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Abstract
Objective—To determine the prevalence and predictors of abnormal liver enzyme levels in
ambulatory young women with anorexia nervosa (AN).

Study design—In this cross-sectional study of 53 females with AN, serum concentrations of liver
enzymes and hormones were measured. Anthropometric, dietary, and body composition information
was collected. Correlational analyses were performed between liver enzyme concentrations and these
variables.

Results—Elevated alanine aminotransferase (ALT) and gamma-glutamyltranspeptidase (GGT)
levels were found in 14 subjects (26%) and 5 subjects (9%), respectively. ALT and GGT were
inversely correlated with body mass index (r = −0.27 to −0.30, p ≤ 0.049) and percentage body fat
(r = −0.36 to −0.47, p ≤ 0.007), but showed no relationship with lean body mass. Subjects with
percentage body fat < 18% had higher ALT levels than those above this threshold (median 26.5 vs.
18.0 U/L, p = 0.01). Liver enzyme concentrations did not correlate with dietary variables, except for
GGT and percentage of calories from protein (r = 0.28, p = 0.04).

Conclusions—Serum ALT and GGT concentrations are inversely related to adiposity in young
women with AN. Future studies are needed to determine if these liver enzyme elevation signify
unrecognized, clinically relevant liver disease.
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Elevated liver enzyme levels are frequently detected in clinical evaluations of young women
with anorexia nervosa (AN). Previous case reports have described concentrations of alanine
aminotransferase (ALT) greater than 132 times the upper limit of normal in hospitalized
patients [1–5]. These abnormalities were attributed to acute liver hypoperfusion from
hypovolemia and/or cardiac dysfunction [1–2]. Less severe ALT elevations have been
described in ambulatory patients with AN [6], but the etiology and risk factors for this milder
form of liver inflammation remain unclear.

Hepatocellular injury from non-alcoholic fatty liver disease (NAFLD) has been questioned as
a cause of these enzyme elevations in AN, and disorders of malnutrition [7,8]. NAFLD
represents a spectrum of liver disease ranging from steatosis to cirrhosis, and is characterized
by the accumulation of excess lipid within hepatocytes. Disturbances in hormonal regulation
or nutrition may increase the risk for NAFLD. For example, insulin resistance, occasionally
seen in AN [9–10], increases peripheral fatty acid mobilization and decreases hepatic oxidation
of fatty acids. Although the relationship between insulin resistance and NAFLD has been well-
described in obese and normal-weight individuals [11], it has not been explored in AN.
Similarly, specific alterations in the dietary composition of adolescents with AN may lead to
NAFLD. Higher carbohydrate and lower fat intake, commonly consumed by adolescents with
AN [12–13], are associated with an increased risk for hepatic inflammation in obesity [14],
but have not been studied in AN.

In this study, we sought to determine the prevalence and predictors of abnormal liver enzyme
levels in ambulatory young women with AN. We hypothesized that individuals with more
severe disease, as reflected by lower body mass index (BMI) and body fat, would be more
likely to exhibit elevated ALT and gamma-glutamyltranspeptidase (GGT) levels. We also
hypothesized that insulin resistance would be a predictor of abnormal ALT and GGT
concentrations. We predicted that there would be a significant association between
macronutrient caloric distribution and liver enzyme concentrations.

Methods
Design

This study was a cross-sectional evaluation of data obtained from the baseline visit of a clinical
bone density trial.

Subjects
Adolescents and young women with AN were recruited from the Children’s Hospital Boston
Eating Disorders Program, and met the following inclusion criteria: 1) age 13 – 30 years, and
at least 2 years following menarche; 2) diagnosis of AN based on Diagnostic and Statistical
Manual of Mental Disorders-IV criteria [15]; and 3) primary amenorrhea, or secondary
amenorrhea for at least 3 months. Exclusion criteria included: 1) hormone replacement therapy
(e.g., estrogen, oral contraceptives) within the past month; 2) presence of disease known to
affect bone metabolism (e.g., Cushing’s syndrome, diabetes mellitus, skeletal dysplasia, etc.);
and 3) use of glucocorticoids or other medications known to affect bone metabolism within
the previous 3 months. All subjects who participated in the baseline visit of the clinical trial
were included in the current study. The young women recruited for participation in the trial
had all been diagnosed with AN by their clinical providers. However, the subjects had been in
medical treatment for varying lengths of time (and thus had varying degrees of weight
restoration) by the time of their baseline study visit. All subjects were amenorrheic at the time
of the baseline visit. An additional 165 patients were approached: 127 chose not to participate
and 38 were deemed ineligible. All participants gave written informed consent according to
the guidelines of the Committee on Clinical Investigation at Children’s Hospital Boston.
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Study Protocol
At the baseline visit, all subjects underwent a physical examination conducted by a single study
physician in the outpatient division of the General Clinical Research Center, Children’s
Hospital Boston. A structured interview was conducted by a single study co-investigator to
obtain pertinent medical history and information about alcohol and medication use. Height
(cm) and weight (kg) were measured in a standardized fashion using the same calibrated scale
and stadiometer (Perspective Enterprises, Kalamazoo, Michigan), after the subject voided, and
while dressed in a hospital gown. BMI was calculated by the formula: BMI = Weight (kg) /
[Height (m)]2. For each subject ≤ 20 years old, percentage ideal body weight (% IBW) was
determined using the 2002 Center for Disease Control Growth Charts and the formula: % IBW
= 100 × [Patient BMI (kg/m2) / Median BMI for age (kg/m2)] [16]. For each subject > 20 years
old, % IBW was determined by the formula: % IBW = 100 × [Patient BMI (kg/m2) / Median
BMI for adults (21.7 kg/m2)] [17]. Total body dual-energy X-ray absorptiometry (DXA) scans
were obtained with a Hologic 4500 Delphi scanner (Hologic, Inc., Waltham, Massachusetts )
for analysis of body composition, including body fat mass (g), body fat percentage, and lean
body mass (g).

Dietary information was collected by a registered dietician, and included 3 separate 24-hour
dietary recalls obtained on 3 non-consecutive days within a 3-week interval. The first dietary
recall was conducted in person at the baseline weekday study visit, and the second and third
recalls were conducted through unannounced telephone calls on a weekday and weekend,
respectively. The information was collected using the Nutrition Data System for Research
(NDS-R) software (versions 4.05_33, 5.0_35, and 2005, Nutritional Coordinating Center,
University of Minnesota, Minneapolis, Minnesota). Final calculations of daily nutrient intake
were performed using NDS-R version 2005. In order to compare each subject’s reported intake
with recommended nutrient values, the dietary reference intake (DRI) for adequate intake (AI)
was used for vitamin D, vitamin K, and calcium intake, while the DRI for recommended dietary
allowance (RDA) was used for carbohydrate, protein, total vitamin A activity, vitamin E,
vitamin C, phosphorus, magnesium, iron, zinc, and copper intake [18].

Subjects had venous blood drawn from an antecubital vein between 8:30 – 10:00 a.m. following
an overnight fast. Serum samples were assayed in the Children’s Hospital Boston Core
Laboratory for levels of liver enzymes [ALT, AST, gamma-glutamyl transpeptidase (GGT),
alkaline phosphatase (AP)], total bilirubin, direct bilirubin, and glucose by photometric
analysis and indirect potentiometry. Insulin, cortisol, dehydroepiandrosterone-sulfate (DHEA-
S), triiodothyronine (T3), thyroxine (T4), and thyroid stimulating hormone (TSH) levels were
measured by electrochemiluminescence. Total estradiol was measured by radioimmunoassay
and free and total testosterone levels by liquid chromatography/mass spectroscopy at Esoterix
Laboratories, Inc. (Calabasas Hills, California). The homeostasis model assessment of insulin
resistance (HOMA) score was calculated from the fasting serum insulin and glucose levels
[HOMA = (fasting insulin concentration (µU/mL) × fasting glucose concentration (mmol/L)) /
22.5], and used as a measure of insulin resistance [19].

Statistical Analysis
Mean macro- and micronutrient intake levels were compared with established DRI thresholds
for females [18], and mean macronutrient intake distributions (expressed as a % of total
calories) compared with the median values of the DRI ranges using Wilcoxin Signed Ranks
tests. Bivariate relationships among anthropometric variables, body composition
measurements, hormonal concentrations, dietary variables, and serum liver enzymes were
determined by Pearson correlational analyses. Serum liver enzymes and hormone levels were
compared between subgroups divided on the basis of body composition using the Mann-
Whitney U test; this conservative non-parametric approach was chosen based on the relatively
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small subgroups of interest. Specific bivariate correlates were entered into multiple linear
regression models to determine the relationship between body composition measurements,
hormonal concentrations, and liver enzymes, controlling for weight and duration of
amenorrhea. All statistical analyses were performed using SPSS software (SPSS, Inc, Chicago,
Illinois). Two-tailed tests for significance were used, and a p-value < 0.05 was considered
statistically significant. Data are presented as mean ± SD unless otherwise indicated.

Results
Description of Study Population

Clinical, anthropometric, and body composition data were obtained from all participants (Table
I). None of the subjects had a known history of liver disease or any external signs of liver
disease on physical examination. Three young women were receiving oral contraceptives at
the time of study recruitment. The oral contraceptives were discontinued at a minimum of 1
month prior to the baseline study visit. Three subjects had primary amenorrhea, and had a full
endocrinologic evaluation prior to study enrollment which revealed no etiology for primary
amenorrhea other than malnutrition; all 3 subjects had bone ages of ≥ 15 years. These 6 subjects
were excluded from calculations of duration of amenorrhea. Five subjects were not able to fast
overnight because of concern for hypoglycemia. These non-fasting measurements of insulin
and glucose were excluded from the analyses, and HOMA was not calculated.

Nutritional Data
Nutritional data were obtained from all participants (Table II). Subjects were divided into two
subgroups based on age in order to allow for appropriate comparison of each subject’s reported
nutritional intake to the age-appropriate DRI for females. One subject was excluded from the
nutritional analyses due to the lack of appropriate reference range for her age (13 years).
Reported mean intake of all micronutrients except vitamin E was greater than the DRI for both
age groups. Vitamin E intake was significantly lower than the DRI in young women ages 14
to 18 years (median 10.3 vs. 15.0 mg, p = 0.009) and 19 to 27 years (median 9.0 vs. 15.0 mg,
p = 0.03). The percentage of calories consumed from fat in subjects ages 14 to 18 years was
significantly lower than the median of the DRI range (median 23.8 vs. 30.0 %, p = 0.004).
Distributions of all other macronutrients were within the DRI ranges for both age groups.

Liver Enzyme and Hormonal Data
Serum liver enzyme and hormonal data were obtained from all participants (Table III).
Testosterone and estradiol levels were compared with reference ranges used by Esoterix
Laboratories. All other laboratory values were compared to established normative data used
by our institution [20]. In this sample, 14 subjects (26%) had an elevated ALT (89.9 ± 64.8 U/
L), 10 subjects (19%) had an elevated AST, 5 subjects (9%) had an elevated GGT (67.3 ± 21.5
U/L), and 3 subjects (6%) had an elevated AP. None of the subjects with elevated ALT had an
AST to ALT ratio > 2:1. Nineteen subjects (41%) had low fasting insulin levels, while none
had fasting hyperinsulinemia. The mean calculated HOMA score was 0.7 ± 0.5. None of the
subjects had a HOMA > 3.16, a threshold considered diagnostic of insulin resistance in an
adolescent population [21]. T3 and T4 levels were low in 28 subjects (57%) and 5 subjects
(10%), respectively. TSH concentrations were normal for all subjects.

Predictors of Abnormal Liver Enzymes
Of the 14 subjects with abnormal ALT, only 1 (8%) reported any alcohol consumption, with
a frequency of 1 drink per week. Six subjects (43%) were receiving antidepressants, including
fluoxetine (n = 3), sertraline (n = 2), and escitalopram (n=2). One subject was receiving a
benzodiazepine (lorazepam). Although subgroups were too small to compare formally using
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statistical tests, in the total group the frequency of elevated ALT was 14% in users and 28%
in non-users of alcohol, and 24% in users and 30% in non-users of antidepressants.

Correlational analyses between ALT, GGT, and continuous anthropometric, body
composition, hormonal and nutritional variables were performed. The percentage of calories
consumed as protein was significantly correlated with GGT levels (r = 0.28, p = 0.04). There
were otherwise no relationships noted between macronutrient intake and distribution variables
and liver enzyme levels, nor between micronutrient intake (including vitamin E) and liver
enzyme levels.

Measures of insulin resistance and cortisol did not correlate with ALT. However, an inverse
trend was noted between GGT and both insulin (r = −0.28, p = 0.06) and HOMA (r = −0.29,
p = 0.05). Similarly, a positive trend between cortisol and GGT approached statistical
significance (r = 0.26, p = 0.06). There was a significant inverse relationship between GGT
and T3 (r = −0.32, p = 0.03), but no other statistically significant relationships between liver
enzymes and other hormonal variables.

Age, duration of illness, and duration of amenorrhea were not associated with liver enzyme
concentrations. As hypothesized, there was a significant inverse relationship between BMI and
ALT (r = r = −0.27, p = 0.049), as well as GGT (r = −0.30, p = 0.03). In addition, there were
significant inverse correlations between both liver enzyme levels and % IBW (r = −0.27 to
−0.28, p ≤ 0.047), and % body fat (r = −0.36 to −0.47, p ≤ 0.007, Figure). In contrast, no
significant relationships were found between lean body mass and the liver enzyme levels.

In multivariate models including duration of amenorrhea and weight as covariates, percentage
body fat remained an independent predictor of both ALT (ß = −0.28, p = 0.05) and GGT (ß =
−0.50, p = 0.001) concentrations. Along with duration of amenorrhea and weight, % body fat
accounted for 20% and 24% of the variation in ALT and GGT concentrations, respectively. In
addition, insulin (ß = −0.34, p = 0.047), HOMA (ß = −0.37, p = 0.04), cortisol (ß = 0.31, p =
0.04), and T3 (ß = −0.33, p = 0.03) were found to be independent predictors of GGT
concentration in a multivariate model that also controlled for duration of amenorrhea and
weight. Collectively, these variables accounted for 11% (insulin), 12% (HOMA), 11%
(cortisol), and 12% (T3) of the variation in GGT concentration.

Body Fat Subgroup Analyses
Based on the results of initial correlational analyses, subjects were divided into 2 subgroups
based on % body fat. Thirty subjects (57%) had a body fat percentage < 18% and were
designated as having low body fat. Mean percentage body fat was significantly different
between the 2 groups (14.6 vs. 21.7 %, p < 0.001). Mean age was not different between the
subgroups. ALT values were significantly higher in the subjects with low compared with
appropriate body fat (median ± SD = 26.5 ± 52.8 vs. 18.0 ± 30.6 U/L, p = 0.01). Although a
similar trend was noted for GGT levels, the difference did not reach statistical significance
(median ± SD = 16.0 ± 25.7 vs. 14.0 ± 9.4 U/L, p = 0.11). Subjects with low body fat had
significantly lower total testosterone (median ± SD = 20.0 ± 5.0 vs. 24.0 ± 10.5 ng/dL, p =
0.02) and total estradiol levels (median ± SD = 1.3 ± 1.7 vs. 2.7 ± 8.0 ng/dL, p = 0.005) than
subjects with appropriate percentage body fat. Concentrations of all other hormones were not
different between the subgroups.

Discussion
In this study, we found that over one-quarter of participants had an elevated ALT concentration.
This represents a prevalence greater than that reported previously (12%) in a sample with
similar measures of body composition [6]. Subjects in the current study were younger (mean
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age 18.5 vs. 25.0 years), suggesting possible differences in liver injury susceptibility between
adults and adolescents with AN.

One of our most compelling findings was that percentage body fat was inversely correlated
with ALT and GGT in both bivariate and multivariate analyses. In contrast, no significant
relationship was found between lean body mass and the liver enzyme levels. In bivariate
analyses, we found that BMI was inversely correlated with levels of ALT and GGT. Ozawa et
al. previously showed an inverse correlation between BMI and aminotransferase levels in
severely malnourished hospitalized young women with AN (mean BMI 13.2 ± 1.3 kg/m2)
[22]. Therefore, the relationship between BMI and liver inflammation in AN may be present
across a wide range of BMIs. In addition, we found that the young women with a lower
percentage body fat had significantly higher levels of ALT, accompanied by lower estradiol
and testosterone concentrations. However, the higher ALT levels in this subgroup were not
likely caused by steroid hormone abnormalities, as there were no relationships found between
these hormones and the liver enzyme levels.

We had hypothesized that the subjects with more severe disease, as reflected by lower BMI
and percentage body fat, would exhibit an elevated ALT and GGT concentration. The strong
inverse relationship between adiposity and liver enzyme levels supports this hypothesis. The
liver enzyme elevation may reflect NAFLD-induced hepatocellular injury. Westerbacka et al
found a significant inverse relationship between serum ALT levels and liver fat by proton
spectroscopy in obese men and women [23]. Although speculative, patients with lower
adiposity may have increased susceptibility to NAFLD due to lower levels of adiponectin, an
adipocytokine that increases fatty acid oxidation and decreases inflammation [24].
Adiponectin, although not measured in this study, has been shown to be low in NAFLD [25]
and in some patients with AN [26]. The relationship between low adiponectin and NAFLD has
been described in overweight patients [25], but has not been examined in AN. In addition to
low adiposity, young women with AN may have hormonal or nutritional abnormalities that
facilitate the development of NAFLD.

We had predicted that insulin resistance would be a risk factor mediating NAFLD-related liver
enzyme abnormalities. However, in contrast to our a priori hypotheses, none of the subjects in
our sample exhibited evidence of insulin resistance. In contrast, 41% of the sample had low
insulin levels, and there were unexpected inverse relationships between serum insulin, HOMA,
and GGT in both the bivariate and multivariate models. Although an oral glucose tolerance
test or a hyperinsulinemic euglycemic clamp test would have represented more definitive
methods for evaluating insulin resistance, previous work employing these techniques has
yielded conflicting results about insulin resistance in AN. Low, normal, and high fasting and
stimulated insulin levels have been reported in AN [27]. Due to the low prevalence of insulin
resistance in our sample, we could not explore definitively the relationship between insulin
resistance variables[H1] and liver enzymes. However, there were inverse trends noted between
insulin, HOMA, and GGT concentrations, and positive trends between cortisol and GGT in
bivariate analyses. In addition, T3 was negatively correlated with GGT. In multivariate
analyses controlling for duration of amenorrhea and weight, insulin, HOMA, cortisol, and T3
were found to predict independently GGT levels. Both elevated cortisol and low serum T3, the
latter a characteristic feature of the sick euthyroid syndrome, have been documented in young
women with AN [28], and may serve as markers of disease severity. Taken together, these
results suggest that abnormal liver enzyme levels are related not only to low adiposity, but also
to disease severity in AN.

We predicted that low dietary fat and high carbohydrate intake would be related to elevated
liver enzyme levels in AN, as demonstrated previously in obesity [14]. Although the percentage
of calories consumed as fat was lower than the DRI range in the ages 14 – 18 years subgroup,
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macronutrient intake and distribution variables did not correlate with ALT. Only the percentage
of calories consumed as protein was significantly correlated with GGT. Interestingly, the
reported dietary intake of the subjects in this sample revealed less severe nutritional
deficiencies than those noted in previous studies of adolescents and adults with AN [12–13].
Of the micronutrients analyzed, only vitamin E intake for both age groups was significantly
less than the age-specific DRI. Musso et al found that patients with non-alcoholic
steatohepatitis had lower dietary vitamin E intake than age-, BMI-, and sex-matched controls
[29]. Based on the hypothesis that vitamin E, as an antioxidant, may confer protection against
hepatic damage from lipid peroxidation and free oxygen radical species, Lavine et al treated
children with NAFLD with vitamin E, which led to a reduction in ALT levels [30]. Debate
exists as to whether vitamin E deficiency is a cause or effect of hepatic injury. Although vitamin
E intake and liver enzyme levels were not correlated with one another in our sample, the low
intake of vitamin E in the setting of liver enzyme abnormalities merits further research.

Use of hepatotoxic substances is another possible etiology of the observed elevations in ALT.
However, only 1 of the 14 subjects with elevated ALT reported any alcohol consumption, and
the level was far lower than that expected to cause liver injury. None of the 14 subjects had an
AST:ALT ratio > 2:1, an indicator of alcoholic liver disease [31], and none reported receiving
medications known to cause hepatotoxicity. Six of the 14 subjects were receiving
antidepressants, but no medication which have shown a clear relationship with abnormal liver
enzymes.

Study limitations deserve acknowledgement and consideration. Our study subjects were
recruited from an eating disorders program, and thus were more likely to be engaged in active
treatment, which includes regular visits with a physician and nutritionist. In addition, subjects
were recruited as part of a clinical trial. Therefore, our results may not be generalizable to all
ambulatory young women with AN. Our data were observational, and thus were compared
were normative data only. The study did not include direct questions about family history of
liver disease, probing questions regarding previous hepatotoxic drug use, hepatic imaging
studies, liver biopsies, or extensive serum tests to explore specific causes of liver disease. We
were not able to compare formally the frequency of elevated ALT in the subgroups that did
and did not use alcohol or antidepressants given the small cell sizes in these subgroups. Finally,
nutritional data were obtained by self-report, and patients with AN have a tendency to over-
report their nutritional intake [12]. It is possible that this phenomenon led to an over-estimation
of the nutrient intake of our sample. However, our primary study outcome variables were
objective rather than subjective in nature.

Our study examined the relationships among nutritional data, hormonal variables, measures of
body composition and liver enzyme levels in ambulatory adolescents and young women with
AN. We found a strong inverse relationship between adiposity and ALT and GGT
concentrations. We also found a relationship between hormonal markers of disease severity
(e.g., low T3, elevated cortisol, low insulin, and low HOMA) and GGT levels. These findings
are of potential concern, as they may signify previously unrecognized, clinically relevant liver
disease in AN. The results of this exploratory study will hopefully pave the way for more
definitive prospective studies, which may better delineate the etiology and duration of the liver
enzyme abnormalities, as well as their clinical significance with respect to liver pathology.
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Figure 1. Relationship between ALT Concentration and Percentage Body Fat
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Table 1
Clinical, Anthropometric, and Body Composition Data of 53 Young Women with AN

Variable Mean ± SD Range
Age (y) 18.5 ± 2.9 13.3 - 27.0
Height (cm) 164.5 ± 7.1 148.3 - 180.1
Weight (kg) 48.7 ± 6.0 37.4 - 67.9
BMI (kg/m2) 18.0 ± 1.6 14.8 - 22.9
Lean body mass (g) 36767.3 ± 6300.8 4029.2 - 47855.2
Body fat mass (g) 8551.5 ± 2872.6 3694.4 - 17428.8
Percentage body fat (%) 17.7 ± 4.7 8.6 - 27.4
Percentage IBW (%) 85.4 ± 8.2 68.0 - 110.2
Duration of AN (mo) 22.8 ± 26.8 1 - 132
Duration of amenorrhea (mo) (n = 47) 18.7 ± 23.2 3 - 144
Percentage of subjects < 85% IBW (%) 49.1
Percentage of subjects reporting any alcohol
consumption (%)

13.2
Frequency = 2.9 drinks/week

Percentage of subjects reporting regular weekly
exercise (%)

69.8
Frequency = 6.6 hours/week
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Table 3
Liver Enzyme and Hormonal Data of Subjects with AN

Laboratory Variable Mean ± SD Range Normal Reference Range
ALT (U/L) 40.0 ± 45.4 9 – 240 3 – 30
AST (U/L) 36.1 ± 26.4 16 – 187 2 – 40
GGT (U/L) 23.3 ± 21.0 8 – 112 8 – 35
AP (U/L) 74.1 ± 31.6 43 – 187 3 –120
Total bilirubin (mg/dL) 0.50 ± 0.26 0.1 – 1.5 0.3 – 1.2
Direct bilirubin (mg/dL) 0.11 ± 0.05 0.0 – 0.3 0.0 – 0.4
Cortisol (µg/dL) 16.0 ± 6.4 1.6 – 34.9 5 – 25
Insulin (µU/mL) (n = 48) 3.5 ± 2.2 0.2 – 8.9 3 – 12
Glucose (mg/dL) (n = 48) 75.9 ± 8.1 50 – 90 70 – 100
T3 (ng/dL) 85.8 ± 24.2 45 –142 86 – 153
T4 (µg/dL) 6.5 ± 1.1 4.7 – 9.4 5.2 – 10.9
DHEAS (µg/dL) 199.7 ± 99.0 51.1 – 545.0 45 – 380
Total estradiol (ng/dL) 3.3 ± 5.8 0.2 – 37.0 3.0 – 10.0
Free testosterone (pg/mL) 2.0 ± 1.0 0.1 – 5.8 1.1 – 6.3
Total testosterone (ng/dL) 22.5 ± 8.6 9 – 49 10 – 55
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