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Background: Thyrotoxicosis is often associated with abnormal liver tests. This study aimed to characterize the clinical features and
laboratory findings in thyrotoxic patients with liver abnormalities and to identify predictive factors for differentiating thyroid storm
within this population.

Methods: This is a retrospective review of thyrotoxic patients with hepatic dysfunction between January 2015, and January 2021, at
Siriraj Hospital, Thailand. Univariate and multivariate analyses were performed to identify the factors associated with thyroid storm.
Results: Among 771 thyrotoxic patients, 43 revealed abnormal liver tests within six months of diagnosis (5.58%). The mean age was
53.16 £ 15.10 years, with a female predominance (60.5%), and the majority (97.7%) were diagnosed with Graves’ disease. The most
common comorbidities were atrial fibrillation, heart failure, and dyslipidemia. Hepatic dysfunction presented as non-specific, with
46.5% showing a cholestatic pattern, 30.2% a mixed pattern, and 20.9% a hepatocellular pattern. The most possible etiologies of
hepatic dysfunction were hyperthyroidism-related hepatitis (41.9%) with atrial fibrillation with congestive hepatopathy (38.9%),
concomitant with chronic hepatitis C infection (14.0%), and methimazole-induced hepatic dysfunction (9.3%). The younger age,
congestive heart failure, and total bilirubin levels > 3.0 mg/dL were independent factors in distinguishing clinical thyroid storm among
thyrotoxic patients without thyroid storm.

Conclusion: Liver abnormalities can be observed in patients with thyrotoxicosis. The possible causes are multifactorial, including
hyperthyroidism-related hepatitis, atrial fibrillation with congestive hepatopathy, and chronic hepatitis C infection. Younger age,
congestive heart failure, and total bilirubin > 3.0 mg/dL were predictive factors for thyroid storm diagnosis among thyrotoxic patients.
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Introduction
Thyroid hormones play a crucial role in regulating thermogenesis and human metabolism. These effects are mediated by
regulating various cell types, including hepatocytes, influencing hepatic function. Furthermore, liver cells are integral in
regulating thyroid hormones, including hormone activation and inactivation, transport, and metabolism. Up to 85% of
thyroxine (T4) is converted to triiodothyronine (T3) peripherally by liver cells. Additionally, liver cells synthesize plasma
proteins that bind up to 99% of the thyroid hormones present in plasma.'+

Thyrotoxicosis is a condition caused by excess circulating thyroid hormones, regardless of the underlying cause.” The
global prevalence of thyrotoxicosis ranges from approximately 0.2% to 1.3% in iodine-sufficient regions, with a higher
incidence in females.® Graves’ disease is the most common cause of hyperthyroidism, particularly affecting young to
middle-aged individuals, predominantly women, with a female-to-male incidence ratio of approximately 7 to 10:1.*

Gastrointestinal manifestations of thyrotoxicosis include increased gut motility, which can lead to hyperdefecation
and malabsorption. Abnormalities in liver function tests have been reported in association with hyperthyroidism, though
their frequency varies across studies. Previous studies have found that between 15% and 76% of patients had at least one
liver biochemical abnormality at the time of hyperthyroidism diagnosis.”® Unexplained jaundice, indicative of hepatic
dysfunction, is an important symptom of thyroid storm and is included as a diagnostic criterion in both the Burch-
Wartofsky Point Scale and the guidelines of the Japanese Thyroid Association.”'® The proposed mechanisms of liver
dysfunction associated with hyperthyroidism are direct liver toxicity from prolonged excessive thyroid hormone exposure

Hepatic Medicine: Evidence and Research 2024:16 81-89 81
Received: 11 September 2024 © 2024 Khongsaengbhak et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at htps://www.dovepress.
A com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By

Accepted: 5 November 2024
Published: 8 November 2024

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0009-7177-1068
http://orcid.org/0000-0001-7634-0843
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Khongsaengbhak et al Dove

and hepatocyte anoxia with free-radical damage as a result of the hypermetabolic state, hepatocyte degeneration from
accelerated liver glycogen and protein breakdown, autoimmune-related liver disease, congestive hepatopathy from
concomitant thyrotoxic heart failure, previous underlying liver disease and antithyroid medication-related liver toxicity
and injury.”-'"" '

In this study, we aimed to characterize hepatic dysfunction and identify potential causes of hepatic dysfunction in
Thai patients recently diagnosed with thyrotoxicosis.

Materials and Methods
Study Patients

This study retrospectively reviewed all patients diagnosed with liver test abnormality within 6 months after being
diagnosed with thyrotoxicosis at Siriraj Hospital, Bangkok, Thailand, from January 1, 2015, to January 31, 2021.
Diagnoses were based on the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-
CM) codes EO5 concomitant with K701-K754, R17 or B15-B19. The study protocol was approved by the Siriraj
Institutional Review Board (certificate of approval number Si 029/2020). The requirement to obtain informed consent
was waived due to the retrospective nature of the study.

Eligible patients were over 18 years old and had a diagnosis of hyperthyroidism with thyroid hormone levels
[triiodothyronine (T3) and/ or thyroxine (T4)] above the upper normal limit, and thyroid-stimulating hormone (TSH)
levels below 0.05 mU/L without prior administration of thyroid hormones. Patients with thyroiditis (acute, subacute, or
autoimmune) or those whose clinical features during follow-up were incompatible with thyrotoxicosis were excluded.

Medical Data Collection

Patient medical data were retrieved from electronic medical records. Collected demographic data comprised the age at
the time of thyrotoxicosis diagnosis and gender. Comorbidities such as atrial fibrillation, heart failure, dyslipidemia,
diabetes mellitus, renal disease, and liver status (chronic hepatitis or cirrhosis) with the etiologies of chronic liver disease
were also recorded. Data were collected on clinical history and laboratory test results including TSH, triiodothyronine
(T3 or free T3), thyroxine (T4 or free T4), and liver function tests [alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin, direct bilirubin, albumin, and globulin] throughout
the clinical course of the disease. Clinical outcomes were also noted.

Statistical Analysis

The age of the patients is presented as mean =+ standard deviation. Gender, comorbidities, chronic liver status, and
hyperthyroidism diagnoses are expressed as percentage values. Laboratory test results, including initial, peak, and
resolution levels, are summarized as median values with interquartile ranges or as means with standard deviations.
Univariate analysis was used to identify predictive factors for thyroid storm in patients with thyrotoxicosis. Multivariate
analysis was performed to determine independent factors that significantly predict thyroid storm among these patients,
using forward stepwise logistic regression. The significant predictors (p < 0.05) in the univariate analysis were included
to identify the best multivariate model. A p-value less than 0.05 was considered statistically significant. All statistical
calculations were performed using PASW Statistics, version 18 (SPSS Inc., Chicago, IL, USA).

Results

Of the 771 patients with thyrotoxicosis, 43 (5.58%) were found to have abnormal liver function tests within six months of
their thyrotoxicosis diagnosis, between January 1, 2015, and January 31, 2021, at Siriraj Hospital, Mahidol University,
Bangkok, Thailand. The baseline characteristics are summarized in Table 1. The mean age was 53.16 + 15.10 years, with
a female predominance of 60.5%. Thirty-five patients (81.4%) had comorbidities, including atrial fibrillation (25.6%),
heart failure (23.3%), dyslipidemia (23.3%), diabetes (18.6%), and renal disease (4.7%). Chronic liver diseases were
present in 18 patients (41.9%), with chronic hepatitis C being the most common etiology, followed by chronic hepatitis
B, autoimmune hepatitis, and nonalcoholic fatty liver disease (NAFLD). Only two patients (4.7%) had cirrhosis.
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Table | Baseline Characteristics of the 43 Patients with Thyrotoxicosis and Liver Dysfunction

Patients (n=43)

Age; year, mean * SD 53.16 = 15.10
Sex; male, n (%) 17 (39.5%)
Comorbidity; n (%) 35 (81.4%)
- Atrial fibrillation Il (25.6%)
- Heart failure 10 (23.3%)
- Dyslipidemia 10 (23.3%)
- Diabetes 8 (18.6%)
- Renal disease 2 (4.7%)
Cirrhotic status; n (%) 2 (4.7%)
Chronic liver disease; n (%) 18 (41.9%)
- Chronic hepatitis C 8 (18.6%)
- Chronic hepatitis B 6 (14.0%)
- Autoimmune hepatitis 2 (4.7%)
- NAFLD 2 (4.7%)

Diagnosis of thyrotoxicosis; n (%)

- Graves’ disease 42 (97.7%)
- Amiodarone induced thyrotoxicosis 1 (2.3%)
Clinical thyroid storm; n (%) 9 (20.9%)

Onset of hepatitis; n, (%)

- Diagnosis of thyrotoxicosis 23 (53.5%)

- After initial treatment of thyrotoxicosis 20 (46.5%)

Duration of thyrotoxicosis before development of hepatic dysfunction; median (IQR), week | 5.79 (4.07-16.57)

Pattern of liver injury according to R factor for liver injury

- Hepatocellular; n (%) 9 (20.9%)
- Cholestatic; n (%) 20 (46.5%)
- Mixed pattern; n (%) 13 (30.2%)

Clinical outcome of hepatitis; n (%)

- Resolve 33 (76.7%)

- Persistent abnormality 10 (23.3%)

Notes: Data are expressed as the means + SDs or numbers (percentages) or median (IQR).
Abbreviation: NAFLD, nonalcoholic fatty liver disease.

Most patients with thyrotoxicosis were diagnosed with Graves’ disease (97.7%), with only one patient having
amiodarone-induced thyrotoxicosis. At the initial presentation, 9 of 43 patients (20.9%) had a clinical diagnosis of
thyroid storm. Twenty-three patients (53.5%) had at least one abnormal liver test at the time of thyrotoxicosis diagnosis,

while the remaining patients revealed abnormal liver tests at a median of 5.79 weeks (interquartile range [IQR]
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4.07-16.57) after the diagnosis of thyrotoxicosis. Abnormal liver tests among patients with thyrotoxicosis were classified
according to the R factor for liver injury, which depends on ALT and alkaline phosphatase levels.'> Most patients
exhibited a cholestatic pattern (46.5%), followed by a mixed pattern (30.2%) and a hepatocellular pattern (20.9%).
Although hepatic outcomes after treatment of thyrotoxicosis largely resolved, with about 76.7% of patients showing
improvement, nearly one-fourth of patients had persistent abnormal liver tests.

The laboratory tests, including thyroid hormones, TSH, and liver function tests investigated during the clinical course
of thyrotoxicosis treatment, are summarized in Table 2. For thyroid function tests (TSH, T4, FT4, T3, and FT3) the initial
laboratory results were nearly similar to the peak values observed during the clinical course. After treatment, all thyroid
function tests showed improvement and returned to normal ranges. At the time of thyrotoxicosis diagnosis, the mean
TSH level was 0.01 = 0.02 ulU/mL, which was similar to the maximal level observed during the clinical course, 0.01 £
0.01 ulU/mL. For liver function tests, Figure 1 demonstrates the trends and levels of liver function tests, including AST,
ALT, ALP, total bilirubin, and direct bilirubin, at initial abnormality, peak abnormality, and after resolution among
thyrotoxic patients. Patients with hepatocellular and mixed injury showed elevated liver enzymes both at the first liver
function abnormality and slightly increased levels at the peak of the clinical course. The median AST levels were 64.5 U/
L (IQR, 42.0-110.0) at the initial liver abnormality and 80.0 U/L (IQR, 63.0-172.0) at peak, and the median ALT levels

Table 2 Thyroid Function Test and Liver Function Test at Initial Abnormalities, Peak Abnormalities, and After

Resolution of 43 Patients with Thyrotoxicosis

Initial Peak After Resolution Normal Range
TSH (ulU/mL) 0.0l £0.02 0.01 £ 0.0l 2.53 £3.82 0.27-4.20
N =43 N = 4| N =35
T3 (ng/dl) 314.06 + 185.80 315.06 + 178.09 118.04 + 29.54 80-200
N =36 N =38 N =20
Free T3 (pg/mL) | 9.49 + 7.54 9.78 + 8.39 2.82 + 1.0l 2.04-4.40
N =6 N =5 N =4
T4 (ug/dl) 14.88 + 1.95 14.88 + 1.95 10.94 + 5.76 5.10-14.10
N=5 N=5 N=2
Free T4 (ng/dL) | 4.71 +2.28 477 £ 224 1.15 £ 0.34 0.92-1.68
N =38 N =39 N =38
AST (U/L) 64.5 (42.0-110.0) 80.0 (63.0-172.0) 34.5 (26.0-50.0) Male: 040, Female: 0-32
N =32 N =29 N =26
ALT (U/L) 70.0 (26.0-105.0) 91.0 (52.0-105.0) 30.0 (22.0-43.0) Male: 041, Female: 0-33
N =33 N =29 N =27
ALP (U/L) 137.5 (102.00-195.0) | 164.0 (126.5-221.5) | 133.0 (105.0-142.0) | Male: 40129, Female: 35-104
N =42 N =36 N =25
TB (mg/dL) 3.60 (2.24-5.31) 3.86 (2.60-7.37) 1.19 (0.70-1.76) 0.0-1.2
N =29 N =29 N =23
DB (mg/dL) 2.73 (1.44-5.05) 2.71 (1.86-6.31) 0.73 (0.27-1.34) 0.0-0.3
N =28 N =29 N=19
Alb (g/dL) 3.28 £ 0.69 327 £0.75 3.72 £ 0.63 3.5-5.2
N = 34 N =34 N =29
Glo (g/dL) 3.74 £ 0.82 3.72 £ 0.83 3.82+£0.70 1.5-3.5
N = 34 N = 34 N =26

Notes: Data are expressed as the means + SDs or median (IQR).

Abbreviations: alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DB, direct bilirubin;

TB, total bilirubin; TSH, thyroid-stimulating hormone; T3, triiodothyronine; T4, thyroxine.
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Figure | Shows the median levels of liver enzymes and bilirubin at initial abnormality, peak abnormality, and after resolution in patients with thyrotoxicosis.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DB, direct bilirubin; TB, total bilirubin.

were 70.0 U/L (IQR, 26.0-105.0) at initial liver abnormality and 91.0 U/L (IQR, 52.0-105.0) at peak. In patients with
cholestatic or mixed liver injury, ALP levels showed mild elevation both at the initial liver abnormality and at peak
levels. The median ALP levels were 137.5 U/L (IQR, 102.0-195.0) at the initial liver abnormality and 164.0 U/L (IQR,
126.5-221.5) at the maximum levels. Albumin levels were similar at the initial liver abnormality and at the peak of the
clinical course, with values of 3.28 + 0.69 g/dL and 3.27 + 0.75 g/dL, respectively. Finally, all liver function tests
declined and became within normal range after resolve of thyrotoxicosis.

Possible causes of liver dysfunction in patients with thyrotoxicosis from our study are shown in Table 3. The most
common cause was hyperthyroidism-related hepatitis, found in 18 patients (41.9%). Among these 18 patients, 7 (38.9%)
had atrial fibrillation due to hyperthyroidism with congestive hepatopathy. Additionally, there were 2 cases (4.7%) of
congestive heart failure not definitively related to hyperthyroidism. Some patients had underlying chronic liver diseases
such as chronic hepatitis C (14.0%), autoimmune hepatitis (7.0%), chronic hepatitis B with reactivation (2.3%), and

Table 3 Possible Cause of Hepatic Dysfunction in Thyrotoxicosis

Possible Causes of Hepatitis Patients (n = 43)
Hyperthyroid; n (%) 18 (41.9)
- Atrial fibrillation with congestive hepatopathy 7 (38.9)
Chronic hepatitis C; n (%) 6 (14.0)
Methimazole induced hepatic dysfunction; n (%) 4 (9.3)
Autoimmune hepatitis; n (%) 3 (7.0)
Other drug induced liver injury; Amoxicillin/Clavulanic acid, meropenem, acetaminophen; n (%) 3 (7.0)
Congestive hepatopathy due to other cardiac cause; n (%) 2 (4.7)
Other viral infection; dengue hemorrhagic fever, unspecified viral infection; n (%) 2 (4.7)
Hypoxic hepatitis; n (%) I (2.3)
Non-alcoholic fatty liver; n (%) I (2.3)
Hepatitis B flare; n (%) I (2.3)
Acute hepatitis E; n (%) I (2.3)
Unknown; n (%) I (2.3)

Notes: Data are expressed as numbers (percentages) or median.
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Table 4 Univariate and Multivariate Analyses of Predictors Differentiating Patients with Thyroid Storm from Thyrotoxic
Patients Without Thyroid Storm

Univariable Analysis | Crude p Multivariable Analysis p
Crude OR (95% CI) Adjusted OR (95% CI)
Age; years 0.913 (0.853-0.977) 0.008 0.772 (0.606-0.983) 0.036
Sex; male, n (%) 2.763 (0.499-15.294) 0.244
Congestive heart failure; n (%) 11.600 (2.163—-62.224) | 0.004 219.154 (2.388-20,113.349) | 0.019
Gastrointestinal symptoms (other than jaundice) | 0.300 (0.033-2.723) 0.285
Body temperature = 38°C; n (%) 16.500 (1.460-186.409) | 0.023
Tachycardia; n (%) 20.667 (3.337-127.998) | 0.001
Total bilirubin = 3 (mg/dl); n (%) 7.318 (1.300-41.194) 0.024 580.745 (1.292-261,035.172) | 0.041
Aspartate aminotransferase 1.000 (1.000-1.001) 0.210
Alanine aminotransferase 1.001 (0.999-1.002) 0.412
Alkaline phosphatase 1.001 (0.995-1.008) 0.704
Albumin 0.608 (0.197-1.881) 0.388
Globulin 0.908 (0.340-2.426) 0.847

NAFLD (2.3%). As a complication of thyrotoxicosis treatment, methimazole (MMI)-induced hepatic dysfunction
occurred in 4 cases (9.3%). The pattern of liver injury varied: 2 patients had hepatocellular injury, while 1 patient
each showed cholestatic and mixed injury. All these patients underwent I-131 ablation therapy, and liver function tests
normalized in 3 out of the 4 patients. However, the patient with cholestatic liver injury continued to exhibit persistent
cholestasis, and a liver biopsy confirmed cholangiopathy consistent with MMI-induced cholestasis. Other drug-induced
liver injuries were reported in up to 7.0% of cases, with the culprit drugs including a combination of amoxicillin and
clavulanic acid, meropenem, and acetaminophen.

Table 4 shows the univariate and multivariate analysis to identify clinical factors that predicted the clinical thyroid
storm among patients with thyrotoxicosis. Several clinical predictors were identified that could differentiate patients with
clinical thyroid storm from those with thyrotoxicosis who did not meet the criteria for thyroid storm. In univariate
analysis, factors that increased the risk of clinical thyroid storm compared to no clinical thyroid storm included younger
age, presence of congestive heart failure, body temperature > 38°C, tachycardia with a heart rate > 130 beats per minute,
and total bilirubin level > 3.0 mg/dL. For central nervous system (CNS) involvement, one of the criteria for diagnosing
thyroid storm, no patients with thyrotoxicosis who were not diagnosed with thyroid storm had CNS involvement.
Therefore, CNS involvement was excluded from this univariate analysis. However, liver function tests other than
bilirubin levels, as well as other gastrointestinal symptoms, were not statistically significant in differentiating clinical
thyroid storm among patients with thyrotoxicosis. After adjusting for the subdistribution of the predictors in multi-
variable logistic regression analysis, only three factors: younger age, presence of congestive heart failure, and total
bilirubin level > 3.0 mg/dL, remained significant clinical predictors for thyroid storm among these patients.

Discussion

Hepatic dysfunction has been associated with hyperthyroidism either at the initial diagnosis or developed during ongoing
treatment. These abnormalities may result from direct injury from thyrotoxicosis, underlying chronic liver diseases,
subsequent liver dysfunction caused by thyrotoxicosis, or treatment-related complications.” *'* Our study describes the
demographic data, laboratory findings, and possible causes of hepatic dysfunction among patients with thyrotoxicosis, as
well as the independent clinical predictive factors for clinical thyroid storm, in a tertiary healthcare center in Thailand.

86 https: Hepatic Medicine: Evidence and Research 2024:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Khongsaengbhak et al

The prevalence of liver biochemical abnormalities among patients with thyrotoxicosis in our study was 5.58%, which
is lower compared to previous studies reporting a prevalence range of 15-76%.>® This discrepancy may be due to
underestimation, as not all patients diagnosed with thyrotoxicosis routinely undergo liver function tests, especially those
with mild clinical symptoms, no jaundice, or no suspicion of preexisting liver diseases. Moreover, our data retrieved
based on ICD-10-CM codes might miss diagnoses in cases who slightly elevated in laboratory levels and rapidly
normalized after initial treatment.

Approximately one-fourth of all our patients had atrial fibrillation, consistent with previous reports indicating that
atrial fibrillation occurs in 10 to 25% of patients with hyperthyroidism. Moreover, hyperthyroidism alters hemodynamics
and reduces myocardial contractile reserve, precluding further increases in ejection fraction and cardiac output during
exertion, which can result in high-output heart failure. Longstanding hyperthyroidism may consequence in decreased
cardiac contractility, abnormal diastolic compliance, and pulmonary congestion, ultimately resulting in congestive heart
failure.'®!” Additionally, in our study, 18.6% of patients had diabetes, irrespective of the type or glycemic status. The
prevalence of thyroid dysfunction regardless of autoimmune antibodies among type 2 diabetes mellitus was up to
16%."®'? Increased insulin resistance occurs and is the mainly cause of metabolic alterations in patients with thyrotox-
icosis because excess thyroid hormone elevates endogenous glucose synthesis, increases insulin requirement, and
decreases hepatic insulin sensitivity.>°

Our result shows that 41.9% of the patients had preexisting chronic liver diseases, with eight patients (18.6%) having
chronic hepatitis C. Previous studies have shown that chronic hepatitis C is associated with autoimmune thyroid disease,
both with and without interferon-o. (IFN-a) treatment.”'** The prevalence of patients seropositive for anti-HCV was
21.4%, while the prevalence of hyperthyroidism among patients with chronic hepatitis C is up to 10%.%>** The proposed
mechanisms may involve hepatitis C virus-related extrahepatic manifestations through immunological disorders or the
triggering of latent autoimmune thyroiditis by IFN-0.>*?* For another chronic liver comorbidity, although hyperthyroid-
ism is rarely reported to be associated with autoimmune hepatitis, one study has shown that 6% of patients with Graves’
disease also have autoimmune hepatitis." Our result revealed that 4.7% of patients with thyrotoxicosis with hepatic
dysfunction had autoimmune hepatitis.

A systematic review and meta-analysis have demonstrated the prevalence of abnormal liver tests among patients with
hyperthyroidism: 23% for AST, 33% for ALT, 44% for ALP, and 12% for bilirubin.?® Our study classified patients with
abnormal liver tests according to the R factor for liver injury. The majority of these patients exhibited cholestatic liver
injury (46.5%), characterized by a prominent elevation of alkaline phosphatase levels. This data may overestimate the
prevalence of cholestatic liver injury, as elevated alkaline phosphatase is not specific to hepatic sources alone. Although
elevated alkaline phosphatase levels have been reported in up to 67% of thyrotoxic patients, these elevations may result
from hormone-induced cholestasis as well as increased osteoblast activity.>?’ For hepatocellular injury, our data showed
mild elevation of liver enzymes, with median peak levels of AST and ALT being 80 IU/L and 91 IU/L, respectively. The
study reported elevations in AST and ALT levels to 50.6 =+ 3.5 IU/L and 48.6 + 4.9 IU/L, respectively.”” Our data showed
higher levels of both AST and ALT because we specifically analyzed thyrotoxic patients with either hepatocellular or
mixed injury, excluding those with cholestatic injury. However, in severe cases of hepatocellular injury, AST and ALT
levels can markedly rise, reaching up to 80.3 and 45 times the upper normal limit, respectively.'’ Liver histology
predominantly reveals non-specific changes on light microscopy, including mild lobular inflammation, nuclear changes,
and Kupffer cell hyperplasia. In a few cases, more extensive hepatic damage is observed, characterized by centrizonal
necrosis and perivenular fibrosis." Only a few reported cases have presented with fulminant liver failure.*®

In thyroid storm, the diagnosis is based on the clinical manifestations and laboratory tests according to the Burch-
Wartofsky Point Scale and the guidelines of the Japanese Thyroid Association.”'® This study identified independent
factors for distinguishing clinical thyroid storm from thyrotoxicosis without thyroid storm. These factors include
advanced age, the presence of congestive heart failure, and hyperbilirubinemia with total bilirubin levels > 3 mg/dL.
Both congestive heart failure and unexplained jaundice are diagnostic criteria for thyroid storm according to established
guidelines. Although gastrointestinal symptoms other than jaundice and high body temperature (> 38°C) are diagnostic
criteria for thyroid storm, they did not prove to be significant predictors after univariate and multivariate analyses.
Moreover, liver test abnormalities, except bilirubin levels, did not significantly predict thyroid storm among thyrotoxic
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patients. However, a few case reports showed that thyroid storm can cause severe fulminant hepatitis or acute liver
failure, with AST and ALT levels rising to several hundred to over 1000 TU/L.?%*°

There are several limitations in our study. Firstly, it was conducted at a single center, Siriraj Hospital, a tertiary
university center, which may not represent the broader Thai population or accurately reflect all regions of Thailand.
Secondly, being a retrospective cohort study, it may miss diagnoses in cases with mild liver test abnormalities that
spontaneously resolve after thyrotoxicosis treatment. Consequently, the prevalence of abnormal liver tests among patients
with thyrotoxicosis may be underestimated. Moreover, some laboratory data may be missing or incomplete due to
variations in follow-up duration and decision-making by primary physicians. Finally, most causes of liver dysfunction
among thyrotoxic patients in our study are presumed, with neither definitive proof nor biopsy confirmation.

Conclusion

Liver abnormalities in patients with thyrotoxicosis are varied and not specific to any particular pattern of liver injury. The
causes are mostly multifactorial, with the main contributors being hyperthyroidism-related hepatitis, atrial fibrillation
with congestive hepatopathy, and chronic hepatitis C infection. This study identified independent predictive factors
differentiating clinical thyroid storm from thyrotoxicosis without thyroid storm, including younger age, congestive heart
failure, and hyperbilirubinemia (total bilirubin > 3.0 mg/dL).
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ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CNS, central nervous
system; FT3, free triiodothyronine; FT4, free thyroxine; IFN-a, interferon-o; IQR, interquartile range; MMI, methima-
zole; NAFLD, nonalcoholic fatty liver disease; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone.
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