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Abstract

A 71-year-old man suffering from non-alcoholic fatty liver disease, diabetes and dyslipidemia was hospitalized for elevated creatine
phosphokinase levels. Discontinuation of antihyperlipidemic agents and rehydration could not normalize creatine phosphokinase levels.
Findings of liver biopsy were compatible with non-alcoholic steatohepatitis. Based on the detailed evaluations, he was diagnosed as
hypothyroidism. Thyroid hormone replacement therapy gradually improved his thyroid function and creatine phosphokinase levels. Notably,
the repeated liver biopsy after the therapy showed histological improvement of steatosis. We should suspect “subclinical” hypothyroidism in
case of unexplained elevation of creatine phosphokinase levels during the course or at the onset of non-alcoholic fatty liver/ non-alcoholic

steatohepatitis.
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Introduction

There are few reports of elevation of creatine phosphokinase
(CK) levels and rhabdomyolysis caused by hypothyroidism [1-
3]. On the other hand, hypothyroidism and elevated thyroid
stimulating hormone (TSH) levels are reportedly independent risk
factors for non-alcoholic steatohepatitis (NASH) [4,5]. Herein, we
report a valuable case of NASH in which the elevation of CK levels
due to hypothyroidism developed after long-term use of statins for
dyslipidemia (DL) and thyroid hormone replacement therapy was
most likely to improve CK levels and liver steatosis.

Case Report

A 71 years-old man who had worked as a landscaper until 5
years ago was admitted to our hospital for the elevation of CK lev-
els (2782 IU/mL, normal range: 0-180) and deterioration of both
gastrocnemius muscle pains. His body height was 174 cm and
body weight was 80.5 kg (BMI 26.6 kg/m?), thus, he was thought

to be obesity. His body temperature was normal (96.4 °F), and no
abnormalities were also shown in other vital signs. He had no his-
tory of allergy, edema in lower limbs, goiter, hoarseness, and skin
roughness. He had been treated hypercholesterolemia by statins
for 11 years (pravastatin, atorvastatin, and rosuvastatin in this or-
der) and add-on ezetimibe had been administered since 6 years
before. Since 11 years before, his alanine aminotransferase (ALT)
had been mildly elevated (approximately 50 IU/L), and ultrasonog-
raphy had kept showing fatty liver such as (Figure 1A). He had also
been treated diabetes mellitus (DM) by glimepiride, alogliptin, and
voglibose since 6 years before. Although self-reported dietary in-
take was not changed, his body weight was gradually increased (57
kg [body mass index (BMI) 18.8 kg/m?] in 3 years ago, 62 kg [BMI
20.5 kg/m?] in a year ago, and 64 kg [BMI 21.1 kg/m?] in 5 months
ago). Therefore, nutrition intervention was performed, but it was
not effective. In addition, he had sometimes felt mild both gastroc-
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nemius muscle pains without specific factors such as exercise since
10 years before, and his CK levels had been slightly elevated (ap-
proximately 400 [U/L).
=

~

Figure 1: The change of the findings of abdominal
ultrasonography during the course.

a.  Hepato-renal echo contrast that is typically observed
in fatty liver 4 months before admission.

b.  The similar finding was observed at the time of
admission.

c. Hepato-renal echo contrast was almost disappeared

on 108 days after discharge from the hospital.
_ J
At the time of admission, his laboratory data showed a signif-

icant elevation of CK levels, but CK-MB and myoglobin levels were
within normal range. In addition, aspartate aminotransferase
(AST), ALT, lactate dehydrogenase, y-glutamyltransferase, total
cholesterol, low-density lipoprotein cholesterol (LDL), triglyceride,
and hemoglobin Alc (HbA1c) levels were also elevated (Table 1).
Physical examination showed no abnormality including goiter. Ab-
dominal ultrasonography showed fatty liver same as before (Figure
1B). Although aggressive excise was not likely to be performed and
he seemed not to spend outside so long hours just before hospi-
talization, myopathy due to dehydration based on high outdoor air
temperature (the lowest and highest temperature in Gunma prefec-
ture from one day before his hospitalization to the hospitalization
day were about 77 °F and 95 °F, respectively.) was suspected.

Table 1: Laboratory Data on admission.

Coagulation CK-MB 191U/L

PT 79.2% myoglobin 135 ng/mL
Urinalysis BUN 16.3 mg/dL
specific gravity 1.018 Cr 1.2 mg/dL
pH 5.5 Na 139 mEq/L
urinary protein ) K 4.4 mEq/L
urinal sugar -) C 105 mEq/L
occult blood ) CRP 0.1 mg/dL
ketone body (1+) Glu 228 mg/dL
urobilinogen normal T-C 239 mg/dL
bilirubin ) LDL-C 172 mg/dL
HDL-C 37 mg/dL
Triglyceride 236 mg/dL

HbAlc 7.3%

Hematology Biochemistry

Hb 13.3 g/dL TP 7.6 g/dL
RBC 419x10*/uL Alb 5g/dL

Ht 39.7% T-Bil 0.7 mg/dL
WBC 7920/uL D-Bil 0.1 mg/dL
Neu 37.4% AST 90 IU/L
Lym 50.1% ALT 66 IU/L
Eos 6.4% LDH 314 IU/L
Mono 4.3% ALP 143 IU/L
Baso 0.9% y-GTP 69 1U/L
PLT 21.3x10*/uL CK 2782 1U/L
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Note: y-GTP, y-glutamyltransferase; Alb, albumin; ALP, alkaline
phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; Baso, basophils; BUN, blood urea nitrogen;
CK, creatine phosphokinase; Cr, creatinine; CRP, C-reactive
protein; D-Bil, direct bilirubin; Eos, eosinophils; Glu, glucose;
Hb, hemoglobin; HbAlc, hemoglobin Alc; HDL-C, high
density lipoprotein cholesterol; Ht, hematocrit; LDH, lactate
dehydrogenase; LDL-C, low density lipoprotein cholesterol;
Lym, lymphocytes; Mono, monocytes ; Neu, neutrophils; Plt,
platelets; PT, prothrombin; RBC, red blood cell count; T-Bil, total
bilirubin; T-C, total cholesterol; TP, total protein; WBC, white
blood cell count.
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Figure 2: Pathological findings of the liver specimens
on day 12 of admission (A and B) and on 108 days after
discharge from the hospital (C and D). Liver biopsy
specimen on day 12 of admission (A and B) showed
grade 1 and stage 2 non-alcoholic steatohepatitis (NASH)
by Brunt’ s classification. Approximately 30 % steatosis
was observed (B). Liver steatosis was clearly reduced to
5-10 % on 108 days after discharge from the hospital (D).
Hematoxylin-eosin staining (x100) (A and C). Masson

trichrome staining (x4) (B and D).
- /

Therefore, we started to perform rehydration therapy (1000
to 1500 ml/day). In addition, rosuvastatin and ezetimibe were
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discontinued because those might have caused myopathy. As a
result, CK levels tended to be decreased, but it had been remained
around 1000 IU/L from days 5 to 10 of admission. AST and ALT
levels were also increased. On day 12 of admission, we suspected the
elevation of CK levels due to hypothyroidism. Then, we found that
thyroid stimulating hormone (TSH) levels were elevated (234 pU/
mL) and free T3 and free T4 levels were below the detection limit.
Besides, anti-thyroglobulin antibody and anti-thyroid peroxydase
antibody were also positive. Thyroid ultrasonography showed the
hypoechogenicity and heterogeneity of thyroid gland. Based on
these results, he was diagnosed as chronic thyroiditis (Hashimoto’s
disease). Liver biopsy performed for the evaluation about the
cause of increased transaminase levels showed 30% steatosis,
balloon-like change of hepatocytes, pericellular fibrosis, and portal
fibrosis. Thus, he was diagnosed as NASH with grade 1 and stage 2
by Brunt’s classification (Figures 2A & 2B) [6]. As thyroid hormone
replacement therapy, levothyroxine was started at 25 pg/day and
was gradually increased. As a result, thyroid function, CK levels, ALT
levels, and muscle pain were improved, and he was discharged on

day 40 of admission. On day 73 after discharge from the hospital,
ALT levels were elevated to 115 IU/L and TSH levels remained
at 71 plU/mL although CK levels were improved. Therefore,
levothyroxine was increased to 75 ug/day. Later, ALT and TSH levels
were improved. On day 109 after discharge from the hospital, his
body weight and BMI were improved to 71.9 kg and 23.7 kg/m?,
respectively. LDL cholesterol and triglyceride levels were fluctuated
after the discontinuation of rosuvastatin and ezetimibe but
gradually decreased with increase of levothyroxine. Triglyceride
levels reached to the normal range while LDL cholesterol levels
almost reached to same levels as before the admission without
antihyperlipidemic agents. HbAlc levels were gradually decreased
after admission, and finally reached to the lower levels compared
to those before admission without increase of oral hypoglycemic
agents. Second liver biopsy showed the improvement of steatosis
(Figures 2C & 2D), and abdominal ultrasonography also showed
the improvement of hepato-renal echo contrast (Figure 1C). The
clinical course is shown in (Figure 3).
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Figure 3: The clinical course of the patient. Because of the elevation of CK levels (2782 IU/mL), we discontinued the
administration of antihyperlipidemic agents that were rosuvastatin and ezetimibe. Besides, we started to perform rehydration
therapy. Resultantly, CK levels tended to be decreased but was not normalized. We performed first liver biopsy to evaluate the
cause of prolonged abnormality of transaminase levels. We suspected that elevated CK levels were due to hypothyroidism and
found that elevated thyroid stimulating hormone (TSH), low Free T3, and T4 levels on day 12 of admission. Then, we started
to administer 25 pg/day levothyroxine. As serum CK and ALT levels were fluctuated, we increased the dose of levothyroxine
up to 50 pg/day and resultantly, both levels were gradually decreased. However, serum ALT levels increased again. Then we
finally increased the dose of levothyroxine up to 75 png/day and serum ALT levels gradually decreased. HbAlc levels were
gradually decreased after admission, and finally reached to the lower level compared to those before admission. Triglyceride
and LDL levels were increased after discontinuation of rosuvastatin and ezetimibe and fluctuated for a while. Those levels were
gradually decreased during the administration of 50 pg/day levothyroxine. Triglyceride levels reached to the normal range
while LDL cholesterol levels almost reached to those prior to admission without antihyperlipidemic agents. Regarding thyroid
function, TSH levels were gradually decreased and, Free T3 and T4 levels were gradually increased after the administration of
levothyroxine. Later, Free T3 and T4 levels were reached to the normal levels.

_J

Discussion

The major findings from our case are as follows.

a. Our case was likely to be secondary NASH due to
hypothyroidism.

Biomedical Journal of
Scientific & Technical Research (BJSTR)

b.  Thyroid hormone replacement therapy was likely to
ameliorate not only CK levels but also lifestyle diseases.

c.  Histological improvement of hepatic steatosis could
be confirmed by the comparison of biopsies before and after
thyroid hormone replacement therapy.
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Non-alcoholic fatty liver (NAFL) has been reported to be closely
related to obesity, impaired glucose tolerance, DL, and hyperten-
sion. It has been positioned as liver lesion of metabolic syndrome
based on insulin resistance [7]. In our case as well, the patient di-
agnosed as DL and NAFL 11 years before, and both of those had
been thought to be developed with metabolic syndrome until his
admission. However, there are secondary NAFL/NASH and the
primary diseases of secondary NAFL/NASH including endocrine
diseases such as hypothyroidism, pituitary dysfunction, gonadal
dysfunction, polycystic ovary syndrome, obstructive sleep apnea,
kwashiorkor, fatty acid [ oxidative disorder, very low-density lipo-
protein (VLDL) synthetic secretion abnormality, metabolic disor-
der after pancreaticoduodenectomy, and drug-induced metabolic
disorder [4]. As hypothyroidism often causes increase of CK levels,
we suspected hypothyroidism as primary diseases of secondary
NAFL. In fact, the liver specimens were compatible with NASH, and
as expected, he was also diagnosed as hypothyroidism based on
laboratory and imaging data although no characteristic symptoms
of hypothyroidism such as edema in the lower limb, hoarseness,
and skin roughness were observed. In addition, thyroid hormone
replacement therapy improved hepatic fat accumulation, CK levels,
DL, body weight and BMI. The self-reported total calories consume
was not changed and the caloric restriction with nutritional guid-
ance had not been performed after thyroid hormone replacement
therapy. Thus, the improvement of clinical condition was not likely
to be due to lifestyle change.

Besides, other primary diseases that could cause secondary
NASH was unlikely based on his past medical history, life history,
medication history, status, adrenocorticotrophic
hormone and cortisol levels, respiratory state during his
hospitalization and so on. Unfortunately, as we had not measured
thyroid function before the admission, the onset of hypothyroidism
was unknown. However, he might have suffered from “subclinical”

nutritional

hypothyroidism since approximately one decade before because
mild elevation of CK levels and muscle pain had been developed
since one decade before. Besides, the disease duration of NAFL was
similar to that of “subclinical” hypothyroidism. Thus, our case was
likely to be secondary NASH based on hypothyroidism. Pagadala
et al.[8] compared 246 NAFL patients with 430 control groups
matched for age, sex, race, BMI, and reported that the prevalence
of hypothyroidism was significantly higher among NAFL patients
than controls. Furthermore, they also reported that the prevalence
of hypothyroidism was significantly higher among NASH patients
than non-NASH patients in NAFL patients.

Although the clear mechanism to develop NAFL/NASH from
hypothyroidism is still unknown, the enhancement of general
mechanism in metabolic syndrome is assumed. That is, the
presumptive mechanisms include relative overnutrition due to
hypothyroidism causes obesity, insulin resistance, lipid metabolism
disorder, adipocytokine abnormality, oxidative stress, lipid
peroxidation, and inflammatory cytokine. For example, regarding
adipocytokines, especially, leptin plays an important role in
appetite regulation, and induces collagen production and insulin

Biomedical Journal of
Scientific & Technical Research (BJSTR)

resistance in liver [9-11]. Leptin was reported to be elevated due to
hypothyroidism, which is considered to be a cause leading to NAFL/
NASH [12,13]. In addition, thyroid hormone has been thought to
suppress the increase of weight, LDL levels and triglyceride through
(3 receptor expressed in liver [14,15]. Liver steatosis was reportedly
improved by liver-targeted thyroid hormone receptor agonists
[16]. Furthermore, the involvement of fibroblast growth factor-21
(FGF-21) in NAFL/NASH has been considered. FGF-21 is one of FGF
family and has hormone-like effect. The improvement of insulin
resistance by FGF-21 [17,18], and the induction of liver-specific
FGF-21 by administration of thyroid hormone was reported [19].
Therefore, hypothyroidism was likely to cause the reduced effect of
FGF-21, and lead to the development of NAFL/NASH.

On the other hand, the prevalence of muscle-related complica-
tions in adults with hypothyroidism is high, and CK levels were re-
portedly elevated in 57 to 90% cases [3]. It has been assumed that
the conversion from type Il muscle fiber (fast muscle) to type I mus-
cle fiber (slow muscle), accumulation of glycosaminoglycan, reduc-
tion of contraction activity of actin-myosin, reduction of ATP (aden-
osine triphosphate) metabolism, myosin ATPase activity, hypoxia,
energy storage reduction and so on seemed to be mechanisms by
which myopathy is caused due to hypothyroidism [1]. Further, in
cases of hypothyroidism, the prevalence of elevated CK levels was
increased to 5 times by receiving of statin [20], although majority
of rhabdomyolysis were caused by exercise and trauma [1,2]. In our
case, based on undiagnosed hypothyroidism and statin use, it was
thought that dehydration due to summer high temperature caused
sudden elevation of CK levels. This consideration was supported
with the clinical course in which the mild improvement of CK lev-
els with hospitalization, rehydration and statin discontinuance, and
rapid improvement of CK levels with levothyroxine replacement
treatment were observed.

Thyroid hormone increases LDL receptors on the liver surface
and cholesterol uptake from the blood. In addition, thyroid hormone
induced hydroxymethylglutaryl-CoA (HMG-CoA) synthase and
HMG-CoA reductase, and resultantly cholesterol synthesis from
acetyl CoA is accelerated and cholesterol in hepatocyte increases.
Patients with hypothyroidism, in which these mechanisms are
impaired, frequently develops hypercholesterolemia. HMG-CoA
reductase involved in endogenous cholesterol synthesis, however,
is rather decreasing in those with hypothyroidism compared to
those with normal thyroid function. Therefore, statins are not
effective, and rather might increase the risk of adverse effects
such as rhabdomyolysis [21], and thus, it should be avoided to
administer until the thyroid function is normalized. In our case as
well, diagnosis and treatment of hypothyroidism should have been
performed earlier than receiving statin.

Thelimitation of our study is the lack of measurement ofisozyme
analysis of CK and insulin levels. Macro-creatine kinase should be
differentiated in case of elevated CK levels. Cases of hypothyroidism
associated with immunoglobulin-linked macro-creatine kinase are
extremely rare but have been reported and macro-creatine kinase
is reportedly disappeared during the course of thyroid hormone
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replacement therapy [22]. Besides, we could not evaluate insulin
resistance due to the lack of measurement of insulin.

In conclusion, we experienced a NAFL case which developed the
elevation of CK levels and was finally diagnosed as hypothyroidism
and NASH. Thyroid hormone replacement therapy was most likely
to cause the histological improvement of liver steatosis based on
the clinical course. The further delay of the diagnosis and treatment
for hypothyroidism would worse the clinical condition in our
case. Hypothyroidism complicated by NAFL/NASH is assumed
to be relative rare. However, we should suspect “subclinical”
hypothyroidism in case of unexplained elevation of CK levels during
the course or at the onset of NAFL/NASH.
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