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Abstract
Background & Aims—Liver disease has been associated with cardiovascular disorders, but
little is known about the relationship between serum levels alanine aminotransferase (ALT) and
markers of atherogenesis. We investigated the relationship between low–normal and high–normal
levels of ALT and an extended panel of cardiovascular risk factors among individuals with no
known diseases in a primary care setting.

Methods—We performed a retrospective analysis of data collected from 6442 asymptomatic
patients at wellness visits to a primary care setting in central Virginia from 2010 through 2011.
Serum levels of ALT were compared with levels of lipids and lipoproteins, as well as metabolic,
inflammatory, and coagulation-related factors associated with risk for cardiovascular disease.

Results—Serum levels of ALT were >40 IU/l in 12% of subjects, and in the high–normal range
(19–40 IU/L in women and 31–40 IU/L in men) in 25% of subjects. Level of ALT was associated
with level of ApoB, concentration and particle size of very low-density lipoproteins (VLDL),
concentration of LDL particles (LDL-P), and percentages of small dense LDL (sdLDL) and
sdLDL-cholesterol (SdLDL-C) (P<.0001 for all). High–normal level of ALT was associated with
higher levels of LDL-cholesterol, LDL-P, sdLDL-C, and sdLDL particles (P<.001 for all). These
effects were independent of age, body mass index, or hyperinsulinemia. Increasing levels of ALT
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and fasting hyperinsulinemia (> 12 mIU/ml) synergized with increasing levels of triglyceride,
VLDL particles, LDL-P, sdLDL-C, and percentage of sdLDL-C. Levels of APOA1, HDL-
cholesterol, and HDL-class 2 were inversely associated with serum level of ALT (P<.0001 for all).

Conclusion—In an analysis of asymptomatic individuals, increased serum levels of ALT (even
high–normal levels) are associated with markers of cardiovascular disease.
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INTRODUCTION
Chronic liver disease is widely prevalent the general population (1). Nonalcoholic fatty liver
disease (NAFLD), viral hepatitis and alcohol-induced liver disease are the most common
causes of chronic liver disease. NAFLD affects about a third of the general population (2, 3).
Chronic liver diseases often remain clinically silent until they become advanced and thus
remain undetected for long periods of time. An elevated alanine aminotransferase (ALT)
level is a common laboratory marker for underlying chronic liver disease. The ALT level is
associated with gender and body mass index (BMI), a risk factor for NAFLD, in the general
population (4). Also, a high normal ALT has been shown to be associated with increased
liver-related mortality (5). These have led to a proposal to redefine the upper limit of normal
ALT as 19 IU/l for women and 31 IU/l for men (5).

The liver plays a central but often underappreciated role in lipoprotein biology. Lipoproteins
are critically involved in atherogenesis and cardiovascular disease, the leading cause of
death in the general population (6). Triglycerides and cholesterol are packaged with
apolipoprotein B (ApoB) in very low-density lipoproteins (VLDL) and exported from the
liver. Triglycerides in VLDL are hydrolyzed by lipoprotein lipase in peripheral tissues
leaving behind cholesterol-enriched intermediate density lipoproteins (IDL). These undergo
additional modification, including action by hepatic lipases, to form low density lipoproteins
(LDL) of varying size containing mainly cholesterol. Small dense LDL (sdLDL) particles
are highly atherogenic (7, 8). High density lipoproteins (HDL) include apolipoprotein A
(ApoA) and mediate reverse cholesterol transport by moving cholesterol from blood vessels
back to the liver for clearance.

Historically, cardiovascular risk has been assessed by total-, LDL- and high density
lipoprotein (HDL)-cholesterol and triglyceride levels. It is now appreciated that these do not
fully capture cardiovascular risk and that lipoprotein particle size and characteristics along
with inflammatory and metabolic markers more fully define the cardiovascular risk profile
(7, 9–14). Specifically sdLDL cholesterol has been shown to be particularly atherogenic
while medium-to-large HDL particles are protective.

Elevated ALT has recently been associated with cardiovascular disease, apolipoprotein B
(apoB) and apoB:apoA-1 ratio, LDL and VLDL particle size (15). However, the relationship
between ALT and small dense LDL-cholesterol (sdLDL-C), percent-small dense LDL-C (%
sdLDL-C), HDL subclass II cholesterol (HDL2-C), and lipoprotein (a) mass (Lp(a)) were
not studied. The levels and impact of other known cardiovascular risk factors that are often
present concomitantly such as vitamin D, thyroxine stimulating hormone (TSH),
homocysteine, and phospholipase A2 (PLA2), were also not evaluated. Furthermore, the
potential interactions between ALT and these factors in driving the risk profile are unknown.
Importantly, the relationship of high-normal ALT to cardiovascular risk factor profile
remains unclear.
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We hypothesized that, in a general population of apparently healthy individuals, both a high-
normal and high ALT level would have a poorer cardiovascular risk factor laboratory profile
than those with a low normal ALT independent of BMI and insulin resistance. We therefore
performed a study with the following aims: (1) to define the relationship of ALT with
lipoprotein size and characteristics, inflammatory and metabolic risk factors in an
asymptomatic ambulatory population in a community-based primary care setting, (2) to
determine if this relationship was independent of associated BMI and insulin resistance, and
(3) to determine whether the impact of ALT was additive or synergistic with
hyperinsulinemia, a marker of insulin resistance.

MATERIALS AND METHODS
A retrospective analysis of a cohort of asymptomatic subjects without any known acute or
chronic medical illness undergoing an annual wellness visit in a community-based primary
care setting across central Virginia was performed. The advanced cardiovascular profile
ordered by primary care physicians as part of this assessment was analyzed by Health
Diagnostics Laboratories (HDLINC), a commercial diagnostic laboratory. All tests were
performed using well-established methods. HDLINC. maintains de-identified data on all the
samples collected including laboratory results, ICD-9 codes and basic demographics
information. Patient level data were extracted from the de-identified database. The data was
provided to the investigators by HDLINC, under a materials transfer agreement with the
investigators’ institution and analyzed entirely by the lead and senior investigators who are
fully responsible for the data and conclusions. The manuscript was written in its entirety by
the investigators. Given the anonymous nature of the dataset, this study met criteria for
exemption from a full Institutional Review Body (IRB) review.

1. The Study Population
The inclusion criteria included asymptomatic subjects undergoing a wellness visit with their
primary healthcare provider in a community-based, ambulatory clinical setting. Only data
from adults were obtained for this analysis because the number of children receiving such
tests was too low for meaningful analysis. Those with known heart disease, type 2 diabetes,
hypertension, dyslipidemia and chronic liver disease were excluded. These exclusions were
selected to avoid their potential confounding effects, especially the use of lipid-lowering
agents e.g. statins, on the endpoints of interest and to allow easier assessment of the linkage
between ALT and cardiovascular risk parameters. Also, those with an ALT level > 100 IU/L
were excluded because some of these subjects could have had acute liver injury, which was
not the focus of this study.

Serum ALT levels were classified into the following three groups:

I. Low-normal ALT: Less than 19 IU/L in women and less than 31 IU/L in men

II. High normal ALT: Between 19–40 IU/L in women and 31–40 IU/L in men

III. Elevated ALT: Greater than 40 IU/L in either men or women

2. Laboratory-based Cardiovascular Risk Factors measured
The specific tests performed and the literature supporting their linkage to cardiovascular
risks is listed below:

Lipids, Lipoprotein characteristics and subparticles: A description of lipoprotein
measurements is described further in supplemental material and methods section.
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Low-density lipoproteins (LDL): LDL-cholesterol (LDL-C), LDL particle
concentration (LDL-P) and size, small dense LDL-cholesterol (sdLDL-C), sdLDL
particle concentration, % sdLDL-C, apolipoprotein B (apoB) (7, 8, 10, 14).

High density lipoproteins (HDL): HDL-cholesterol (HDL-C), HDL particle and
concentration (HDL-P), subclass 2 HDL-C (HDL2-C), apolipoprotein A-1 (apoA-1)
(12, 16). HDL2 refers to medium sized HDL particles.

Very low density lipoproteins (VLDL): serum triglycerides, VLDL particle size,
VLDL particle concentration (VLDL-P) (17).

Miscellaneous: total cholesterol, lipoprotein (a) (Lp(a)) mass and cholesterol
concentration, apoB:apoA-1 ratio (calculated value) and desmosterol: total cholesterol
ratio(17, 18).

Insulin resistance-related markers: Insulin resistance was quantitated by measuring
serum concentrations of fasting insulin, glucose, free fatty acids (FFA), and hemoglobin
A1c (HbA1C). A fasting insulin level > 12 mIU/ml was taken as the principal parameter
for analysis of the linkage between insulin resistance and ALT (19). Insulin levels
contribute principally to variability in models of insulin resistance such as the
homeostatic model and are a validated marker of insulin resistance in non-diabetic
individuals (20).

Inflammatory markers: These included serum fibrinogen, high sensitivity C-reactive
protein (hsCRP), myeloperoxidase, and lipoprotein associated phospholipase A2 (Lp-
PLA2) (11, 21, 22).

Metabolic: These included serum folate, red cell folate, homocysteine, vitamin B12,
vitamin D, and thyroxine stimulating hormone (TSH) (22, 23).

3. Liver fat assessment
The presence of hepatic steatosis was assessed by a previously validated formula, as follows
(24):

A value of > −0.64 has been previously shown to correlate with hepatic steatosis (> 5%
triglycerides), as assessed by magnetic resonance-spectroscopy, with a sensitivity of 86%
and specificity of 71%.

4. Plan of analysis
The objective of the analysis was to evaluate the relationship of ALT with conventional lipid
markers, lipoprotein particle characteristics, subparticles, markers of inflammation, and
metabolic parameters. Means and standard deviations (SD) were used to show differences
across the ALT quartiles and various subgroups. The levels of these parameters across
various quartiles of ALT were compared by one-way analysis of variance (ANOVA) with
Tukey’s HSD adjustment for multiple comparisons. Linear regression was used to determine
the strength of the relationship between ALT and other parameters. To ascertain if serum
ALT concentrations were independently associated with serum lipoprotein abnormalities, a
step-wise multiple regression analysis was performed using the following known risk factors
for cardiovascular disease as covariates: age, BMI, hemoglobin A1c, insulin levels,
homocysteine, thyroid stimulating hormone and vitamin D. A separate comparison was
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performed where ALT was categorized as low-normal ALT, high-normal ALT or elevated
ALT.

In order to determine if ALT levels and insulin resistance had additive or synergistic effects
on the cardiovascular risk factors, the levels of the risk factors were compared across four
groups: (1) insulin-sensitive subjects (fasting [insulin] ≤ 12 mIU/ml) with low-normal ALT,
(2) insulin-sensitive subjects with high normal or elevated ALT, (3) insulin-resistant
subjects with low-normal ALT, and (4) insulin-resistant subjects with high normal or
elevated ALT. A P value < .05 was considered significant.

RESULTS
A total of 6551 consecutive subjects having a wellness visit in an outpatient ambulatory care
setting had data entered into the database from 2010–2011. Of these, 53 subjects were
excluded because they had serum ALT levels > 100 (U/L). Most subjects were between 40–
65 years of age (mean age 58 years) and 52% of the cohort was male (Table 1). The majority
of subjects were either obese (42%) or overweight (38%), while lean individuals comprised
a minority (20%) within the cohort. Obese subjects were slightly younger than their lean and
overweight counterparts.

Relationship of ALT with lipid, inflammatory, and metabolic risk factors
There was a direct linear relationship between ALT and VLDL size and % sdLDL (Fig. 1a–
b). VLDL size was directly related to % sdLDL (Fig. 1c). The desmosterol:cholesterol ratio,
a marker of hepatic cholesterol synthetic activity (18), was also directly related to ALT
levels (Fig. 1d). For each BMI category (lean, overweight, and obese), LDL-P and %
sdLDL-C was higher in those with an ALT greater than low normal values (Figure 1d–e).

Thirty eight percent (n=2463) of the total cohort had a high-normal or elevated ALT level.
Of these, 1703 (25% of total cohort) had high-normal ALT while 760 subjects (12% of the
total population) had an ALT between 40–100 IU/L. Those with high-normal ALT or
elevated ALT had a higher triglyceride, VLDL-P, ApoB:ApoA ratio, LDL-C, % sdLDL,
sdLDL-C and sdLDL-P (P<.001 for all) compared to those with low normal ALT (Table 1).
BMI, serum insulin concentrations, glucose and HbA1C were all also higher in those with
high normal or elevated ALT. HDL and HDL2 were lower in those with elevated ALT
compared to those with low normal or high normal ALT. Of note, fibrinogen levels were
also lower in those with elevated ALT compared to the other groups.

1. Independent contribution of ALT to variability in lipids and lipoproteins—To
further determine the impact of age, BMI, HBA1C, TSH, Vitamin D, homocysteine, and
fasting insulin as potential confounding variables that could be responsible for the observed
relationship between ALT and various lipids/lipoproteins, univariate analysis was first
performed to assess their relationship with the endpoints of interest (Table 2).
Hyperinsulinemia was particularly associated with triglycerides, VLDL size, VLDL-P, and
% sdLDL-C. The HbAIC and homocysteine levels were directly related, while vitamin D
levels were inversely related, to % sdLDL-C. Stepwise multivariable regression analyses
demonstrated that ALT affected LDL-P, sdLDL-C, % sdLDL-C, VLDL size, VLDL-P, and
triglycerides independent of BMI and insulin resistance (Table 3). Age, fasting insulin, and
ALT levels also independently contributed to the levels of LDL-P, sdLDL-C, VLDL size,
VLDL-P, and triglyceride levels (Table 3). In order to further evaluate the impact of age on
the atherogenic profile the entire cohort was divided into 3 age groups; age group 1 (ages
18–39), age group 2 (ages 40–59), and age group 3 (ages 60+). The atherogenic risk profile
was more favorable in age group 3 compared to both age groups 1 and 2 (Supplemental
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Table 1) further confirming that age alone did not drive the differences in cardiovascular
risk parameters in those with low normal versus higher levels of ALT.

2. Interactions between ALT, insulin resistance, and liver fat as drivers of
lipoprotein profile—The liver fat scores increased progressively from the lowest to the
highest ALT quartile (Supplemental Table 2 and Figure 2A). Also, the proportion of
subjects with values over −0.64 increased progressively from the lowest (15%) to highest
quartile (58%). As expected, the mean liver fat score was lowest in those with low normal
ALT (P <.001). Thirty-one percent of subjects with normal insulin concentrations had an
elevated ALT compared to 47% of the hyperinsulinemic population (P <.0001) (Table 4).
Also, 86% of those with elevated ALT and hyperinsulinemia had liver fat scores above the
cutoffs for hepatic steatosis.

For the group as a whole, those with a liver fat score greater than −0.64 had higher insulin
levels, VLDL size, LDL-P, sdLDL-C, and % sdLDL-C, and lower levels of HDL2-C (P <.
0001 for all) (Figure 2B-F). In the “higher risk” groups i.e. high normal or elevated ALT and
hyperinsulinemia, elevated liver fat score was however associated with higher levels of
serum triglycerides, VLDL-size and VLDL-P only. The liver fat score was also directly
related to the desmosterol: total cholesterol ratio, a marker of cholesterol synthetic activity
which is increased in NAFLD (18).

Compared to individuals with normal insulin and low-normal ALT levels, both higher ALT
(high normal and elevated ALT) and hyperinsulinemia were separately associated with
increased LDL-P, sdLDL-C, % sdLDL-C, triglycerides, and VLDL size (Table 4 and Fig.
3). However, when both hyperinsulinemia and ALT above low-normal values were present,
there was a synergistic worsening of these laboratory parameters. In hyperinsulinemic
subjects, ALT levels did not significantly affect HDL-related parameters. These
relationships held true when lean, overweight, and obese subjects were analyzed separately.

DISCUSSION
There is a growing appreciation that chronic liver disease affects cardiovascular outcomes.
Based on conventional thresholds (> 40–50 IU/L), prior studies have demonstrated an
association between elevated ALT (15, 25–27) and several lipids associated with
cardiovascular risk, but did not account for many concomitant factors that could also affect
these endpoints. Also, these studies did not specifically evaluate the impact of high-normal
ALT (> 19 IU/l for women and 31 IU/l for men but < 40 IU/l for both) on cardiovascular
risk factors. Furthermore, they did not clarify the interactions between ALT levels and such
factors in predicting levels of lipids and lipoproteins known to affect cardiovascular risk.
The current study fills these gaps and demonstrates that ALT levels are independently
associated with numerous lipoprotein abnormalities and synergize with hyperinsulinemia to
adversely impact laboratory biomarkers of cardiovascular risk.

Two key findings of this study are (1) the high prevalence of ALT levels above 19 IU/L for
women and 31 IU/L for men but within the upper limits of normal (~ 40 IU/L) and (2) their
association with worsening of multiple laboratory parameters reflective of cardiovascular
risk. sdLDL-C was higher in those with ALT above low normal values. Specifically sdLDL-
C > 30%, a threshold value for increased cardiovascular risk (28), was present in 26% of
those with low normal ALT versus 36% in high normal ALT versus 45% in the elevated
ALT group. Together with the existing literature on the impact of such ALT levels on liver-
related mortality (5), these data indicate that current cutoffs for the upper limit of normal for
ALT are suboptimal and support their revision downwards.
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The metabolic syndrome is classically associated with decreased HDL-C and increased
triglycerides (29). The current study demonstrates that when combined with elevated ALT,
the dyslipidemic profile is extended to include increased LDL-P, sdLDL-C, % sdLDL-C,
and sdLDL-P, further worsening the cardiovascular risk profile. The principal clinical
implication of this study therefore is that mild ALT elevations and even high-normal ALT in
asymptomatic subjects may be a marker for higher cardiovascular risk, a concept now
requiring prospective validation in longitudinal studies. Also, this increase cannot be gauged
by the LDL-C alone (Table 1). It is already established that increasing sdLDL and LDL-P
are associated with poorer cardiovascular outcomes (28, 30).

Much of the literature on the utility of expanded analysis of cardiovascular risk factors has
focused on those with known heart disease, type 2 diabetes, or other high-risk clinical
profiles (7, 8, 14). Many cardiovascular deaths, however, continue to occur in otherwise
asymptomatic subjects (6, 31). The specific subpopulations most likely to be at high risk and
who could potentially benefit from intervention remain to be defined. The current study,
focusing on asymptomatic subjects in the general population, showed that even a high-
normal ALT and mild ALT elevations are associated with worsening of this profile, and may
serve to identify those more likely to have a high-risk expanded profile, and potentially
benefit from such testing. The value of such a strategy now awaits prospective validation.

An important question is: what is the mechanism by which ALT elevation translates into
increased sdLDL-C, % sdLDL-C, and sdLDL-P, and what is the basis for the synergistic
worsening of these parameters when hyperinsulinemia and ALT elevation are present? It is
known that incomplete peripheral lipolysis of large VLDL particles over-enriched with
triglycerides leads to more sdLDL particles, which carry a disproportionately larger amount
of LDL-C (32–34). In this study, ALT levels were directly related to VLDL-P and size,
which were in turn related to sdLDL-C, % sdLDL-C and, sdLDL-P. ALT levels were also
directly related to the desmosterol: total cholesterol ratio, a marker of cholesterol synthetic
activity (18). This suggests that ALT elevations are associated with increased hepatic
triglyceride and cholesterol output in VLDL particles, which drive the changes in sdLDL.

The principal limitation of this study is that the specific etiology of elevated ALT was not
available. However, the data do clearly demonstrate that even in the absence of such
information, there is a clear and robust relationship between ALT and laboratory markers of
cardiovascular risk. Hepatic fat content is also directly related to ALT values (24). The
direct relationship between liver fat scores and ALT in this study is compatible with the
possibility that many subjects with high normal or elevated ALT had underlying NAFLD.
NAFLD is known to be associated with increased de novo lipogenesis, triglyceride output,
and cholesterol synthesis (18, 35). HMG-CoA reductase expression is also linked to LDL-C
in subjects with NAFLD (18, 36). Insulin resistance is commonly associated with NAFLD
and hyperinsulinemia which drives de novo lipogenesis (37, 38). The observed relationships
between ALT and liver fat scores on the one hand, and high VLDL-P on the other, support
the possibility that the synergistic effects of ALT and hyperinsulinemia on sdLDL reflect
underlying NAFLD.

Most of the subjects were also middle aged and most were obese or overweight potentially
limiting the generalizability of the data. It is however unlikely that this BMI distribution
substantially biased the conclusions of this study because the data were consistent across
lean, overweight, and obese subjects.

It is also interesting to note the consistent inverse relationship between ALT and several
markers of systemic inflammation. These findings are somewhat counter-intuitive given that
age, BMI, and insulin resistance all increased with increasing ALT. If hepatic fat
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accumulation and lipid metabolic changes precede activation of innate immune pathways
and vascular inflammation, it could potentially explain these findings in this asymptomatic
population without diabetes, hypertension, or other major co-morbidities who are likely to
be in an earlier stage of the insulin resistance syndrome. This however requires prospective
validation.

In summary, we demonstrate a high prevalence of modestly elevated ALT and
hyperinsulinemia (> 12 mIU/ml) in an asymptomatic population drawn from an ambulatory
community health care setting. These tests have a synergistic adverse effect on several
advanced laboratory biomarkers reflective of cardiovascular risk. The mechanisms of such
synergy and their long-term consequences await direct evaluation. However, these data
further support the lowering of the ULN of ALT to < 19 IU/L for women and < 31 IU/L for
men.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Serum ALT levels are directly related to very low density lipoprotein (VLDL) size (Figure
1A), % small dense LDL cholesterol (sdLDL-C) (Figure 1B), and desmosterol:cholesterol
ratio (Figure 1D) in an apparently healthy population. Percent sdLDL-C is directly related to
VLDL size (Figure 1C). Percent sdLDL-C and LDL-particle concentrations (LDL-P)
increase from lean to overweight to obese cohorts (P <.001) (Figure 1D & 1E). Although %
sdLDL-C and LDL-P were similar between overweight and obese individuals with normal
ALT, they increased dramatically in those with elevated ALT (P <.01). (*P <.05 between
normal and elevated ALT). All data represented as means ± S.E.M. Elevated ALT is defined
as > 19 U/L in women and >31 U/L in women.
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Figure 2.
Liver fat score progressively increase from lowest ALT quartile (Q1) to the highest ALT
quartile (Q4) (Figure 1A). LDL particle concentration (Figure 2B), % small dense LDL
cholesterol (Figure 2C), VLDL size (Figure 2D), and small density LDL-cholesterol (Figure
2E) are increased in individuals with elevated liver fat across the three ALT groups. HDL-
subclass 2 cholesterol (Figure 2F) is lower in individuals with increased liver fat scores.
Low-normal (Low-Nml) ALT defined as ALT < 19 U/L in women and < 31 U/L in men,
elevated ALT is defined as ALT > 40 U/L and high-normal (High-Nml) is any ALT values
between these two groups. All data represented as means ± S.E.M. (*P <.001 between
normal and increased liver fat)
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Figure 3.
Presence of elevated ALT was associated with worsening expanded cardiovascular profile in
both individuals with normal or elevated serum insulin concentrations. There was a
synergistic increase seen in serum LDL particle concentrations (LDL-P), small dense LDL
cholesterol (sdLDL-C), % small dense LDL-C, and small dense LDL-particle concentrations
(sdLDL-P) in individuals with both elevated insulin and elevated ALT concentrations. The
increase in VLDL size was additive in individuals with elevated ALT and insulin
concentrations. (*P <.001 elevated ALT vs elevated insulin; ** P <.001 elevated insulin vs.
elevated insulin and elevated ALT). Elevated ALT is defined as > 19 U/L in women and
>31 U/L in women.
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Table 4

Impact of the elevated ALT and hyperinsulinemia on expanded cardiovascular risk profile. Elevated ALT
(>19 U/L in women and >31 U/L in men) is associated with a worse serum cardiovascular risk profile in both
normal and individuals with hyperinsulinemia (*P <.05 between normal vs elevated ALT; ** P <.05 between
elevated insulin and elevated insulin and elevated ALT levels; ‡P <.05 between elevated ALT and elevated
insulin with normal ALT levels.) All data presented as mean ± S.D.

NORMAL INSULIN LEVELS ELEVATED INSULIN LEVLES

Normal ALT
Mean ± S.D.

Elevated ALT
Mean ± S.D.

Normal ALT
Mean ± S.D.

Elevated ALT
Mean ± S.D.

DEMOGRAPHICS

Age (years) 59±14 57±13* 60±14‡ 55±12**

BMI (kg/m2) 28±5 28±5 32±6‡ 33±6**

Gender (%male) 55 39* 63‡ 45**

ALT (U/L) 18±6 35±14* 19±6‡ 39±16**

INSULIN RESISTANCE

Free Fatty Acids (mmol/L) 0.65±0.25 0.68±0.26* 0.61±0.28‡ 0.70±0.28**

Insulin (uU/mL) 6.9±2.4 7.3±2.4 23±18.6‡ 26.1±26.8**

TRADITIONAL FACTORS

HDL-C (mg/dL) 54±14 57±15* 47±11‡ 47±11

LDL-C (mg/dL) 97±32 97±33 91±31‡ 99±35**

Triglycerides (mg/dL) 111±63 127±173* 151±124‡ 177±144**

Total Cholesterol (mg/dL) 182±42 187±45* 171±41‡ 184±48**

VLDL

Apolipoprotein-B (mg/dL) 86±24 88±26 85±24‡ 94±28**

VLDL-P (nmol/L) 2±2.9 3±6.2* 4.3±7.6‡ 6.1±10.1**

VLDL size (nm) 44.8±5.2 46.3±6* 48.5±5.9‡ 50.1±6.4**

LDL

LDL-P (nmol/L) 1447±522 1477±560 1518±525 1676±590**

Small-dense LDL-C (mg/dL) 24.6±11.3 26.5±13.6* 25.7±11.8 30.8±14.9**

% Small-dense LDL-C 25.3±7.3 27.2±13.4* 28.2±8.9‡ 31±10**

Small dense LDL-P (nmol/L) 695±431 711±482 852±442‡ 972±508**

HDL

Apolipoprotein-A1 (mg/dL) 152±30 159±32* 140±26‡ 142±27**

HDL-2 (mg/dL) 13±6.1 13.7±6.8* 10.9±5.1‡ 10.9±5.2

MISCELLANEOUS

ApoB:Apo-A1 ratio 0.59±0.24 0.58±0.21 0.63±0.21‡ 0.68±0.26**

Liver Fat Score −2.187±0.65 −1.449±0.608* 0.328±2.838‡ 1.4±3.57**

INFLAMMATORY
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NORMAL INSULIN LEVELS ELEVATED INSULIN LEVLES

Normal ALT
Mean ± S.D.

Elevated ALT
Mean ± S.D.

Normal ALT
Mean ± S.D.

Elevated ALT
Mean ± S.D.

Fibrinogen (mg/dL) 414±97 410±91 446±102‡ 430±94**

hs-C-Reactive Protein (mg/L) 2.9±6.5 2.8±5.8 4.6±7.2‡ 4.2±7.4

Myeloperoxidase (pmol/L) 448±160 460±162 481±170 484±167

METABOLIC

Homocysteine (umol/L) 12.5±5.1 11.6±4.1* 13.1±6.2‡ 11.9±4.3**
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