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ABSTRACT

Thyroid disease affects 6.6% of the general population. The liver is fundamental in me-
tabolizing thyroid hormones, and hepatocytes are often affected in thyroid disease. We aimed to
compare clinical and laboratory parameters among thyroid disease patients with alanine amino-
transferase (ALT) levels above vs. below the upper tertile. A retrospective
cross-sectional analytical study was conducted in the endocrinology clinic at Polydoro Ernani de Sao
Thiago University Hospital. Patients with thyroid disease between August 2012 and January 2014
were included in the study. Clinical and laboratory parameters were collected from medical records.

One hundred patients were included, of which 14.0% were male, with a mean age of 49.1
+ 14.4 years. ALT levels ranged from 9 to 90 U/L, and the ALT upper tertile was defined as 0,64 times
the upper normal limit (xUNL). Patients with ALT levels above the upper tertile exhibited a higher
proportion of systemic arterial hypertension (SAH), a higher mean abdominal circumference and a
higher frequency of elevated TSH levels than did patients with ALT levels below the upper tertile. In
multivariate analysis, ALT > 0.64 (xUNL) was independently associated with abdominal circumfer-
ence (odds ratio [OR] = 0.087, 95% confidence interval [CI] 0012-0167, P = 0.022). ALT (xUNL) correlated
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positively with total cholesterol (r = 0.213, P = 0.042).

ence and ALT levels correlate with total cholesterol.
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INTRODUCTION

hyroid disease refers to a class of common disor-

ders that are among the most prevalent medical
afflictions. These disorders affect approximately 6.6%
of the world population, with females being 5-10 times
more likely than males to develop some kind of abnor-
mality in the thyroid gland (1,2). The epidemiology
of thyroid disease varies considerably between differ-
ent subpopulations; living in iodine-deficient regions,
which includes a third of the world population, is an
important risk factor for the onset of goiter and hypo-
thyroidism. The prevalence of hyperthyroidism is 0.5-
2% in women and 0.1-0.2% in men, whereas hypothy-
roidism occurs in 0.06-1.2% in women and 0.1-0.4%
in men (2).
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In patients with thyroid diseases,
it was observed that those with ALT above the upper tertile are associated with abdominal circumfer-
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The thyroid gland synthesizes hormones that af-
tect the functioning of all organs, tissues and cells of
the body. Thyroid hormones modulate oxygen con-
sumption rates, thermogenesis, the expression of the
low-density lipoprotein (LDL) receptor, the strength
and frequency of myocardial contraction (3) and bone
turnover (4). In addition, thyroid hormones have great
importance in the physiology of the gastrointestinal
tract: they are necessary for the maturation of its mu-
cous membranes and influence gastrointestinal motil-
ity, glucose and fat uptake, and the composition of bile

salts (5).

Besides being vulnerable to thyroid afflictions, the :

liver is fundamental in metabolizing thyroid hormones
and regulates their systemic effects (6,7). The de-iodin-
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ation and conversion of thyroxin (T4) to triiodothyro-
nin (T3) also occurs in the liver (8,9). The liver syn-
thesizes several plasma proteins that bind to lipophilic
thyroid hormones, keeping the great majority inactive
at any given time (10). Therefore, while the thyroid is
important for maintaining the integrity of liver cells,
the integrity of hepatocytes is essential for maintaining
the homeostasis of thyroid hormones’ functions.

Hypothyroidism directly affects the structure and
function of hepatocytes, and is associated with choles-
tatic jaundice, which is attributed to reduced excretion
of bilirubin and bile and reduced flow of bile (10). In
addition, hypothyroidism is associated with obesity and
dyslipidemia (11), which can induce steatogenesis and
lead to nonalcoholic steatohepatitis. This association
occurs because thyroid hormones increase the expres-
sion of LDL receptors in hepatocytes (12) and increase
the activity of fat-reducing liver enzymes, leading to de-
creased levels of circulating LDL (13). Hypothyroidism
also leads to decreased intestinal motility that promotes
increased intestinal absorption of enteric cholesterol
(14).Indeed, increased serum levels of gamma-glutamyl
transferase (GGT) and alanine aminotransferase (ALT)
have been detected even in cases of minimal hypothy-
roidism. Moreover, liver damage can be detected in sub-
clinical thyroid disease cases, with evidence of metabolic
changes in liver-associated laboratory parameters (15).

An excess of thyroid hormone is also associated
with liver injury. In thyrotoxicosis, hepatic afflictions
are common and include hepatocellular injury, elevated
liver enzymes (aspartate aminotransferase [AST] and
ALT), cholestasis, and increased levels of alkaline phos-
phatase (ALP), GGT and bilirubin. It is believed that
hepatitis caused by thyrotoxicosis is due to hypoxia in
perivenular regions, reflecting an increased oxygen up-
take by hepatocytes without a corresponding increase
in blood flow (16).

Since serum ALT concentration is the most com-
monly used variable for assessment of liver disease (15)
and is a is a suitable test to identify subjects with chron-
ic liver disease even in an asymptomatic phase (16), we
aim to compare clinical and laboratory characteristics
among individuals with thyroid disease with and with-
out ALT above the upper tertile.

SUBJECTS AND METHODS

This cross-sectional analytical study was comprised of
adults with thyroid diseases treated at outpatient clinics
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of the endocrinology unit of the University Hospital of
Federal University of Santa Catarina. On routine visits,
patients were invited to take part in the study and sign
the informed consent form in duplicate. Clinical and
laboratory data were collected from the patients’ medi-
cal records. Individuals with thyroid disease treated be-
tween August 2012 and January 2014 were eligible for
inclusion in the study. Patients who didn’t take tests to
assess liver (ALT and AST) or thyroid (thyroid-stimu-
lating hormone [TSH] and T4 free) function or who
had insufficient information in their medical record
were excluded from the study.

Patients were analyzed for the following clinical and
epidemiological parameters: age, gender, co-morbi-
dities (diabetes mellitus, systemic arterial hypertension,
hypercholesterolemia hypertriglyceridemia), ethnicity,
weight, body mass index, waist circumference, thy-
roid disease type, thyroid hormone metabolism-related
medication use, prior ablation of the thyroid with ra-
dioactive iodine (I'*') and prior surgical thyroidecto-
my. Patients were considered to have diabetes mellitus
if they displayed symptoms of polyuria, polydipsia and
unexplained weight loss plus fasting glucose > 126 mg/dL
and/or plasma glucose > 200 mg/dL after 2 hours of
75 mg of glucose administration (17). Patients were
considered hypertensive if their blood pressure was >
140,/90 mmHg (18). Patients were considered to have
dyslipidemia if they displayed isolated hypercholester-
olemia (defined as total serum cholesterol > 200 mg/
dL, LDL cholesterol 2 160 mg/dL) and/or low le-
vels of high density lipoprotein (HDL) (< 50 mg/dL
for women and < 40 mg/dL for men) and /or isolated
hypertriglyceridemia (defined as serum triglycerides >
150 mg/dL) (19). Laboratory parameters analyzed
were: fasting glucose, fasting insulin, total cholesterol,
HDL, LDL, triglycerides, AST, ALT, free T4, TSH,
surface antigen of the hepatitis B virus and antibodies
to hepatitis C virus. Laboratory tests were expressed in
absolute values.

Patients were evaluated in relation to ALT values.
Bivariate analyses were performed to identify param-
eters associated with ALT values above the upper ter-
tile. Numerical parameters were expressed as mean +
standard deviation and compared using Student’s t test
for samples with normal distribution or Mann-Whitney
test for non-normally distributed samples. Qualitative
parameters were represented by relative frequency (%)
and analyses performed using chi-squared (q) test or,
when necessary, Fisher exact test (f). Bivariate and mul-
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tivariate analyses were performed to identify parameters
independently associated with ALT above the upper
tertile. The correlation between continuous parameters
and ALT was assessed using Spearman’s correlation
coefficient. P-values less than 0.05 were considered
statistically significant. All tests were two-tailed and
performed by the Statistical Package for Social Sciences
(SPSS) version 17.0 (SPSS, Chicago, Illinois, USA).
This study protocol conforms to the ethics recom-
mendations of the Helsinki Declaration of 1975 and
was approved by the Ethics and Human Research
Committee of the university, number 318.763.

RESULTS

Characteristics of the patient population

One hundred and thirteen patients with thyroid disease
treated at this institution were evaluated for inclusion
in the study. Thirteen patients were excluded from the
study for not having conducted tests of ALT, AST, free
T4 and/or TSH.

The mean age of the 100 patients included in the
study was 49.1 + 14.4 years. Fourteen percent of the
patients were men. The majority of patients (71%) had
been diagnosed with Hashimoto’s thyroiditis, 11.8% with

Alanine aminotransferase in thyroid diseases

unspecified hypothyroidism, 2.1% with unspecified hy-
perthyroidism, 6.5% after ablation with radioactive iodine
(1131), 4.3% after surgical thyroidectomy and 4.3% with
Graves’ disease. On average, patients had 1.2 + 0.3 ng/dL
of free T4 and 26.1 + 8.2 mIU/mL of TSH. When taken,
the mean dose of levothyroxine was 96.8 + 42.0 pg.

The mean ALT level was 36.3 + 11.8 U /1. The up-
per tertile of ALT was 0.64 xXUNL; 35 of the 100 pa-
tients had an ALT level greater than this upper tertile.
On average, patients had ALT values of 0.6 £ 0.2 (0.6)
xUNL, a value below the upper tertile of serum con-
centrations of the enzyme. Two patients had hepatitis
C and none were positive for hepatitis B virus surface
antigen. Regarding liver biochemistry, individuals stu-
died had a mean ALT of 0.6 + 0.2 (0.6) xXUNL; AST
of 0.6 £ 0.2 (0.6) xUNL; FA of 0.7 = 0.2 (0.6) xXUNL;
GGT 0.7 £ 0.6 (0.5) xUNL. Of the studied individuals
35 (35%) had ALT equal to or above the upper tertile
(0.64 xUNL).

Comparative analysis of the patients above and
below the ALT upper tertile

When the 35 patients with ALT levels above the upper
tertile were compared to the 65 patients with ALT levels
below the upper tertile (Tables 1 and 2), we observed
a higher proportion of individuals with systemic arte-

Table 1. Clinical parameters of 100 patients with thyroid disease according to ALT values above the upper tertile*

Characteristic All (n = 100) ALT > 0.64 (n = 35) ALT < 0.64 (n = 65) p
Age (years)t 49.1 + 14.4 (50.0) 50.5 + 11.4 (52.0) 48.3 + 15.8 (49.0) 0.411
Male (%) 14.0 5.7 18.5 0.129
Arterial hypertension (%) 38.4 52.9 30.8 0.031¢
Diabetes mellitus (%) 14.0 17.1 12.3 0.553
Hypercholesterolemia (%) 36.0 40.0 33.8 0.541¢
Hypertriglyceridemia (%) 16.0 25.7 10.8 0.052¢
Caucasian ethnicity (%) 92.7 93.8 92.2 1.0001
Weight (kg)! 70.5 = 14.2 (68.9) 71.3 £ 133 (70.5) 70.0 = 14.7 (68.0) 0.661t
BMI (kg/m?)t 27.8+5.2(27.1) 28.4+5.3(27.2) 275+72(27.1) 0.391m
Waist circumference (cm)? 92.9 +12.0 (92.0) 101.6 + 13.8 (104.0) 90.7 +£10.7 (91.0) 0.013t
Hyperthyroidism (%) 5.0 5.7 4.6 1,000
Hypothyroidism (%) 93.0 91.4 93.8 0.693
Thyroid medication (%) 93.9 91.2 95.3 0.415'
Levothyroxine (%) 89.8 88.2 90.6 0.735'
Levothyroxine dose (mcg)! 96.8 + 42.0 (100.0) 88.8 + 46.0 (81.5) 101.1 £ 39.5 (100.0) 0.194t
Tiamazol (%) 43 3.0 49 1,000f
Previous ablation with I™*! 8.0 2.9 10.8 0.255'
Previous thyroidectomy (%) 4.0 0.0 6.2 0.295'

* ALT > 0.64 times the upper normal limit (XUNL); T mean + standard deviation (median); BMI = body mass index; I'*' = radioactive iodine 131; ALT = alanine transaminase; ¢ = t student test; g

= Fisher exact test; m = Mann Whitney.
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Table 2. Laboratory parameters of 100 patients with thyroid disease according to ALT values above the upper tertile*

Characteristic ® =AI1|00) A(Ll;r =2 25(;4 A:‘: : 25?4 p

Free T, (ng/dL) 12+03(1.2) 12+03(1.2) 1.2+0.3(1.2) 0.768"
TSH > 3.0 puUl/mL (%) 52.0 65.7 44.6 0.044¢
Glucose (mg/dL)t 103.5 = 37.6 (93.0) 106.8 + 33.0 (95.0) 101.9 + 39.9 (92.0) 0.316"
Fasting insulin (WU/mL)#t 9.7 +12.2 (8.6) 7.8+4.4(7.0) 10.9+15.0 (8.6) 0.431m
Total colesterol (mg/dL)t 202.5 + 48.3 (195.0) 213.6 = 48.7 (203.0) 197.0 + 47.5 (190.5) 0.070"
HDL (mg/dL)" 53.3 + 13.8 (50.5) 54.4 +14.4 (53.0) 52.7 + 13.6 (50.0) 0.418"
LDL (mg/dL)t 123.2 = 38.8 (121.0) 1315 + 43.3 (124.0) 119.0 = 35.8 (116.5) 0.112n
Triglycerides (mg/dL)t 112.2 + 66.0 (93.0) 130.7 £ 80.3 (114.0) 103.1 + 53.6 (88.0) 0.114m

*ALT > 0.64 times the upper normal limit (XUNL); f mean = standard deviation (median); * data available for 66 patients; Free T4: free thyroxine; TSH: thyroid-stimulating hormone; HDL: high-density

lipoprotein; LDL: low-density lipoprotein; m: Mann Whitney; g: Chi-square test.

rial hypertension (52.9% versus 30.8%; P = 0.031) and
with TSH levels 2 3.0 mIU/ml (65.7% versus 44.6%;
P =0.044). A higher mean waist circumference was also
observed among the patients with ALT levels above the
upper tertile (101.6 + 13.8 cm versus 90.7 + 10.7 cm;
P = 0.013). There were no significant differences be-
tween the two groups in age, weight, glucose, free T4,
tasting insulin, HDL, LDL or triglycerides. There were
also no differences in gender, ethnicity, history of dia-
betes, hypercholesterolemia, hyperthyroidism, hypo-
thyroidism, use of thyroid medication, prior ablation
with 13! or prior surgical thyroidectomy.

Parameters with P values < 0.050 (waist circum-
ference, systemic arterial hypertension frequency and
elevated TSH frequency) were included in a multivari-
ate analysis. Only waist circumference (OR = 0.087,
95% CI10.012-0.167, P = 0.022) was associated inde-
pendently with ALT levels.

There was also a positive correlation between ALT
levels and total cholesterol levels across the entire study
sample, independent of ALT level strata (r = 0.213,
P = 0.042) (Figure 1). No such correlation between
ALT levels and age, waist circumference, weight, body
mass index, HDL, LDL, triglycerides, fasting insulin,
fasting glucose, free T4 nor TSH was observed.

DISCUSSION

With respect to the parameters of age (20,21) gender
(22), and etiology of thyroid disease (23,24), the pres-
ent study sample is consistent with previous studies of
thyroid disease. The average age reported in individuals
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Figure 1. Study patients present a positive correlation between total
cholesterol levels and ALT levels (r = 0.213; p = 0.042).

with thyroid disease is 41-50 years (20,21), and the
prevalence of hypothyroidism increases with increas-
ing age of the population studied (25). Among our pa-
tients, 71% had Hashimoto’s thyroiditis as the etiology
of thyroid disease, which corroborates findings in the
literature that this thyroiditis ranks as the leading cause
of hypothyroidism (23,24).

Liver disease is the primary cause of increased ALT
levels. Several factors other than liver disease must be
considered when interpreting ALT levels, such as: 45%
variation during the day; 10-30% variation from one day
to the next; 15% elevation in African-American men;
a direct relationship between weight and ALT; and a
three-fold increase with strenuous exercise (26). Dif-
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ferential diagnosis on aminotransferases elevations may
reflect liver diseases (alcoholic and nonalcoholic hepatic
steatosis, liver injury induced by drugs, viral hepatitis,
autoimmune hepatitis, hemochromatosis, etc.) or be
caused by pathologies affecting organs other than the
liver such as thyroid disease, celiac disease, hemolysis,
muscle disorders, among others (27). Since blood was
collected in the morning, before breakfast, fasting may
have controlled some variables that would have influ-
enced the ALT levels. However, as in other studies, it
was impossible for us to control all of the variables. The
majority (93%) of the patients in our study were Cau-
casian, and co-morbidities did not statistically influence
the ALT levels.

The vast majority of individuals analyzed in this study
presented ALT levels within the normal range. A recent
study of the general population demonstrated that pa-
tients with normal versus elevated ALT levels may have
a similar severity of nonalcoholic steatohepatitis, sug-
gesting that ALT levels may sometimes be a misleading
parameter for guiding clinical management (28). ALT
levels may also be normal in patients with liver disease,
so a revision of the normal range for ALT levels may be
advisable (29). It was observed in bivariate analysis that
ALT levels above the upper tertile are associated with
hypertension, TSH levels > 3.0 mIU/ml and increased
waist circumference. This last parameter was also associ-
ated with ALT levels above the upper tertile in multi-
variate analysis. Furthermore, ALT levels correlated with
total cholesterol levels independently of ALT level strata.

A higher proportion of patients with arterial hyper-
tension was observed among patients with ALT levels
above the upper tertile. Hanley and cols. (30), study-
ing 633 individuals without diabetes or metabolic syn-
drome, also observed an increase in ALT levels in per-
sons with SAH compared to those with normal blood
pressure. Similar data were presented by Hong and cols.
(31) when analyzing 2,074 women: the incidence of
arterial hypertension was 37.32% among women with
ALT levels < 20 U/1, but 57.33% among women with
ALT levels > 50 U/I (P < 0.01). Like increased ALT
levels, hypertension is associated with thyroid disorders
— whether they cause hypothyroidism or hyperthyroid-
ism. When comparing patients with normal thyroids
against those with hypothyroidism, Saito and cols. (32)
observed that 5.5% of euthyroid patients had hyperten-
sion, compared to 14.8% in the hypothyroidism group.
A similar situation was found in patients with hyper-
thyroidism. However, an increase in systolic pressure
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as the sole treatment of hyperthyroidism is capable of
lowering blood pressure levels (33).

These results are in line with the descriptions in the
medical literature indicating that both hyperthyroidism
and hypothyroidism are associated with hepatic afflic-
tions. Kubota and cols. (34), when analyzing patients
with untreated Graves’ disease or untreated painful thy-
roiditis, observed increases in liver enzyme levels com-
pared with the control group. Mean ALT levels were
30.8 U/1,47.2 U/l and 17.4 U/I for the Graves’ dis-
ease, thyroiditis and control groups, respectively.

We observed a significantly greater mean waist cir-
cumference in the group with ALT levels above the up-
per tertile than in the group with lower ALT levels.
Data in the medical literature show a similar associa-
tion. Individuals with ALT levels < 20 U/l exhibited
a 34.25% prevalence of central obesity (waist circum-
ference > 90 cm for men and > 80 c¢cm for women),
whereas individuals with ALT levels > 50 U /I exhibited
a 67.16% prevalence of central obesity (31). Another
study showed that patients with central obesity had
a mean ALT level of 20.51 U/I, whereas individuals
without an increased waist circumference had a mean
ALT level of 15.39 U/I (30). Shantha and cols. (35),
studying the association between metabolic syndrome
and the prevalence of hypothyroidism, noted that
among patients in the study group (mean waist cir-
cumference of 100.1 + 5.72 cm), 21.9% had subclinical
hypothyroidism and 7.4% had overt hypothyroidism.
In the control group (mean waist circumference 84.2
£ 6.91 cm), 6.6% had subclinical hypothyroidism and
2.2% had overt hypothyroidism.

In this study, when we analyzed the relationship
between serum cholesterol and ALT levels, there was
a continuous correlation between the two parameters.
Zhang and cols. (36) studied 1,214 people in China
and found that those with metabolic syndrome had a
mean cholesterol level of 197.55 mg/dL and a mean
ALT level of 37.9 U/l In contrast, individuals with-
out metabolic syndrome had a mean cholesterol level
of 173.19 mg/dL and a mean ALT level of 27.7 U/L
In a separate study, Kaliaperumal and cols. (21) found
that patients with untreated hypothyroidism had a mean
cholesterol level (232.12 + 5.12 mg/dL) significantly
higher than the control group (169.65 + 2.59 mg/dL).
A third study showed that individuals with TSH levels <
0.1 mIU/ml had a mean cholesterol level of 181.70 mg/dL,
whereas individuals with TSH levels > 10 mIU/ml had
a mean cholesterol level of 209.15 mg/dL (15).
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The present study has some limitations to be men-
tioned. First, the number of patients is not significant
considering the high prevalence of thyroid disorders in
the general population. However, the University Hos-
pital is a referral center for thyroid disorders and serves
individuals throughout the state of Santa Catarina,
which is one of the smaller states in Brazil. Additionally,
the study is similar in size to other studies of thyroid
disease patients. This was not a prospective study in-
volving patients in the first outpatient evaluation. Rather,
this was a cross-sectional study that included data from
patients already undergoing medical treatment or even
surgery. Thus, this study reflects patients in the “real
world”, with the disease under control or being con-
trolled. The fact that information on alcohol and drug
use was not available for analysis represents another
limitation, as alcohol and drug use are well known to
affect liver function. Nonetheless, other possible causes
of liver disease and co-morbidities were analyzed and
showed no influence on ALT levels.

Patients with thyroid disease, when being treated by
specialist clinicians, are mostly clinically compensated.
In such individuals, ALT levels correlated with total
cholesterol levels and abdominal circumference associ-
ated independently with ALT levels above the upper
tertile. Elevations in ALT level, cholesterol level and
waist circumference in patients with compensated thy-
roid disease possibly reflect what is observed in the gen-
eral population: the presence of metabolic syndrome as
a risk factor for nonalcoholic steatohepatitis. It is pos-
sible that the group of patients with ALT above the
upper tertile may benefit from dietary guidelines and
weight management, as well as tracking of hepatic ste-
atosis by ultrasound. However, these activities must be
defined in future studies.
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