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Abstract

Background. Alanine aminotransferase blood activity is a biomarker for sarcopenia and frailty when
lower than anticipated. Anorexia Nervosa patients are prone to both pathologies. variations of ALT
activity within the normal range and their prognostic implications are uncertain.

Methods. This was a retrospective analysis of AN patients hospitalized in a psychiatric department
within a general hospital.

Results. A cohort of 907 AN patients was divided into two groups according to their ALT blood level:
High-Normal (HN) (17 < ALT < 40 IU/L; N = 335) and Low-Normal (LN) (ALT < 17 IU/L; N = 572). Amongst
HN ALT group of patients, there was also a higher blood albumin (median 4.6 IQR [4.2-4.9] vs. 4.5[4.2 -
4.7]; p = 0.005). CPK levels were also higher in the HN group (median 68 [IQR 47.5-103] vs. 57 [43 -
82.75]; p < 0.001). HN ALT patients had longer in-hospital stay (median 65 days, IQR [26.5 — 86] vs. 56
[16.5 - 84]; p = 0.007) and higher rate of mortality (5.7% vs. 2.1%; p = 0.008). In a multivariate analysis,
HN ALT values remained an independent risk factor for mortality (HR = 2.69,95% CI 1.02 — 7.36; p =
0.047). Increased rate of hospital readmissions was independently associated with increased risk of
mortality (HR = 6.75,95% Cl 2.8 — 17.7; p < 0.001).

Conclusions. Within the normal range, higher ALT blood levels are associated with increased risk of
mortality and longer in-hospital length of stay in Anorexia Nervosa patients.

Background

Low Alanine aminotransferase blood activity and its potential association with Sarcopenia and frailty in
Anorexia Nervosa patients.

Patients suffering from Anorexia Nervosa (AN) experience a myriad of metabolic derangements such as
severe osteoporosis (1-3) and sarcopenia, as potentially demonstrated by both dual X-ray
absorptiometry (DXA) and Three-dimensional optical imaging (3DO) (4). Garrido et al. showed that AN
affects both muscular mass but also muscular function when they demonstrated lowered Peak
Expiratory Flow (PEF) values amongst AN patients (5).

Low Alanine aminotransferase (ALT) blood activity serves as a biomarker for sarcopenia and frailty, as
demonstrated by its association with low muscle mass and handgrip strength (6—8). ALT was found to
be a practical tool for assessing frailty in hospitalized patients (7—9). Low ALT was shown to be an
independent indicator of poor prognosis in multiple medical conditions (10-13) such as myelodysplastic
syndrome, renal and bladder cancers. Further studies proved low ALT to be an indicator of poor
rehabilitation outcomes in patients with hip fractures and in those in need of cardiac rehabilitation (14,
15).

Higher values of Alanine aminotransferase blood activity and their potential association with liver tissue
damage in Anorexia Nervosa patients.
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Disrupted Liver Function Tests (LFTs) are a common phenomenon in severely malnourished patients,
reaching up to 43% in a retrospective study published by Hanachi et al. (16). Often addressed as
anorexia nervosa—related hepatitis, it can be roughly divided as arising from two different
pathophysiologies: starvation and refeeding hepatitis (17).

In starvation hepatitis, the suggested mechanism involves a process called autophagy, which translates
to ‘eating of self, where cytosolic proteins are degraded inside lysosomes to supply energy for the cell.
While thought to be initially beneficial, after prolonged starvation, such as that seen in anorexia nervosa,
autophagy results in increased hepatocyte membrane permeability and increased levels of transaminase
enzymes in the peripheral blood (18, 19).

In the case of refeeding hepatitis, sometimes referred to as ‘refeeding steatosis, rapid introduction of
calories in anorexic patients can lead to paradoxical fat deposition in the liver. As a result, these patients
may exhibit elevated levels of transaminase enzymes, either AST or ALT, requiring close monitoring and a
more gradual refeeding process (20).

In both cases, either low-normal ALT blood activity and high-normal ALT blood activity could serve as
biomarkers for pathologies in AN patients: anorexia-associated sarcopenia and starvation / refeeding
hepatitis.

Aim of the current study.

In a retrospective analysis, we aimed at assessing the potential prognostic value of ALT measurements
in AN patients. We sought to find which of the two phenomenon, either low-normal or high-normal ALT
levels would prevail.

Methods

Patients’ data.

This study utilized data retrieved from the electronic medical records (EMRs) of the Chaim Sheba
Medical Centre, the largest tertiary care medical centre in Israel. Following approval by our Institutional
Review Board (IRB), in accord with the Helsinki declaration (approval # 1741-24-D), and waiver of
informed consent due to the retrospective nature of this study, we collected relevant clinical data of all
females AN patients admitted to the psychiatric ward between the years 2013 and 2023.

Clinical, demographic, and laboratory information was extracted directly from the EMR database using
standardized queries. Each record was subsequently reviewed for data completeness. Exclusion criteria
(male AN patients and patients with ALT activity blood levels above the upper normal limit (401U/L) were
applied prior to analysis to ensure data validity and minimize bias related to hepatic disease.

Variables.
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Patients were divided into two groups according to their first alanine aminotransferase (ALT)
measurement during hospitalization in the psychiatric ward: those with ALT values =17 IU/L and those
with ALT values < 17 IU/L. Patients with ALT levels exceeding 40 IU/L were excluded to minimize bias
associated with underlying hepatic disease or other liver-related conditions. The analysis was restricted
to female patients, reflecting the higher prevalence of eating disorders in this population.

Variables included demographic factors (age, body mass index [BMI], smoking status), and psychiatric
comorbidities including bulimia, depression, bipolar disorder, anxiety, trauma-related disorders,
substance abuse, personality disorders, psychotic disorders, obsessive—compulsive disorder (OCD),
suicidal ideation, and past suicide attempts. Chronic psychiatric medications use was also recorded,
including sedatives, antidepressants, antipsychotics, hormonal therapy, and thyroid medications.
Relevant laboratory results during hospitalization were included: albumin, creatine phosphokinase (CPK),
creatinine, urea, potassium, and hemoglobin.

The primary outcome was all-cause mortality. Secondary outcomes included length of hospital stay
(LOS) and events of readmission to the psychiatric ward.

Statistical Analysis

Continuous variables were presented as mean * standard deviation (SD) or median with interquartile
range (IQR), depending on data distribution assessed by the Shapiro—Wilk test. Categorical variables
were presented as absolute numbers and percentages. Kaplan-Meier function was used for crude
mortality assessment.

Between-group comparisons were conducted using the t-test or Mann—Whitney U test for continuous
variables, and the X2 or Fisher’s exact test for categorical variables, as appropriate.

Associations between ALT category and the study outcomes were examined using logistic regression
models. Separate models were built for each outcome, including all-cause mortality and LOS. For each
outcome, both univariate and multivariable logistic regression models were constructed. Variables
demonstrating significant associations (p < 0.05) in univariate analyses or deemed clinically relevant
were included in the multivariable models. Results of these models include the odds ratio (OR) and
confidence interval (Cl) of 95%. A two-sided p value < 0.05 was considered statistically significant. All
analyses were performed using R software version 4.4.2 (R Foundation for Statistical Computing).

Results

After approval of an Institutional Review Board as mentioned above, relevant patients’ electronic medical
records were addressed according to our inclusion criteria. Patients’ flow in the study algorithm is
presented as a CONSORT flow diagram in Fig. 01.
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Out of an initial cohort of 1,083 AN patients we excluded 60 males (in order to remain with a gender -
homogenous cohort) and another 116 patients were excluded due to insufficient data and those with
apparent hepatitis (ALT levels over the upper normal limit in our institution, 40 IU/L). The remaining 907
eligible patients were divided according to their first ALT levels’ measurement during hospital stay: 572
patients had ALT < 17 IU/L (low-normal group) while 335 patients had their ALT values above 17 IU/L and
still within the normal limit (< 40 IU/L), (high-normal group). The rate of survival within these two
patients’ groups was different in a statistically significant manner (as presented in both Fig. 01 and Table
01): the rate of death during a 12-years follow-up period from the first patient’s admission was higher in
the high-normal ALT group (5.7% vs. 2.1%, p = 0.008).

Patients’ characteristics in both study groups are presented in Table 01. The median ALT blood level in
the low-normal ALT group was 12 [IQR 10—14] while in the high normal ALT group it was 21 [19-26]; p <
0.001. There was no significant difference between both study groups in age (the whole cohort median
age was 22.4 years [IQR 19.6-28.6]). The median BMI, Body Mass Index, in the low-normal ALT group
was 16.3 [IQR 14.9-17.5] compared with 15.9 [IQR 14-17.4] in the high-normal ALT group; p = 0.004. The
smoking rate in the low-normal ALT group was 43.6% while in the high-normal ALT group it was 33.6%; p
=0.008.

The prevalence of psychiatric comorbidities was comparable between the two groups, with no
significant differences observed in the rates of bulimia disorder, depression disorder, bipolar disorder,
anxiety disorder, trauma stress disorder, substance use disorder, personality disorder, psychotic disorder,
obsessive-compulsive disorder (OCD), or suicidal ideation. Likewise, the frequency of suicide attempts
prior and during hospital stay did not differ significantly between the two groups.

Regarding psychiatric medications, the use of sedatives in the low-normal ALT group was 18.9% while in
the high-normal ALT group it was 13.4%; p = 0.043. Antipsychotics use in the low-normal ALT group was
19.1% compared with 26.3% in the high-normal ALT group; p = 0.014. No significant differences were
observed between the groups in the use of antidepressants, hormone therapy, or thyroid medications.

Regarding laboratory parameters, the median albumin level in the low-normal ALT group was 4.5 [IQR
4.2-4.7], compared with 4.6 [IQR 4.2-4.9] in the high-normal ALT group; p = 0.005. The median CPK
levels were 57 [IQR 43-82.7] in the low-normal group while in the high-normal ALT group it was 68 [IQR
47.5-103]; p< 0.001. The median urea level in the low-normal group was 24 [IQR 18—30] compared to 26
[IQR 19.2-33] in the high normal ALT group; p = 0.002. Creatinine, potassium and hemoglobin levels did
not differ significantly between the two groups.

Regarding clinical endpoints, the median length of stay (LOS) in the low-normal ALT group was 56 days
[IQR 16.5—-84], compared with 65 days [IQR 26.5-86] in the high-normal ALT group; p = 0.007. The
mortality rate in the low-normal ALT group was 2.1% compared with 5.7% in the high-normal ALT group;
p =0.008. The readmission rate did not differ significantly between the two study groups.
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Figure 2 present the Kaplan-Meier crude mortality curve for accumulated death events in our study
cohort. The death rate in the high-normal ALT group was higher in a statistically significant manner (p =
0.011).
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Table 01

Cohort patients’ characteristics according to ALT levels

Patients’ characteristics

ALT; IU/L, median [IQR]
Patients’ demographics

Age; years, median [IQR]
BMI, median [IQR]

Smoker; N (%)

Psychiatric comorbidities
Bulimia disorder; N (%)
Depression disorder; N (%)
Bipolar disorder; N (%)
Anxiety disorder; N (%)
Trauma stress disorder; N (%)
Substance use disorder; N (%)
Personality disorder; N (%)
Psychotic disorder; N (%)
0CD; N (%)

Suicidal ideation; N (%)
Suicidal attempt; N (%)
Psychiatric medications
Sedatives; N (%)
Antidepressants; N (%)
Antipsychotics; N (%)
Hormone therapy; N (%)
Thyroid med; N (%)

Laboratory parameters

Overall

[n=907]

14 [11, 20]

22.4[19.6,
28.6]

16.2 [14.7,
17.5]

309 (39.9)

41 (4.5)
98 (10.8)
4(0.4)
36 (4)
20 (2.2)
26 (2.9)
71 (7.8)
6(0.7)
40 (4.4)
17 (1.9)
84 (9.3)

153 (16.9)
316 (34.8)
197 (21.7)
32 (3.5)
22 (2.4)

ALT <17
[n=572]

12[10, 14]

22[19.5,28.3]

16.3[14.9,
17.5]

213 (43.6)

27 (4.7)
71 (12.4)
2(0.3)
27 (4.7)
17 (3)
15 (2.6)
52 (9.1)
6 (1)
24 (4.2)
11 (1.9)
48 (8.5)

108 (18.9)
200 (35)
109 (19.1)
22 (3.8)
12 (2.1)
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17 <ALT <40
IU/L

[n=335]
21 [19, 26]

23[19.6, 29]
15.9[14.0,17.4]

96 (33.6)

14 (4.2)
27 (8.1)
2 (0.6)
9(2.7)
3(0.9)
11 (3.3)
19 (5.7)
0 (0)

16 (4.8)
6 (1.8)
36 (10.8)

45 (13.4)
116 (34.6)
88 (26.3)
10 (3)

10 (3)

value

<0.001

0.118

0.004

0.008

0.83
0.054
0.63
0.18
0.07
0.71
0.08
0.09
0.81

0.3

0.043
0.975
0.014
0.62
0.54




Patients’ characteristics

Albumin, median [IQR]
CPK, median [IQR]
Creatinine, median [IQR]
Urea, median [IQR]

Potassium, meg/L, median
[IQR]

Hb, gr/dL, median [IQR]

Clinical endpoints

Re admissions; N (%)
LOS (days), median [IQR]
Mortality; N (%)

Overall

[n=907]

4.5[4.2,4.8]
60 [44, 91]
0.7[0.6,0.8]
2518, 31]
4.1[3.8,4.4]

13.0[12.2,
13.7]

83 (9.2)
61 [21, 85]
31 (3.4)

ALT <17
[n=572]

4.5[4.2,4.7]
57 [43,82.7]
0.7[0.6,0.8]
24 (18, 30]

4.1[3.8,4.4]

12.9[12.2,
13.7]

56 (9.8)
56 [16.50, 84]
12 (2.1)

17 <ALT <40
IU/L

[n=335]
4.6[4.2,4.9
68 [47.50, 103]
0.7[0.6,0.9]
26 [19.2, 33]
4.1[3.8,4.4]

13.1[12.3,13.8]

27 (8.1)
65 [26.50, 86]
19 (5.7)

value

0.005
<0.001
0.12
0.002
0.03

0.07

0.45
0.007
0.008

Univariate and multivariate analysis for LOS

As presented in Table 2, In univariate analyses examining factors associated with prolonged length of

stay (LOS) in the inpatient setting (Table 2), ALT values = 17 IU/L (the high-normal group) were

associated with increased odds of extended hospitalization (OR = 1.41; 95% CI 1.05-1.90; p = 0.024).
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Table 02
Uni- and Multivariate analyses for length of hospital stay.

Variable Univariate models Multivariate model

OR [95% Cl] Pvalue OR[95% Cl] P value
High - Normal ALT group  1.41[1.05, 1.9] 0.024 1.34[0.85,2.13] 0.207
Albumin (g/dL) 1.65[1.25, 2.2] <0.001 0.86[0.47,1.57] 0.625
Antidepressants use 1.36[1.01,1.85] 0.045 1.3[0.83, 2.06] 0.248
BMI 1.85[1.69,2.03] <0.001 1.94[1.73,2.2] <0.001
Calium (meq/L) 1.6 [1.24,2.07] <0.001 1.79[1.04,3.1] 0.036
Recurrent ER visits 0.72[0.53,0.97] 0.028 0.6 [0.38,0.93] 0.023
Personality disorder 0.58[0.36,0.96] 0.033 0.46 [0.22,0.96] 0.037
Smoker 0.53[0.39,0.72] <0.001 0.49[0.32,0.75] 0.001
Urea (meq/L) 1.02[1.01,1.04] 0.007 1.02[1, 1.04] 0.114

Additional variables associated with longer LOS included lower serum albumin (OR =1.65; 95% Cl 1.25-
2.20; p<0.001), higher BMI (OR =1.85; 95% Cl 1.69-2.03; p < 0.001), higher calcium levels (OR = 1.61;
95% Cl 1.24-2.07; p< 0.001), and higher urea levels (OR =1.02; 95% CI 1.01-1.04; p = 0.007).
Antidepressant treatment was also associated with prolonged hospitalization (OR =1.36; 95% CI 1.01-
1.85; p = 0.045). Conversely, fewer emergency department visits prior to admission (OR =0.72; 95% ClI
0.53-0.97; p = 0.028), a diagnosis of personality disorder (OR =0.58; 95% Cl 0.36-0.96; p = 0.033), and
smoking status (OR =0.53; 95% Cl 0.39-0.72; p < 0.001) were associated with reduced odds of
prolonged LOS.

In multivariate analyses evaluating independent predictors of prolonged LOS, high-normal ALT values
were not independently associated with LOS (OR =1.34; 95% CI 0.85-2.13; p = 0.207). Higher BMI
remained significantly associated with longer hospitalization (OR = 1.94; 95% Cl 1.73-2.20; p< 0.001), as
did elevated calcium levels (OR =1.79; 95% Cl 1.04-3.10; p = 0.036). Fewer emergency department visits
continued to be associated with shorter hospitalization duration (OR = 0.60; 95% Cl 0.38-0.93; p =
0.023), and both personality disorder (OR = 0.46; 95% Cl 0.22-0.96; p = 0.037) and smoking status (OR =
0.49; 95% Cl 0.32-0.75; p = 0.001) remained independently protective. Serum albumin, antidepressant
treatment, sodium concentration, hypothyroidism, and urea were not significantly associated with LOS in
the adjusted model (all p >.05).

Univariate and multivariate analysis for mortality.

As presented in Table 3, In univariate analyses assessing factors associated with mortality during or
following hospitalization, high-normal ALT values were significantly associated with an increased odds
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of death (OR=2.81;95% Cl 1.36—-6.02; p = 0.006). Older age at diagnosis was also associated with
higher mortality (OR =1.09; 95% CI 1.05-1.12; p<0.001). Lower serum albumin (OR =0.33; 95% CI 0.19-
0.58; p<0.001) and lower haemoglobin (OR =0.66; 95% Cl 0.52-0.83; p < 0.001) were associated with
reduced odds of survival. Additional significant laboratory associations included higher AST (OR = 1.03;
95% C1 1.01-1.06; p = 0.008), creatinine (OR =3.6; 95% CI 1.57-10.98; p = 0.007), urea levels (OR = 1.02;
95% Cl 1-1.05; p = 0.02), and lower sodium levels (OR =0.33; 95% CI 0.19-0.58; p = 0.001). Lower BMI
was associated with mortality (OR =0.88;95% CI 0.81-0.95; p <0.001). Bipolar disorder (OR = 30.14;
95% Cl 3.52-258.42; p < 0.001), hypothyroidism (OR =8.61; 95% ClI 1.25-37.60; p = 0.009), and more
hospital readmissions (OR = 6.14; 95% Cl 2.75-13.11; p < 0.001) also showed significant associations.

In multivariate analyses identifying independent predictors of mortality, high-normal ALT values remained
significantly associated with increased odds of death (OR =2.69; 95% Cl 1.02-7.36; p = 0.047). Older age
at diagnosis continued to be associated with mortality (OR =1.08; 95% Cl, 1.04-1.12; p < 0.001). Bipolar
disorder showed a strong and independent association with death (OR =85.77; 95% Cl 4.16—1,198.01; p
=0.001), and greater readmission frequency remained associated with mortality (OR = 6.75; 95% Cl
2.50-17.70; p<0.001). BMI demonstrated a borderline association (OR = 0.83; 95% Cl 0.69-1.00; p =
0.05). Albumin, AST, creatinine, haemoglobin, hypothyroidism, sodium, and urea concentrations were not
independently associated with mortality (all p > 0.05).

Table 03
Uni- and Multivariate analyses for mortality.

Variable Univariate models Multivariate model

OR [95% CI] Pvalue OR[95% Cl] P value
Age (each added year) 1.09[1.05,1.12] <0.001 1.08[1.04,1.12] <0.001
High - Normal ALT group  2.81[1.36, 6.02] 0.006 2.69[1.02, 7.36] 0.047
Albumin (g/dL) 0.33[0.19, 0.58] <0.001 1[0.47,2.18] 0.991
AST (1U/L) 1.03[1.01, 1.06] 0.008 1.02[0.97,1.05] 0.368
Bipolar disorder 30.14[3.52,258.42] <0.001 85.77[4.16,1198.01] 0.001
BMI 0.77[0.67, 0.89] <0.001 0.83[0.69,1] 0.05
Creatinine (meq/L) 3.6 [1.57,10.98] 0.007 2.23[0.8,10.26] 0.217
Haemoglobin (g/dL) 0.66 [0.52, 0.83] <0.001 0.78[0.58,1.06] 0.108
Hypothyroidism 8.61[1.25, 37.6] 0.009 1.9[0.18,13.65] 0.55
Sodium (meq/L) 0.88[0.81, 0.95] 0.001 1[0.91,1.11] 0.992
Readmissions 6.14[2.75,13.11] <0.001 6.75][2.5,17.7] <0.001
Urea (meq/L) 1.02[1,1.05] 0.02 1.01[0.98, 1.04] 0.394
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Discussion

In this large retrospective cohort of hospitalized female patients with anorexia nervosa (AN), we
demonstrate that alanine aminotransferase (ALT) activity within the traditionally normal range carries
significant prognostic information. Specifically, patients with high-normal ALT values (17-40 IU/L)
experienced higher all-cause mortality and longer hospitalizations compared with those whose ALT
values were in the low-normal range. Importantly, this association persisted after multivariable
adjustment for demographic, clinical, psychiatric, and laboratory confounders, underscoring the
robustness of ALT as an independent prognostic marker in this population.

These findings contrast sharply with the prevailing body of literature in non-AN populations, where low-
normal ALT activity has been consistently associated with sarcopenia, frailty, functional decline, and
adverse clinical outcomes [7-13]. In elderly individuals, low ALT correlates with reduced skeletal muscle
mass, diminished grip strength, impaired mobility, and increased mortality, supporting its interpretation
as a surrogate marker of reduced physiological reserve and biological aging [7-13]. Similar associations
have been reported in hospitalized medical patients, community-dwelling cohorts, and in diverse
oncological populations, including both solid tumors and hematologic malignancies [10-12].
Collectively, these studies have positioned low ALT as a biomarker of vulnerability rather than resilience.

Based on this framework, one might have expected patients with AN, who universally suffer from severe
malnutrition and muscle wasting, to demonstrate worse outcomes at lower ALT levels. However, our data
reveal the opposite pattern: higher, not lower, ALT values within the normal range identified patients at
increased risk of mortality and prolonged hospitalization. This paradox suggests that the biological
meaning of ALT variation in AN differs fundamentally from that observed in other clinical contexts.

A plausible explanation lies in the dual origin of circulating ALT, which reflects not only skeletal muscle
mass but also hepatocellular integrity. In most populations, ALT variation within the normal range is
driven predominantly by muscle mass and metabolic reserve. In contrast, in patients with AN, particularly
those with severe and prolonged malnutrition, muscle mass is uniformly reduced, limiting the
contribution of skeletal muscle to circulating ALT levels. Under these circumstances, we hypothesize that
even modest increases in ALT may predominantly reflect ongoing hepatocellular injury rather than
preserved muscle mass, thereby reversing the prognostic interpretation of ALT within its normal limits.

Liver involvement is a well-recognized, yet often underappreciated complication of AN. Abnormal liver
function tests were been reported in up to 43% of severely malnourished patients [16], frequently in the
absence of overt clinical liver disease. Two main pathophysiological mechanisms have been described.
First, starvation-related hepatitis arises during prolonged caloric deprivation and is characterized by
hepatocyte injury mediated by excessive autophagy, oxidative stress, mitochondrial dysfunction, and
increased membrane permeability. While autophagy may initially serve as an adaptive mechanism,
sustained activation ultimately leads to cellular injury and leakage of aminotransferases into the
circulation [17]. Second, refeeding-associated liver injury, including hepatic steatosis and cholestasis,
may occur during nutritional rehabilitation, particularly when caloric intake is advanced rapidly. Both
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mechanisms can result in ALT elevations that may remain within conventional laboratory reference
ranges Yyet reflect clinically meaningful liver parenchymal damage [17].

Our findings suggest that, in AN, hi-normal ALT values may represent a subclinical manifestation of these
hepatic processes, identifying patients with ongoing metabolic or hepatocellular vulnerability. This
interpretation is supported by studies in other liver-related conditions demonstrating that ALT values
within the upper normal range can be associated with histological liver injury. In HBeAg-negative chronic
hepatitis B patients, high-normal ALT has been linked to fibrosis, steatosis, and adverse hepatic
outcomes, challenging the traditional dichotomy between “normal” and “abnormal” ALT [21-23].

The association between high-normal ALT and mortality observed in our cohort may therefore reflect a
broader syndrome of metabolic instability, impaired hepatic adaptation to starvation and refeeding, and
reduced capacity to tolerate physiological stress. Notably, patients in the high-normal ALT group also
exhibited higher creatine phosphokinase and albumin levels, suggesting that ALT elevation is not merely
a marker of generalized catabolism but may reflect organ-specific injury occurring despite relatively
preserved synthetic parameters.

An additional strength of this study lies in the demonstration that the prognostic value of ALT remained
significant even after adjustment for BMI, albumin, renal indices, psychiatric comorbidities, and
readmission burden. This suggests that ALT captures risk information not fully explained by traditional
markers of nutritional status or disease severity. The strong association between readmission frequency
and mortality further emphasizes the importance of chronic disease burden and recurrent
decompensation in shaping long-term outcomes in AN.

From a clinical perspective, these findings carry important implications. ALT is an inexpensive, routinely
measured laboratory parameter that is readily available at the time of hospital admission. Our data
suggest that clinicians should exercise caution in dismissing high-normal ALT values as benign in
patients with AN. Instead, such values may warrant closer monitoring, careful nutritional advancement,
and heightened awareness of potential hepatic and metabolic complications.

Conclusions

In summary, this study demonstrates that, contrary to patterns observed in other populations, high-
normal ALT activity is associated with worse clinical outcomes in patients with anorexia nervosa. These
findings highlight the context-dependent interpretation of ALT and suggest that, in AN, ALT may serve
primarily as a marker of subclinical liver injury rather than preserved muscle mass. Future prospective
studies incorporating longitudinal ALT measurements, imaging, and nutritional data are needed to clarify
the mechanisms underlying this association and to determine whether ALT-guided risk stratification can
inform clinical management in this vulnerable population.

Limitations
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Several limitations should be acknowledged. The retrospective, single-center design limits causal
inference and may reduce generalizability. ALT measurements were based on a single early
hospitalization value, precluding assessment of dynamic changes over time or differentiation between
starvation- and refeeding-related injury. Additionally, imaging and histological data were unavailable,
preventing direct confirmation of liver pathology. Nevertheless, the large sample size, long follow-up
duration, and comprehensive adjustment for confounders strengthen the validity of our conclusions.
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Figure 1

CONSORT flow of study patients.
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Figure 2

Crude Mortality, Kaplan-Meier Curve.
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