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Abstract
The biological basis of variability in histological progression of nonalcoholic fatty liver disease
(NAFLD) is unknown. Dehydroepiandrosterone(DHEA) is the most abundant steroid hormone
and has been shown to influence sensitivity to oxidative stress, insulin sensitivity, and expression
of peroxisome proliferator-activated receptor alpha and procollagen messenger RNA. Our aim was
to determine whether more histologically advanced NAFLD is associated with low circulating
levels of DHEA. Serum samples were obtained prospectively at the time of liver biopsy in 439
patients with NAFLD (78 in an initial and 361 in validation cohorts) and in controls with
cholestatic liver disease (n = 44). NAFLD was characterized as mild [simple steatosis or
nonalcoholic steatohepatitis (NASH) with fibrosis stage 0–2] or advanced (NASH with fibrosis
stage 3–4). Serum levels of sulfated DHEA (DHEA-S) were measured by enzyme-linked
immunosorbent assay. Patients with advanced NAFLD had lower plasma levels of DHEA-S than
patients with mild NAFLD in both the initial (0.25 ± 0.07 versus 1.1 ± 0.09 µg/mL, P < 0.001) and
validation cohorts (0.47 ± 0.06 versus 0.99 ± 0.04 µg/mL, P < 0.001). A “dose effect” of
decreasing DHEA-S and incremental fibrosis stage was observed with a mean DHEA-S of 1.03 ±
0.05, 0.96 ± 0.07, 0.83 ± 0.11, 0.66 ± 0.11, and 0.35 ± 0.06 µg/mL for fibrosis stages 0, 1, 2, 3,
and 4, respectively. All patients in both cohorts in the advanced NAFLD group had low DHEA-S
levels, with the majority in the hypoadrenal range. The association between DHEA-S and severity
of NAFLD persisted after adjusting for age. A relationship between disease/fibrosis severity and
DHEA-S levels was not seen in patients with cholestatic liver diseases.

Conclusion—More advanced NAFLD, as indicated by the presence of NASH with advanced
fibrosis stage, is strongly associated with low circulating DHEA-S. These data provide novel
evidence for relative DHEA-S deficiency in patients with histologically advanced NASH.

Nonalcoholic fatty liver disease (NAFLD) is the most prevalent form of liver disease in
North America and is an increasingly frequent cause of cirrhosis and liver failure.1–4
Although several factors have been associated with more advanced NAFLD, the biological
basis of the histological diversity of severity of NAFLD [i.e., why some patients develop
simple steatosis and others develop nonalcoholic steatohepatitis (NASH) with advanced
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fibrosis] remains unknown. More advanced NAFLD is characterized by insulin resistance,
5,6 oxidative stress,7 and advanced fibrosis. Although several relatively noninvasive
parameters have been identified as predictive of more advanced fibrosis stage in patients
with NAFLD,8 none has sufficient sensitivity or specificity to be of clinical utility to negate
the need for liver biopsy.9

We have previously reported the specific relative underexpression of scavengers of reactive
oxygen species, including superoxide dismutase, in patients with histologically advanced
NASH,10 suggesting a pretranscriptional basis of susceptibility to oxidative stress in
histologically advanced NAFLD. Dehydroepiandrosterone (DHEA) is a potential mediator
of reactive oxygen species scavenger synthesis11 and has also been reported to augment
insulin sensitivity12–15 and peroxisome proliferator activation.16,17 These observations,
together with a recent report of a high frequency of NASH with rapid progression to
cirrhosis in patients with panhypopituitarism,18 who are deficient in DHEA, led us to
hypothesize that DHEA levels may be low in patients with more advanced NAFLD. If found
to be differentially abundant across the histological spectrum of NAFLD, circulating DHEA
levels might be used for the identification of patients at risk for the development of NASH
with advanced fibrosis and provide a novel therapeutic target for NASH.

Patients and Methods
We studied the association of a broad range of parameters, including sulfated DHEA
(DHEA-S), with histological severity of NAFLD. The study was conducted in 2 phases. The
first phase involved a detailed analysis of a cohort of patients from a single center (Mayo
Clinic, Rochester, MN)in which DHEA-S, adipokines and other parameters were measured
(initial cohort). Once the initial cohort had been analyzed, confirmation of findings was
sought through a focused analysis of DHEA-S levels and liver histology in a separate group
of participants from 2 other academic medical centers in a blinded fashion for validation of
the observations made in the initial cohort.

Initial Cohort
A total of 122 participants at a single center were studied in the initial cohort, including:

1. Patients with liver biopsy demonstrating simple steatosis or NASH with fibrosis
stage 0–2 (mild group, n = 53).

2. Patients with liver biopsy demonstrating NASH with more advanced fibrosis
(advanced group, n = 25).

3. Subjects with other liver diseases (primary biliary cirrhosis and primary sclerosing
cholangitis, n = 44).

Validation Cohort
Following the initial analysis, a validation cohort was also studied from 2 separate academic
medical centers (Indiana University, n = 96; University of California, San Francisco, n =
265). The validation cohort comprised a total of 361 patients with NAFLD, grouped using
the same criteria as having either mild or advanced NAFLD.

The study was approved by the Mayo Institutional Review Board and all participants gave
written informed consent for participation in medical research. Participants with NAFLD
(mild and advanced NAFLD groups) in the initial cohort were recruited from patients seen
at the Hepatobiliary Clinic at Mayo Clinic, Rochester, MN, between January 2002 and
December 2004. Serum samples were obtained prospectively at the same time as liver
biopsies from participating patients who were scheduled to undergo liver biopsy for
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investigation of suspected liver disease (NAFLD or cholestatic liver disease). Patients with
NAFLD who had secondary causes of steatohepatitis (drugs), and patients with other
etiologies of chronic liver disease (excessive alcohol consumption, viral hepatitis (B, C),
hemochromatosis, Wilson’s disease, drug-induced liver disease, and alpha 1-antitrypsin
deficiency) were excluded from the study. Patients with cholestatic liver disease were
recruited as disease controls.

Participants with NAFLD (mild and advanced NAFLD groups) in the validation cohort were
recruited from patients seen at the Hepatobiliary Clinics at Indiana University and from the
Hepatobiliary Clinic and patients undergoing bariatric surgery at the University of
California, San Francisco.

Primary biliary cirrhosis was diagnosed based upon an antimitochondrial antibody of ≤1:40,
biochemical abnormalities, and a liver biopsy demonstrating histological features of primary
biliary cirrhosis (portal hepatitis with granulomatous destruction of the bile ducts). Stage 2 is
characterized by periportal hepatitis and bile duct proliferation. The presence of fibrous
septa or bridging necrosis is classified as stage 3 and cirrhosis as stage 4. The presence of
fibrosis or cirrhosis does indicate a worse prognosis than if no fibrosis is seen on biopsy.
Primary sclerosing cholangitis was diagnosed by the findings of multifocal stricturing and
dilation of intrahepatic and/or extrahepatic bile ducts on cholangiography, biochemical
abnormalities, and the presence of histological finding of fibrous obliteration of small bile
ducts.

A detailed alcohol consumption history was obtained from all participants. All participants
drank less than 20 g/day of ethanol. Diagnosis of diabetes mellitus was based on the
American Diabetes Association or World Health Organization criteria.

Liver Histology in NAFLD
Experienced liver pathologists who were blinded to the clinical data reviewed the liver
biopsy specimens. Patients with NAFLD were divided into mild [simple steatosis and
NASH (defined using the Brunt criteria19) with fibrosis stage 0–2] and advanced (NASH
with fibrosis stage 3–4). The fibrosis staging system was classified as follows: stage 0 = no
fibrosis, stage 1 = zone 3 predominant pericellular fibrosis, stage 2 = zone 3 fibrosis plus
periportal fibrosis, stage 3 = bridging fibrosis, stage 4 = cirrhosis. Scoring of steatosis
included both microvesicular and macrovesicular steatosis and was based on the percentage
area of the parenchyma that was fatty. Mild was considered less than 33%, moderate 33%–
65%, and advanced if greater than 66% was observed.

Adipokines and DHEA and Glucose
Leptin, resistin, adiponectin, C-reactive protein, and DHEA-S concentrations were measured
by radioimmunoassays using a commercial kit (Diagnostic Systems Laboratories, Webster,
TX) in blood drawn at the time of the liver biopsies. All analyses were carried out in blinded
fashion.

Plasma glucose concentrations were measured enzymatically with an auto-analyzer
(Beckman Instruments, Fullerton, CA).

Patient Characteristics
Patient age, sex, body mass index (BMI), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), AST/ALT ratio, total bilirubin, fasting glucose, triglycerides,
cholesterol, creatinine, hematological profile, detailed alcohol consumption history, smoking
history, and diagnosis of diabetes were all recorded.
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Statistical Methods
Continuous variables were summarized with means and standard deviations, while
categorical variables were summarized with frequencies and percentages. Continuous data
were analyzed using analysis of variance if normally distributed, or the nonparametric
Wilcoxon rank sums test if nonnormally distributed. The chi-squared test or Fisher’s exact
test was used for comparison of frequency data where appropriate. Linear and logistic
regression models were fit to correlate variables, including DHEA-S and adipokine levels
with clinical variables, and between patients with mild versus advanced NAFLD. The area
under the receiver operating characteristics (AUROC) curve was calculated for every model.
Subsequently, the accuracy of DHEA-S levels in separating patients with mild and advanced
NAFLD was determined by calculating sensitivity, specificity, and positive and negative
predictive values.

Results
Initial Cohort

Clinical, biochemical, and histological stage of disease in participants with NAFLD and
controls with chronic cholestatic liver disease are summarized in Table 1. Components of
the metabolic syndrome including increased BMI (and thus overweight and obesity), type 2
diabetes, hypertension, and low high-density lipoprotein cholesterol were significantly more
common in patients with NAFLD than in participants with cholestatic liver disease.
Participants with cholestatic liver disease had significantly higher levels of
aminotransferases, bilirubin, alkaline phosphatase, and total cholesterol, and lower albumin
levels when compared with NAFLD patients.

The histological characteristics of participants with NAFLD are shown in Table 2. Table 2
also summarizes the comparison between participants with mild and advanced NAFLD in
the training cohort. Mild and advanced NAFLD groups had similar proportions of men and
women. Participants in the advanced NAFLD group were significantly older, and were more
commonly obese and diabetic compared with participants with mild NAFLD. Participants
with advanced NAFLD had significantly lower levels of ALT, higher AST/ALT ratio, lower
albumin and hemoglobin levels, and lower platelet counts.

Participants in the advanced NAFLD group had lower levels of DHEA-S (1.11 ± 0.09 versus
0.25 ± 0.07 µg/mL, P<0.001), and higher levels of resistin (P=0.0008) and C-reactive
protein (P = 0.05). A “dose effect” of lower DHEA-S levels and fibrosis stage was observed
in patients with NAFLD, with mean DHEA-S levels decreasing with stepwise increases in
fibrosis stage. Conversely, levels of DHEA-S did not correlate significantly with severity of
the liver disease in participants with cholestatic liver disease (Fig. 1). Levels of DHEA-S
were not significantly different between participants with NAFLD and participants with
cholestatic liver disease (P = 0.9).

Mean DHEA levels were significantly lower in patients with steatohepatitis grades 2–4 than
0–1 (0.71 ± 0.19 versus 1.17 ± 0.24 µg/mL, P = 0.05).

As levels of DHEA-S are different between men and women and lower in older individuals,
DHEA-S levels were adjusted for age and sex. As expected, using simple linear regression,
DHEA-S levels were seen to significantly correlate with age (P < 0.0001) and sex (male >
female, P < 0.0001). Several multivariate logistic regression models were run in order to
determine the association of DHEA levels with the presence or absence of advanced
NAFLD while adjusting for the effect of age and sex. As illustrated in Table 3, the
unadjusted (model 1, Fig. 2) association of DHEA levels with severity of NAFLD remained
highly significant when adjusted by age (model 2) and age plus sex (model 3). The AUROC
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curve values of the models are shown in the last column of Table 3. The AUROC for DHEA
in separating patients with and without significant fibrosis was 0.83. This clearly indicates
that the biological association of DHEA levels with severity of NAFLD is independent of
age and sex. Almost all of the predictivity for histological severity of NAFLD could be
attributed to DHEA-S levels independent of age and sex.

In order to determine if the significant association of DHEA levels and more advanced
NAFLD was simply because patients with more advanced NAFLD had more metabolic
abnormalities, 2 additional multivariate logistic regression models were run (models 4 and 5
in Table 3). As illustrated in Table 3, DHEA levels remained highly significantly associated
with advanced NAFLD after adjusted by all components of the insulin resistance syndrome
(model 4) and when age and sex were added to those components as well (model 5). BMI
was the only variable independently associated with severity of NAFLD in models 4 and 5
but to a much lower degree than DHEA levels. Waist-to-hip ratio, with which DHEA levels
can vary, was not recorded in this study.

Validation Cohort
The validation cohort comprised a total of 361 patients (230 female) with NAFLD. A total
of 327 patients met criteria for mild NAFLD and 36 met criteria for advanced NAFLD.

As in the training cohort, mild and advanced NAFLD groups had similar proportions of men
and women. Participants in the advanced NAFLD group were older than participants with
mild NAFLD (51.3 ± 1.8 versus 44.5 ± 0.6 years, P < 0.0001). As in the training cohort,
levels of DHEA-S strongly correlated with histological severity of disease. Participants with
advanced NAFLD had significantly lower levels of DHEA-S compared with participants
with mild NAFLD (0.47 ± 0.06 versus 0.99 ± 0.07 µg/mL, P < 0.0001). To examine more
carefully for a simple age effect, we compared DHEA-S levels in patients with more
advanced NAFLD, age 40–65 years (mean age 53.1 ± 0.9 years), with patients with mild
NAFLD, age 40–65 years (mean age 49.8 ± 0.5 years, P value not significant). DHEA-S
levels were still significantly lower in patients with advanced NAFLD than in patients with
mild NAFLD (0.43 ± 0.05 versus 0.85 ± 0.04 µg/mL, P < 0.0005). As in the initial cohort, a
“dose effect” of lower DHEA-S and advanced fibrosis was observed with a mean DHEA-S
of 1.03 ± 0.05, 0.96 ± 0.07, 0.83 ± 0.11, 0.66 ± 0.11, and 0.35 ± 0.06 µg/mL for fibrosis
stages 0, 1, 2, 3, and 4, respectively. All patients with advanced NAFLD had physiologically
low levels of DHEA-S, with the majority in the hypoadrenal range.

Variation of fibrosis stage with age for NAFLD in the validation cohort is shown in Fig. 3.
The sensitivity of a DHEA-S value of >1.0 µg/mL for the presence of more advanced
NAFLD was 95% (57/60) and specificity was 58%.

Discussion
Although NAFLD is associated with many abnormalities, especially the metabolic syndrome
and insulin resistance/hyperinsulinemia occurring in the setting of obesity, little is known
about the physiological basis of the histological diversity of NAFLD. Specifically, why
patients with similar metabolic profiles, BMI, age, and sex can develop disparate
histological findings is not known. Any explanation of the variable histological progression
of NAFLD is likely to involve the differential abundance of an effector of susceptibility to
insulin resistance, oxidative stress, and/or mediators of hepatic fibrosis. The reported
metabolic and intracellular effects of DHEA-S led to the hypothesis that relative deficiency
of DHEA-S may play a role in the histological progression of NAFLD. The principal finding
of this study is that circulating DHEA-S levels are strongly associated with the most
important feature of histologically advanced NAFLD—steatohepatitis in association with
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advanced fibrosis stage. Indeed, all patients with advanced NAFLD in this study were seen
to have low circulating levels of DHEA-S.

DHEA, and its interchangeable sulfated form, DHEA-S, is the most abundant circulating
steroid hormone and is produced primarily by the zona reticularis of the adrenal cortex in
response to adrenocorticotropic hormone. DHEA and DHEA-S levels peak at approximately
age 25 years and decrease progressively thereafter, falling to 5% of peak levels by the ninth
decade.20 The levels of DHEA seen in patients with advanced NAFLD in our current study
were similar to those reported in patients with hypoadrenalism and old age.15 Because
DHEA levels decline with age, it is important to consider whether the lower DHEA levels
observed in patients with advanced NAFLD in our study were simply a surrogate of older
age. Although, as expected, the mean age was greater in patients with advanced NAFLD
when compared with those with mild NAFLD, probably reflecting greater duration of
disease, age was less predictive of severity of NAFLD than DHEA-S levels and did not
exhibit the “dose effect” seen with DHEA-S levels. Similarly, when patients with more
advanced NAFLD were compared with age-matched patients with mild NAFLD, the
differences in circulating DHEA levels persisted. We did not measure the health of the
adrenocorticol axis in this study. Circulating DHEA-S levels are, however, thought to be
chiefly regulated by 17,20-lyase activity,21 and changes in circulating DHEA-S occur
independently of changes in levels of other adrenal hormones, such as cortisol.22 It was also
possible that the variation in DHEA levels was confounded by one or more of the
parameters of insulin resistance present in patients with more advanced NAFLD. Based on
models 4 and 5 (Table 3), it is highly likely that the association of DHEA levels and severity
of NAFLD found in our patients was not confounded by any of the metabolic abnormalities
that compose the insulin resistance syndrome, nor by the degree of insulin resistance.
However, we recognize that further studies are necessary to determine the relationship of
DHEA, NAFLD severity, and degree of insulin resistance using specific measurement of
insulin sensitivity such as HOMA, the glucose clamp, and so forth. Because DHEA-S levels
were strongly associated with more histologically advanced NAFLD, other variables that
were associated with more histologically advanced NAFLD were also associated with low
circulating DHEA-S levels.

It was also important to consider whether low levels of DHEA-S might occur as a result of
chronic liver disease in general versus a specific phenomenon of histologically more
advanced NAFLD. In order to determine the specificity of low DHEA-S levels as an
association with more histologically advanced NAFLD, we measured DHEA-S levels in a
contemporary cohort of patients with cholestatic liver disease—primary biliary cirrhosis and
primary sclerosing cholangitis. DHEA-S levels were not significantly predictive of severity
of disease in patients with cholestatic liver disease (Fig. 3). Low levels of DHEA-S in our
study participants with more advanced NAFLD thus could not be attributed to a nonspecific
effect of liver disease in general. It is possible that impaired enterohepatic circulation, as
occurs in patients with stage 3/4 cholestatic liver disease, alters DHEA-S metabolism.
Circulating DHEA-S levels are not known to be affected by alterations in enterohepatic
circulation. Adrenal hormones, such as estriol, are lowered secondary to increased fecal
excretion in the context of impaired enterohepatic circulation, while DHEA-S metabolism is
preserved.23 If impaired enterohepatic circulation, as occurs in more advanced stages of
cholestatic liver disease, were to have an effect on DHEA-S levels, it is likely that the effect
would be, if anything, to decrease circulating DHEA-S levels. Such an effect was not seen in
our control subjects.

The striking difference in DHEA-S levels seen in participants with advanced NAFLD when
compared with participants with mild NAFLD in our study raises the obvious mechanistic
question of how DHEA-S deficiency might mediate histological severity of NAFLD. A role
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of DHEA-S deficiency in histological progression of NAFLD is likely to involve effects on
insulin sensitivity, hepatic susceptibility to oxidative stress injury, and/or stimulation of
fibrosis. Although the literature concerning the role of DHEA in mediating insulin
sensitivity in humans is conflicting,12–15,24–27 evidence generated from randomized
controlled trials suggests that DHEA enhances insulin sensitivity.13,14 In a recent
randomized, placebo-controlled crossover study in hypoadrenal subjects, who had
circulating DHEA-S levels at baseline that were similar to those seen in our study subjects
with advanced NAFLD, DHEA supplementation significantly lowered fasting insulin and
glucose levels and increased insulin sensitivity, as measured by hyperinsulinemic glucose
clamp.15 In a larger randomized, placebo-controlled study, DHEA therapy induced
significant decreases in visceral and subcutaneous fat and improved indices of insulin
sensitivity.28 DHEA stimulation of insulin sensitivity is thought to involve the reported
activation of peroxisome proliferator-activated receptor alpha.16,17 DHEA is also known to
inhibit the local amplification of glucocorticoids by 11-beta-hydroxysteroid dehydrogenase
in adipose tissue, thereby decreasing cortisol activity,29 and to increase serum levels of
IGF-1.24,26,30,31 Intrahepatic expression of IGF-1 has been shown to be decreased in
histologically advanced NAFLD.10 Conversely, low DHEA levels, as seen our study
subjects with advanced NAFLD, are associated with hyperglycemia and insulin resistance.32

Although mediation of insulin action might explain a potential role of circulating DHEA-S
levels in effecting histological severity of NAFLD, indices of insulin sensitivity are at best
only partly predictive of histology in NAFLD and are weakly predictive of fibrosis stage,
suggesting an alternative or additional mechanism.

A mechanistic role of DHEA-S in histological progression of NAFLD to NASH with
advanced fibrosis, irrespective of any effect on insulin sensitivity, would be likely to involve
increased susceptibility to hepatocellular oxidative injury and/or a profibrotic effect.
Increased oxidative stress with subsequent mitochondrial dysfunction are features of both
animal models of steatohepatitis7 and humans with NAFLD.6,33–35 DHEA has been shown
to exert a protective effect in hepatocytes against oxidative injury by decreasing
malondialdehyde concentration and increasing superoxide dismutase activity11 and total
glutathione concentrations in animal models of oxidative stress.36,37 Lowered hepatic
messenger RNA for superoxide dismutase has been demonstrated in patients with
histologically advanced NAFLD.10 In healthy humans, DHEA and its metabolite, 7-alpha-
hydroxy-DHEA, reduce tissue susceptibility to oxidation of both lipids and proteins.38

DHEA has also been shown to directly inhibit procollagen type I synthesis at the
transcriptional level in vivo and in vitro in animals,39 and in vitro in human fibroblasts.39

Finally, DHEA might exert a hepatoprotective effect in NAFLD through attenuation of
reactive oxygen species–mediated release of cytokines by Kupffer cells, adipose tissue, and
hepatocytes.40–42 DHEA inhibits tumor necrosis factor alpha–induced nuclear factor kappa
B–dependent transcription in human hepatocytes in a time-dependent and dose-dependent
manner.39 Similarly, DHEA-treated animals demonstrate reduced levels of the
proinflammatory cytokines tumor necrosis factor alpha, interleukin-1beta, and interleukin-6
and the anti-inflammatory cytokine interleukin-10.43,44 There are thus several potential
mechanisms for DHEA deficiency to promote histological progression in NAFLD. Of
particular interest is that panhypopituitarism is associated with a high frequency of NASH
with rapid progression to cirrhosis. 18 Although many hormones are replaced in patients
with panhypopituitarism, DHEA—the levels of which are typically undetectable—is not.

We are aware of no other reports of an association of DHEA (or DHEA-S) abundance and
histological severity of NAFLD and only 1 published report of DHEA metabolism in
NAFLD, although a protective effect of DHEA was reported in an orotic acid–induced
animal model of fatty liver disease.37
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The association of low circulating levels of DHEA-S with more histologically advanced
NAFLD has several important implications. Firstly, despite an association of metabolic
abnormalities, including indices of insulin resistance, with NAFLD, grading and staging of
NAFLD requires a liver biopsy. Our data suggest that patients with DHEA-S levels greater
than 1.0 µg/mL are highly unlikely to have advanced NAFLD (3/439 patients, sensitivity
95% and specificity 58%). Perhaps most significantly, DHEA deficiency (patients with
advanced NAFLD had levels of DHEA-S associated with hypoadrenalism) presents an
appealing new therapeutic target for the treatment and prevention of NAFLD. DHEA has
substantial use and safety data in humans and, in contrast to peroxisome proliferator-
activated receptor alpha agonists,45–47 is not adipogenic. The basis of differential
circulating DHEA-S levels in patients with histologically advanced NAFLD should be the
subject of further investigation.

Our study has several important limitations. First, because we did not capture a specific
index of insulin resistance, such as HOMA (although we did capture data on all clinical
components of the insulin resistance /metabolic syndrome), further studies are necessary to
determine the relationship of DHEA, NAFLD severity, and the degree of insulin resistance.
Secondly, the validation cohort consisted of 2 groups of patients that were analyzed together
but comprised very different populations: morbid obese patients undergoing bariatric
surgery (University of California, San Francisco) and suspected NAFLD patients seen at the
hepatobiliary clinic (Indiana University). It is possible that the role of obesity and other
metabolic comorbidities was different between these groups.

In conclusion, we have found that patients with more advanced NAFLD have low
circulating levels of DHEA-S. These data provide novel evidence for relative DHEA
deficiency in patients with histologically advanced NASH.

Abbreviations

ALT alanine aminotransferase

AST aspartate aminotransferase

AUROC area under the receiver operating characteristics

BMI body mass index

DHEA dehydroepiandrosterone

DHEA-S sulfated dehydroepiandrosterone

NAFLD nonalcoholic fatty liver disease

NASH nonalcoholic steatohepatitis
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Fig. 1.
Variations in DHEA-S levels with fibrosis stage for participants in the control group with
cholestatic liver diseases.
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Fig. 2.
The AUROC curve for DHEA in separating patients with and without significant fibrosis
was 0.83.

Charlton et al. Page 13

Hepatology. Author manuscript; available in PMC 2010 July 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Variation in DHEA-S levels with fibrosis stage for participants with NAFLD in the
validation cohort. Mean DHEA-S levels are indicated by horizontal lines. A “dose effect” of
lower DHEA-S and advanced fibrosis was observed, with a mean DHEA-S of 1.03 ± 0.05,
0.96 ± 0.07, 0.83 ± 0.11, 0.66 ± 0.11, and 0.35 ± 0.06 µg/mL for fibrosis stages 0, 1, 2, 3,
and 4, respectively.
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Table 1

Clinical and Laboratory Data of Patients with NAFLD and Controls with Chronic Cholestatic Liver Disease

Characteristic NAFLD (n = 78) Controls (n = 44) P Value

Age (years) 50.0 ± 11.1 47.1 ± 11.7 0.2

Sex (female/male) 50/28 31/13 0.6

Race (white) 76 (97%) 44 (100%) 0.6

BMI (kg/m2) 33.0 ± 7.4 26.0 ± 6.2 <0.0001

Overweight (BMI 25–30 kg/m2) 22 (28%) 10 (23%) <0.0001

Obesity (BMI >30 kg/m2) 51 (65%) 10 (23%) <0.0001

Type 2 diabetes mellitus 32 (41%) 5 (14%) 0.003

Hypertension 39 (50%) 10 (27%) 0.03

Hyperlipidemia 57 (73%) 27 (73%) 1.0

History of smoking

  None 52 (67%) 31 (84%) 0.001

  Ex-smoking 26 (33%) 3 (8%)

  Current smoking - 3 (8%)

Fasting glucose (mg/dL) 116.4 ± 41.8 106.5 ± 46.2 0.3

Cholesterol (mg/dL) 194.6 ± 43.0 235.1 ± 58.7 <0.0001

Triglyceride (mg/dL) 177.7 ± 86.0 152.1 ± 86.5 0.1

HDL-C (mg/dL) 42.8 ± 10.2 61.8 ± 22.0 <0.0001

AST (U/L) 60.0 ± 44.2 88.9 ± 62.0 0.008

ALT (U/L) 85.1 ± 88.0 181.1 ± 114.4 0.04

AST/ALT ratio 0.98 ± 0.97 0.71 ± 0.22 0.05

Alkaline phosphatase (U/L) 210.5 ± 103.4 914.3 ± 737.9 <0.0001

Total bilirubin (mg/dL) 0.9 ± 0.5 2.5 ± 3.4 0.004

Albumin (g/dL) 4.2 ± 0.4 3.9 ± 0.5 0.001

Prothrombin time (seconds) 9.8 ± 0.7 10.5 ± 2.9 0.1

Creatinine (mg/dL) 1.0 ± 0.2 1.0 ± 0.3 0.6

Hemoglobin (g/dL) 13.7 ± 1.3 13.1 ± 1.3 0.03

Leukocyte count (cells/mL) 5804.7 ± 1701.2 5908.1 ± 2451.3 0.8

Platelet (×103/mL) 202.2 ± 68.7 190.6 ± 96.6 0.5

DHEA-S (µg/mL) 0.8 ± 1.0 0.8 ± 0.7 0.9

Fibrosis stage

  Stage 0 21 (27%) 0 (0%) 0.002

  Stage 1 13 (17%) 9 (20%)

  Stage 2 19 (24%) 10 (23%)

  Stage 3 13 (17%) 11 (25%)

  Stage 4 12 (15%) 14 (32%)

Data are expressed as the mean ± standard deviation.

Abbreviation: HDL-C, high-density lipoprotein cholesterol.
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Table 2

Clinical and Laboratory Data for Initial Cohort Patients with Mild and Advanced NAFLD

Characteristic Mild NAFLD (n = 53) Advanced NAFLD (n = 25) P Value

Age (years) 47.3 ± 11.8 55.9 ± 6.4 0.0007

Sex (female/male) 32/21 18/7 0.3

Race (white) 51 (96%) 25 (100%) 0.6

BMI (kg/m2) 31.8 ± 6.8 35.4 ± 8.2 0.05

Obesity (BMI > 30 kg/m2) 31 (58%) 20 (80%) 0.06

Type 2 diabetes mellitus 17 (32%) 15 (60%) 0.02

Hypertension 24 (45%) 15 (60%) 0.2

Hyperlipidemia 41 (77%) 16 (64%) 0.2

History of smoking 19 (36%) 7 (28%) 0.5

Fasting glucose (mg/dL) 117.1 ± 48.2 114.7 ± 23.9 0.3

Cholesterol (mg/dL) 199.8 ± 46.2 183.4 ± 33.1 0.2

Triglyceride (mg/dL) 186.2 ± 92.0 159.6 ± 70.1 0.2

HDL-C (mg/dL) 43.0 ± 10.4 42.2 ± 10.2 0.7

AST (U/L) 56.8 ± 38.3 67.0 ± 54.7 0.9

ALT (U/L) 90.9 ± 92.4 73.4 ± 78.6 0.04

AST/ALT ratio 0.8 ± 0.4 1.4 ± 1.5 <0.0001

Alkaline phosphatase (U/L) 207.1 ± 112.7 217.6 ± 81.9 0.5

Total bilirubin (mg/dL) 0.8 ± 0.4 1.0 ± 0.7 0.07

Albumin (g/dL) 4.3 ± 0.4 4.0 ± 0.3 0.004

Prothrombin time (seconds) 9.7 ± 0.7 9.9 ± 0.7 0.08

Creatinine (mg/dL) 1.1 ± 0.2 1.0 ± 0.2 0.9

Hemoglobin (g/dL) 14.0 ± 1.1 13.2 ± 1.5 0.01

Leukocyte count (cells/mL) 5942.8 ± 1760.7 5512.0 ± 1561.1 0.5

Platelet (×103/ mL) 222.6 ± 66.8 158.9 ± 51.2 <0.0001

DHEA-S (µg/mL) 1.1 ± 0.09 0.25 ± 0.07 <0.0001

Leptin (ng/mL) 24.5 ± 15.2 33.9 ± 20.6 0.06

Adiponectin (µg/mL) 20.3 ± 10.6 21.6 ± 10.5 0.4

Resistin (ng/mL) 1.7 ± 0.6 2.4 ± 0.8 0.0008

C-reactive protein (mg/L) 0.4 ± 0.4 0.7 ± 0.7 0.05

Data are expressed as the mean ± standard deviation.

Abbreviation: HDL-C, high-density lipoprotein cholesterol.
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Table 3

Logistic Regression Models of the Association of NAFLD (Advanced Versus Mild) with DHEA Levels and
Other Clinical Variables

Variables P Value AUROC Model

Model 1

  DHEA <0.0001 0.83

Model 2

  DHEA <0.0001 0.83

  Age 0.7

Model 3

  DHEA <0.0001 0.84

  Age 0.8

  Sex 0.4

Model 4

  DHEA <0.0001 0.87

  BMI 0.02

  Diabetes mellitus 0.8

  Hypertension 0.5

  Hypertriglyceridemia 0.1

  Low HDL-C cholesterol 0.2

Model 5

  DHEA <0.0001 0.88

  Age 0.4

  Sex 0.9

  BMI 0.02

  Diabetes mellitus 0.9

  Hypertension 0.4

  Hypertriglyceridemia 0.1

  Low HDL-C 0.2

Abbreviation: HDL-C, high-density lipoprotein cholesterol.
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