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Effects of hypothyroidism on liver and renal parameters and effectiveness
of thyroid treatment (thyroxine) on these factors in hypothyroid subjects
were assessed in the present investigation. A total of 140 subjects (30
subclinical and 50 overt hypothyroid) between the ages of 15-50 years
from INMOL, Lahore and 60 healthy euthyroid controls of the similar age
groups from local population were recruited. Additionally, follow up
studies of nearly thirty five overt hypothyroid patients was also carried out
after taking thyroxine for three months. Serum levels of fT,, fT; and TSH
were analyzed through Radioimmunoassay (RIA), whereas, levels of
AST, ALT and creatinine were assessed using chemistry analyzer. Levels
of ALT and AST were found significantly increased (P < 0.05) in overt
hypothyroid patients compared to controls and after treatment the
concentrations of both enzymes were decreased non-significantly in post
therapeutic group. Subclinical group also exhibited non-significant
elevation in ALT and AST levels. Creatinine levels were significantly (P <
0.05) increased in both subclinical and overt hypothyroid patients and
mildly decreased in follow up group as compared to overt group.
Conclusively, positive association of ALT, AST and creatinine with TSH
and inverse relationship with fT; and fT, were observed in hypothyroid
patients that reversed moderately after thyroxine therapy.
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INTRODUCTION

Hypothyroidism is a clinical syndrome, caused by
thyroid hormone (TH) deficiency due to reduced
production, deranged distribution, or absence of
thyroid hormone effects (Chakera et al., 2012; Xu et
al.,, 2012; Akinsete et al., 2019). Clinical spectrum
for hypothyroidism ranges from an overt state of
myxedema, end-organ damage and multisystem
failure to a subclinical asymptomatic condition
(Cooper, 2001; Biondi & Klein, 2004; Roberts &
Ladenson, 2004; Krassas et al., 2010). Subclinical
hypothyroidism or mild thyroid failure is
characterized by raised serum thyroid stimulating
hormone (TSH) in combination with normal free
tetra-iodothyronine (fT,;) and free tri-iodothyronine
(fT3) levels without clinical symptoms or signs of
hypothyroidism  (Stenzel & Huttner, 2013).
Whereas, overt hypothyroidism is characterized by
elevated TSH, in combination with subnormal level
of fT, (Ross, 2001; Surks et al., 2004; Garber et al.,
2012; Pearce et al., 2013).

Thyroid hormones modulate the functioning
of all body «cells including hepatocytes.
Concomitantly, liver metabolizes thyroid hormones

and regulate their systemic effects (Malik &
Hodgson, 2002). Normal hepatic circulation is
reliant on normal concentration of thyroid hormones
and any perturbation in thyroid disturbs its function.
Liver injuries are linked with thyroid dysfunction and
release of Alanine aminotransferase (ALT) and
Aspartate aminotransferase (AST) into the
bloodstream. ALT is found predominantly in the
liver, whereas, AST is also found in skeletal
muscles and erythrocytes. Hence, elevations in ALT
levels usually are more precise for assessment of
hepatic damage than AST. The interaction between
thyroid and liver may results in diagnostic
misunderstandings and abandonment of these facts
may cause over or under diagnosis of associated
liver or thyroid diseases. Hence, to exclude
concurrent possibility of thyroid dysfunction in
patients with unexplained liver biochemical
abnormalities, measurement of free T, and TSH
levels are recommended (Huang & Liaw, 1995).
Thyroid gland and kidneys are interlinked
with each other in several aspects. Thyroid
hormones are responsible for the development and
functioning of kidneys. Conversely, kidneys effect
the concentration and metabolism of thyroid
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hormones (Lippi et al., 2008; Kimmel et al., 2012).
Being cardiotonic, thyroid hormones increase
cardiac output while lowering systemic vascular
resistance, resulting in increased renal blood flow
and increased glomerular filtration rate (GFR) which
is associated with serum creatinine level
(Montenegro et al., 1996; Nakahama et al., 2001).
Experiments on animals have shown that
hypothyroidism results in reduced GFR, however,
insufficient data exist on how hypothyroidism
influences renal function in human beings (Arora et
al., 2009). Reduction of cardiac output due to
paucity of inotropic and chronotropic effect of
thyroid hormones and increased vascular
resistance diminish renal blood flow, hence reduce
GFR (Montenegro et al., 1996; Jayagopal et al.,
2003; den Hollander et al., 2005). In addition to this,
histological changes in nephrons, especially
basement membrane thickening that physiologically
effects renal hemodynamics also results in
decrease in renal blood flow and GFR (Montenegro
et al., 1996; Lippi et al., 2008).

Present investigation was designed to
evaluate the alterations in renal and hepatic profile
induced by overt as well subclinical hypothyroidism.
Moreover, effectiveness of thyroid treatment was
also assessed in the follow-up group.

MATERIALS AND METHODS

The study was commenced after taking
approval from the Institutional Ethical Review
Committee  (D/1581-ACAD). Subjects visiting
Institute of Nuclear Medicine and Oncology Lahore
(INMOL) during January 2015 to December 2016,
with  apparent signs and symptoms  of
hypothyroidism, were interviewed after taking their
written consent. Thyroid Function Test (TFT) was
performed to ascertain the diagnosis. Demographic
features and detailed history of all the participants
were taken by means of pre-designed
guestionnaire. A mercury sphygmomanometer was
used for measuring blood pressure of all the
subjects enrolled in the study. Patients having
cardiovascular disease, diabetes mellitus and
hypertension were eliminated from the study. A total
of 140 individuals, satisfying the inclusion criteria
comprising sixty healthy controls (48 females and
12 males), thirty subclinical (21 females and 9
males) and fifty overt hypothyroid subjects (38
females and 12 males) were recruited in the study.
To evaluate the efficacy of thyroid treatment, follow
up study of thirty five (28 females and 7 males)
selected subjects, undergone thyroxine treatment
for three months, was also carried out. The average
daily dose of thyroxine varied from 100-300 mg
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according to the intensity of the disease.

Subjects having obesity, smoking habit,
primary or secondary dyslipidemia, diabetes
mellitus, renal and hepatic failure or other systemic
maladies were excluded from the investigation.
Subjects for blood collection were categorized into
following groups.

Control group: Healthy age and sex matched
volunteers (60)

Group |: Newly diagnosed overt hypothyroid
patients (50)

Group II: Newly diagnosed subclinical hypothyroid
patients (30)

Group IlII: Follow up (35)

Standard reference ranges of the thyroid profile
were as follows.

T, 11.5-23.0 pmol/L
T3 2.5-5.8 pmol/L
TSH 0.3-5mlIU/L

Blood samples were collected from the
participants and analysed statistically for evaluation
and comparison of their renal and hepatic profile
before and after treatment. Thyroid profile was
studied using commercially available RIA (Radio
Immunoassay) kits of Beckman Coulter of Czech
Republic, in INMOL Lahore, Pakistan. Whereas,
biochemical analysis of ALT, AST and creatinine
was performed using commercially available kits of
DiaSys Diagnostic System, Holzheim Germany.

Statistical analysis

Overall biochemical comparisons among
control (Cn), subclinical (Sb), overt hypothyroid (Ot)
and follow up (FIl) groups were accomplished by
one-way  ANOVA. Newman-Keuls Multiple
Comparison Test was applied to compare the group
means and statistical significance was achieved
when the P value is <0.05.

RESULTS

free-thyroxine (fTy)

Comparison of overt group with control
group showed a highly significant (P < 0.001)
reduction of 56% in overt group and after treatment
the level of fT, increased significantly (P < 0.001) in
follow up group up to 100% as compared to overt
group. Whereas, the value of fT, was decreased up
to 12% in follow up group as compared to control
group. A non-significant decrease of 8% was
observed in subclinical group when compared with
control group. Overt group showed highly significant
(P < 0.001) decrease of 53% in contrast to
subclinical group and comparison of follow up group
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with subclinical group presented a non-significant
decrease of 5% in follow up group (Fig.,1).
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Fig. 1: Mean = SEM of fT4 (pmol/L) in study groups.***
significant at P < 0.001

free tri-iodothyronine (fT3)

Highly significant (P < 0.001) variation was
recorded in overt group when compared with
control group showing 42% decrease in fT3 in overt
group, whereas, subclinical group exhibited non-
significant decrease of 7% compared to control
group. Similarly, in follow up group 13% decrease in
fT, was recorded with respect to subclinical group.
In comparison between subclinical and overt group,
prominent (P < 0.001) reduction of 37% was
observed in overt group. After medication, marked
(P = 0.001) increase of 39% was detected in follow
up group in comparison with overt group. A
pronounced (P < 0.01) decrease of 19% was
witnessed in follow up group in comparison with
control group (Fig., 2).
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Fig. 2: Mean £ SEM of fTz (pmol/L) in study groups. **,
*** significant at P < 0.01, 0.001
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Thyroid Stimulation Hormone (TSH)

The analysis of variance showed significant
variations in comparable groups. The comparison of overt
group with control group revealed a significantly (P <
0.001) enhanced level of TSH up to 1896% in overt
group. A significant (P < 0.05) rise of 371% was shown by
follow up group in contrast to control group. However,
after treatment the value of TSH significantly (P < 0.001)
declined up to 77% in follow up group related to overt
group. A significant (P < 0.01) increase of 346% was
recorded in subclinical group related to control group.
Overt group also presented a highly significant (P <
0.001) elevation of 346% as compared to subclinical
group. However, comparison between subclinical and
follow up groups showed a non-significant up regulation
of 5% in follow up group (Fig., 3).
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Fig. 3: Mean + SEM of TSH (mIU/L) in study groups. *,

** *** gignificant at P < 0.05, 0.01, 0.001
Alanine Aminotransferase (ALT)

Comparison between control and overt
group had shown significant (P < 0.001) elevation of
58% in concentration of ALT in overt group
compared to control group. Similarly, significant (P
< 0.05) elevation of 40% was recorded in follow up
group related to control group and non-significant
increase of 8% was recorded when subclinical
group was compared with control group. In the
same way, comparison of subclinical group with
follow up group presented an increase of 30% in
follow up group. Statistically significant (P < 0.05)
increase of 47% was found in overt group
compared to subclinical group. After medication the
concentration of ALT was decreased up to 12% in
follow up group as compared to overt group (Fig.,
4).
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Fig. 4: Mean = SEM of ALT (U/L) in study groups. *, ***
significant at P < 0.05, 0.001
Aspartate Transaminase (AST)

Intergroup comparison for AST
concentration showed a significant (P < 0.05)
increase of 21% in overt group as compared to
control group. After medication, this concentration
was decreased non-significantly up to 7% in follow
up group as compared to overt group. Subclinical
group also presented non-significant elevation of
14% in AST value compared to control group.
Comparison between control group and follow up
group exhibited a non-significant elevation of 14%
in follow up group. Similarly, an increase of 5% was
recorded in overt group when compared with
subclinical group. Whereas, comparison of
subclinical group with follow up group showed a
slight decrease in AST concentration up to 1% in
follow up group (Fig., 5).
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Fig. 5: Mean + SEM of AST (U/L) in study groups. *
significant at P < 0.05

Creatinine

The analysis of variances showed
significance variations in comparable groups. Overt
group showed 20% significant (P < 0.001) rise in
creatinine level when compared with control group.
Comparison of control group with subclinical group
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presented significant (P < 0.05) elevation of 18% in
subclinical group compared to control group. In the
same way, the concentration of creatinine showed
15% significant (P < 0.05) elevation in follow up
when compared with control group. The
concentration of creatinine was found to be
decreased in follow up group as compared to overt
group up to 5%. Similarly, overt group exhibited an
increase of 1% compared to subclinical group and
follow up group presented a decrease of 3% when
compared with subclinical group (Fig., 6).
Comprehensive presentation of the studied
biochemical parameters is summarized in Table ).
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Fig. 6: Mean + SEM of Creatinine (mg/dL) in study
groups. *, *** significant at P < 0.05, 0.001, respectively

Table

I: A comprehensive presentation of the
studied parameters

Para-

Sub-

Follow

Control s Overt P-value
meters clinical up
fT4 16.76+ | 1553+ | 7.416+ | 14.88 <
(pmoliL) | 0.39 0.6 0.92 £0.85 | 0.0001**
T3 413+ 3.85+ 243+ | 338 +«
(pmoliL) 0.09 0.17 0.17 0.22 0.0001
TSH 1.8+ 8.04 + 3593+ | 848 = <
(mIU/L) 0.16 0.40 2.18 2.26 0.0001***
AST 28.12 + 32.3% 3415+ | 321+
(UIL) 1.06 2.02 214 | 273 | 00593
ALT 2036+ | 2200+ | 3235% | 28.65% | o o00ou
(UIL) 1.31 1.98 2.66 3.47 :
Creati-
e [ 07042 | 05 | 0s5s | 08152 | g
(mg/dL) ) ) ) )

DISCUSSION
Our investigation recorded significantly
higher serum ALT levels both in overt and

subclinical hypothyroid cases than in the control
subjects. Treatment with thyroxine moderately
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decreased its level in follow up group. Several
studies have described increased level of ALT in
hypothyroid subjects and few of them have also
reported that level of ALT become normal after
treatment (Goncales et al.,, 1998; Targher et al.,
2008; Chung et al.,, 2012; Ohkubo et al., 2012;
Khan et al., 2013). Contrary to this, Gow et al.
(1989) reported increased activity of ALT after orally
given thyroxine.

Metabolic imbalances due to thyroid
dysfunction might be the reason for increased level
of ALT. This might be due to increased synthesis of
liver enzymes or increased penetrability of liver cell
membrane owing to derangement of biochemical
reactions inside liver cells in hypothyroidism (Khan
et al., 2013).

In our study, level of AST was found to be
significantly increased in overt hypothyroid group as
compared to control subjects. This elevation in
aspartate transaminase (AST) level in
hypothyroidism may be accredited to myopathies
(Liangpunsakul & Chalasani, 2003).

Thyroxine treatment reduced AST level to
some extent in our study but studies have shown
that the hepatic abnormalities associated with
hypothyroidism can be reversible over a matter of
weeks with thyroxine treatment, with no residual
liver damage. Higher concentration of AST could be
linked with thyroid hormone activity. Serum AST
level also rises in acute myocardial infarction,
muscular dystrophies and myositis because of its
abundance in myocardium and skeletal muscles.
Probability of increased AST due to cardiac
abnormality is quite less because clinical or
subclinical evidence of myocardial infarction is not
presented in any hypothyroid patients. As AST is
also distributed in skeletal muscles, raised AST
level in serum of hypothyroid patients is more likely
due to release of AST from the skeletal muscles
and not due to myocardial infarction (Mane &
Bhagwat, 2011).

In our study, level of creatinine was found
considerably up regulated in hypothyroid patients
compared to control subjects that were found to be
improved after thyroid treatment. Similar results
were also reported by other investigators regarding
serum creatinine levels in hypothyroidism (Diekman
et al., 2001; Giordano et al., 2001; Camacho et al.,
2003; den Hollander et al., 2005; van Welsem &
Lobatto, 2007; Iglesias, 2009; Abdella et al., 2013).

Saini et al. (2012) explored association
between renal function and different degrees of
thyroid dysfunction and reported that subclinical
and overt hypothyroid patients showed significantly
elevated serum urea and creatinine level as
compared to controls.
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TSH exhibited significant positive
association with creatinine and uric acid values.
Elevated serum creatinine in hypothyroid patients
can be associated with increased risk of chronic
kidney disease (CKD) (Montenegro et al., 1996;
Kreisman & Hennessey, 1999; Zhang et al., 2014).
So, renal function should be frequently examined in
hypothyroid patients that seemed to be more
related directly to a reduction in thyroid hormone
levels rather than with thyroid autoimmunity (Suher
et al., 2005).

Substantial imbalances in biochemical
factors of renal function in hypothyroidism arise due
to physiological effects. Hypothyroidism influences
renal structure and function, glomerular filtration
rate (GFR), transport systems functionality along
the nephron and sodium and water balance through
direct renal effects as well as through systemic
hemodynamics, metabolic and cardiovascular
effects.

Clinically, significant reductions in GFR and
myopathies associated with hypothyroidism alter
glomerular filtration rate of certain constituents of
blood plasma such as creatinine that results in
elevated serum creatinine level. Mostly these
manifestations are reversed after thyroid treatment
(Kreisman et al., 1999; den Hollander et al., 2005;
Mariani & Berns, 2012). Increased production of
serum creatinine because of its immediate release
through muscle break down also results in
increased serum creatinine level (Ingbar &
Braverman, 1986).

Functioning of kidney is estimated through
GFR that can be measured in various ways. The
most common marker for the estimation of GFR is
plasma levels of creatinine. However, decline in
kidney function influences tubular secretion, and
effects clearance rate of creatinine. Differences in
creatinine level in the blood also occur due to
individual variations in muscle mass, dietary habits
and numerous drugs (Cabarkapa et al., 2012).

Conclusively, hypothyroid  associated
Hepatorenal dysfunction poses a risk for a number
of maladies and treatment with thyroxine is helpful
in attaining euthyroid state, hence maintaining
normal renal and hepatic functions.
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