPRI score,1.0) at
baseline. Second, while APRI has been
shown to accurately exclude advanced
fibrosis, it is not as accurate in differen-
tiating stages of fibrosis or in detecting
small changes in liverdisease severityover
time (24,25). Use of transient elastography
(13) or liver biopsy would have been a
more ideal means of capturing modest
changes in disease severity, but FibroScan
was not approved in the U.S. until 2013.
Among the subset with available liver
biopsies, however, the participants with
MS were more likely to have evidence of
concomitant fatty liver disease, including
highergradesof steatosis andhigher rates
of perisinusoidal fibrosis and steatohepa-
titis, compared with those without MS,
supportingourhypothesisthatconcomitant
MS contributes to higher ALT and greater
disease severity in chronic HBV infection.

A clear association exists between
chronic hepatitis C infection with diabe-
tes and insulin resistance (26), and this in
turn likely provides the linkage with MS.
By contrast, the relationship between
HBV infection and MS remains inconclu-
sive;while some studies show a positive
association, most show no or inverse
associations (10,27–30). Obesity, diabe-
tes, MS, and HBV infection have all been
associated with an increased risk for

Table 3—Associations of MS at baseline with baseline and longitudinal ALT values and APRI scores using multivariable analysis*

Variables

Baseline and longitudinal
ALT levels (n = 734)

Baseline and longitudinal
APRI scores (n = 687)

Ratio† 95% CI P value Ratio† 95% CI P value

MS (vs. no MS) 1.12 1.02–1.22 0.02 0.91 0.82–1.01 0.06

Age, per decade (years) 1.00 0.97–1.03 0.87 1.08 1.04–1.12 ,0.0001

Female sex (vs. male sex) 0.73 0.68–0.78 ,0.0001 0.81 0.76–0.88 ,0.0001

Race (vs. white)
Asian 0.89 0.79–1.00 0.052 0.81 0.77–0.99 0.03
Black 0.87 0.75–1.00 0.056 0.84 0.71–0.98 0.03
Other 0.94 0.76–1.17 0.59 0.99 0.78–1.26 0.95

Alcohol use in past 12 months (vs. none)
Moderate 1.00 0.92–1.10 0.92 1.01 0.92–1.11 0.84
At risk 1.05 0.91–1.21 0.52 1.03 0.88–1.21 0.67

Birth/immigration status (vs. foreign-born and
immigrated#20 years ago)

Born in U.S./Canada or foreign-born and immigrated.20
years ago 0.95 0.88–1.03 0.20 0.99 0.91–1.07 0.71

Foreign-born but unknown date of immigration 0.98 0.81–1.18 0.83 0.94 0.77–1.14 0.53

Family history of diabetes (vs. none) 1.03 0.96–1.11 0.36 0.98 0.91–1.06 0.65

Log10 HBV DNA (IU/mL)‡ 1.21 1.20–1.22 ,0.0001 1.16 1.15–1.18 ,0.0001

HBeAg positive (vs. negative) 0.85 0.78–0.93 0.0006 0.91 0.82–1.00 0.0500

*Analysiswas also controlled for duration of follow-up, receipt of HBV therapy, and duration of HBV therapy. †Factor bywhich themeanALT value or APRI
score differs for the comparator vs. the reference. ‡Measured at baseline and longitudinally.
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cirrhosis and HCC (31,32). In addition,
certain components of MSdnamely,
diabetes and/or insulin resistancedare
also associated with overall mortality in
chronic HBV infection (4). These findings
suggest that MS and its pathogenesis are
important to HBV disease, but further
longitudinal follow-up of these patients is
required to understand better the mech-
anisms by which MS can influence the
natural history of HBV.
This study has several limitations. We

used the standard definition of MS that
requires the presence of at least three of
five clinical and laboratory components,
but ;50% of our participants had to be
excluded from the analysis because data
were missing for two or three of these
components. However, no differences
were found in age, sex, race, and liver
fibrosis (APRI) between participants in-
cluded in this analysis and those excluded
because of missing data related to ascer-
tainment of MS. Contrary to our expect-
ations, thepresenceofMSatbaselinewas
not associated with baseline serum ALT
values or APRI scores. Thismay reflect the
selection criterion of not receiving treat-
ment at study entry, thereby potentially
excluding participants with more ad-
vanced fibrosis or active chronic HBV
infection, for whom antiviral therapy is
recommended. Also, we anticipated that
both MS and HBV would influence ALT
levels at baseline, given that participants
were not receiving HBV treatment at
enrollment. However, longitudinal ALT
data that showed an association between
MS and higher ALT over time included
participants who received HBV therapy,
and longitudinal analyses controlled for
receipt ofHBV treatment. Thus, by adjust-
ing for treatment (which was not possible
at baseline),MS is likely tomake a greater
contributiontothe longitudinalALTvalues
than to those at baseline. Another limita-
tion of this analysis is that only a limited
number of participants had undergone a
liverbiopsyasastandardofcare, requiring
reliance on APRI score as a surrogate
measure of liver fibrosis. It is reassuring,
however, that in the subsetofparticipants
who had a liver biopsy, we confirmed that
features of steatosis, steatohepatitis, and
perisinusoidal fibrosis were more preva-
lent in participants with MS. Last, the
median duration of follow-up of 3.7 years
was too short to fully appreciate the
impact of MS on the progression of
HBV-related liver disease. Nevertheless,

this is to our knowledge the largest mul-
tiethnic North American cohort with de-
tailed demographic, clinical, and virologic
parameterstobeprospectivelymonitored
for objective evidence of liver disease
progression over time.

In conclusion, approximately one in
fourNorthAmericanpatientswithchronic
HBV infection has MS. In evaluating the
natural history of the disease in patients
with untreated chronic HBV infection, we
foundMS to be independently associated
with higher ALT levels over time. While
absolute increases in ALT values were
modest, they may be of clinical conse-
quence in persons with ALT values at or
near the threshold for consideration of
antiviral therapy. Understanding the im-
pact of MS on clinically important end
points such as cirrhosis requires a longer
durationof follow-up,andourmultiethnic
population, representative of North Amer-
ican patients with chronic HBV infection,
will be useful in this endeavor.
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