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Abstract
Objective: It has been found that both serum homocysteine (Hcy) and serum creatinine Key Words
levels were increased in hypothyroidism patients. The aim of this study was to » homocysteine

investigate the correlation between serum Hcy and kidney function in patients with

subclinical hypothyroidism or hypothyroidism.

Methods: A total of 448 subjects were enrolled and divided into three groups:

» kidney function

» estimated glomerular
filtration rate (eGFR)

hypothyroidism (n = 129), subclinical hypothyroidism (n = 141), and control group » hypothyroidism
(n=168). Anthropometric information, metabolic parameters, serum Hcy and creatinine
levels, and estimated glomerular filtration rate (eGFR) were analyzed.

Results: Compared with healthy subjects, patients with subclinical hypothyroidism or
hypothyroidism had significantly higher serum Hcy and creatinine levels and lower
eGFR level (all P <0.001). Serum Hcy was negatively correlated with eGFR in subclinical
hypothyroidism patients (r =—0.220, P = 0.009), and in hypothyroidism patients
(r=-0.422, P <0.001). After adjusting for age, sex and BMI, eGFR was still significantly
correlated with serum Hcy in subclinical hypothyroidism or hypothyroidism patients
(both P < 0.05). Levothyroxine treatment resulted in significantly decreased Hcy and
increased eGFR in hypothyroidism patients (both P < 0.001). The decrease in Hcy was
correlated with the increased eGFR after treatment (P = 0.001).

Conclusion: Serum Hcy was negatively correlated with eGFR in subclinical
hypothyroidism or hypothyroidism patients. After levothyroxine treatment, a

correlation was found between the decrease in serum Hcy and the increase in eGFR in

hypothyroidism patients.
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Introduction

Subclinical hypothyroidism and clinical hypothyroidism,
two commonly encountered clinical conditions, can
induce various metabolic changes (1) and increase the
risk of cardiovascular diseases (2, 3). Recent researches
have shown that both subclinical hypothyroidism and
hypothyroidism were associated with elevated serum
creatinine, decreased estimated glomerular filtration
rate (eGFR) and increased risk of chronic kidney disease
(CKD) (4, 5, 6, 7). Moreover, the recent evidence from

a mendelian randomization study demonstrated a
directional association from hypothyroidism to decreased
eGFR and increased CKD (8).

Homocysteine (Hcy) is a sulfur-containing amino
acid, which is the intermediate product of methionine
demethylation. Hyperhomocysteinemia is a well-known
independent risk factor for atherosclerosis and coronary
heart disease (9, 10, 11). Recent investigations and
our previous studies demonstrated that the blood Hcy
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level was increased in patients with both subclinical
hypothyroidism and hypothyroidism (12, 13, 14).
However, the potential pathophysiological mechanism
underlying the increase of Hcy level in thyroid hormone
deficiency state has not been fully elucidated. It has been
speculated that the increase of Hcy was at least partially
due to the decrease of renal function (15), because of the
evidence that Hcy was negatively correlated with kidney
function in general population (16, 17, 18). However, it
is unknown whether serum Hcy level is also associated
with kidney function in subclinical hypothyroidism or
hypothyroidism patients.

Therefore, the aim of this study was to investigate
the correlation between serum Hcy and kidney function
in patients with hypothyroidism and
hypothyroidism. Furthermore, we investigated the
treatment effects of levothyroxine (L-T4) on serum Hcy
level and kidney function in hypothyroidism patients,
and the association between the changes of Hcy and
kidney function after L-T4 treatment.

subclinical

Materials and methods

Subjects

A total of 305 patients with subclinical hypothyroidism or
hypothyroidism were initially enrolled at the outpatient
clinic of the endocrinology department in Beijing
Chao-yang Hospital from January 2018 to July 2020.
Hypothyroidism was defined as an elevated thyrotropin
(TSH) level concomitant with a decreased thyroid
hormone. Subclinical hypothyroidism was defined as
an increased TSH level when concentrations of thyroid
hormones were within their normal ranges. The normal
values for TSH, free triiodothyronine (FT3) and free
thyroxine (FT4) were 0.55-4.78 plU/mL, 2.3-4.2 pg/mL
and 8.9-17.6 pg/mL, respectively.

Exclusion criteria were as follows: patients under
treatment with thyroxine, or anti-thyroid, patients with
cardiovascular disease, hypertension, diabetes, hepatic
diseases, kidney diseases, infection diseases, malignant
tumors or systemic autoimmune diseases. Therefore, 35
patients were excluded. The final study cohort consisted
of 141 subclinical hypothyroidism patients and 129
hypothyroidism patients. One hundred and sixty eight
healthy euthyroid subjects who were seeking routine
medical health checkups at the physical examination
center of Beijing Chao-yang Hospital, matched for age
and sex of the patients, were included.
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We  defined serum  Hcy>15  pmol/L  as
hyperhomocysteinemia. All participants were divided
into six subgroups according to the presence or absence
of hyperhomocysteinemia for further analysis.

In the hypothyroidism group, all patients were given
L-T4 treatment. The treatment dose started from 50 pg/day.
For dose adjustment, thyroid function was measured
every 4 weeks. Among 129 patients with hypothyroidism,
58 patients were followed for 34 months -4 months until
thyroid function turned normal and received serum Hcy
and renal function reexamination.

This study was approved by the Ethics Committee
of Beijing Chao-yang Hospital (No. 2012-ke-97) and
performed in accordance with the Helsinki Declaration. All
study participants provided a written informed consent.

Measurement

Anthropometric information, including age, sex, body
height and weight, was collected. BMI was calculated as
weight/height? (kg/m?). Serum samples were obtained
after overnight fasting. Creatinine, urea nitrogen,
albumin, triglyceride, total cholesterol (TC), HDL-C,
low density lipoprotein cholesterol (LDL-C) and
glucose levels were measured on a Siemens ADVIA 2400
automatic biochemical analyzer. The serum total Hcy
was measured by commercially available enzyme cycling
assay Kkits (Biosino Bio-Technology And Science Inc,
Beijing, China). Serum thyroid hormones were measured
by direct chemiluminescent technology (Siemens
Healthcare Diagnostics In). eGFR (mL/min/1.73 m?)
was calculated according to the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation as
following (19): for female, if serum creatinine < 0.7 mg/dL,
eGFR=144 x (serum creatinine (mg/dL)/0.7)793%9 x
(0.993)%¢; if serum creatinine > 0.7 mg/dL, eGFR=144
x (serum creatinine (mg/dL)/0.7)712% x (0.993)%¢; for
male, if serum creatinine (mg/dL) < 0.9, eGFR=141 x
(serum creatinine (mg/dL)/0.9)=%411 x (0.993)38¢; if serum
creatinine > 0.9 mg/dL, eGFR=141 x (serum creatinine
(mg/dL)/0.9)71-29 x (0.993)3e,

Statistical analysis

The statistical analysis was performed using IBM
SPSS
were showed as mean + s.0. or median (lower and
upper quartiles). Categorical variables were shown as
number (percent). Continuous variable with normal
distribution was compared by ANOVA and Bonferroni

statistical version 21.0. Continuous variables
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post hoc analysis; variable with skewed distribution,
including triglyceride, Hcy, creatinine and eGFR was
compared using nonparametric Kruskal-Wallis rank test
and Mann-Whitney U-test. Categorical variables were
compared with the chi-square between groups. Changes
in parameters after treatment were analyzed using
the paired f-test or the nonparametric Wilcoxon rank
test. Univariate associations were tested by Spearman
Multiple regression
analyses were used to examine whether there was an
independent association between Hcy and eGFR after
adjusting confounding factors. The dependent variable
was serum Hcy; the independent variables were eGFR,
age, sex and BMI. Hcy and eGFR were log,, transformed
before included in the regression model, because of
their skewed distribution. To investigate whether the
correlations between serum Hcy and eGFR were different
among healthy subjects, subclinical hypothyroidism
patients and hypothyroidism patients, we performed
the interaction test between eGFR and groups using
the ANOVA. A value of P < 0.05 was considered to be
statistically significant.

correlation. stepwise linear

Results

Clinical characteristics of healthy controls, patients
with subclinical hypothyroidism, and patients
with hypothyroidism

The clinical characteristics of healthy controls, patients
with subclinical hypothyroidism, and patients with
hypothyroidism were listed in Table 1. Sex, age, BMI,
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fasting blood glucose, and albumin levels were similar
among the three groups. Serum TC and HDL-C levels
were significantly higher in hypothyroidism group
than those in the subclinical hypothyroidism and
control groups (all P < 0.05). Serum triglyceride was
significantly higher in subclinical hypothyroidism
and hypothyroidism groups than that in healthy
controls (P < 0.05). Serum LDL-C was significantly
higher in hypothyroidism group than that in control
group (P < 0.05). Compared with healthy controls,
the patients with subclinical hypothyroidism and
those with hypothyroidism had significantly higher
serum Hcy, urea nitrogen, and creatinine levels, and
significantly lower eGEFR level (all P < 0.05). Moreover,
compared with subclinical hypothyroidism patients,
hypothyroidism patients had significantly higher serum
Hcy and creatinine levels, and significantly lower eGFR
levels (all P < 0.05).

Clinical characteristics of subgroups with and
without hyperhomocysteinemia

Clinical parameters of hyperhomocysteinemia subgroups
and normal homocysteine subgroups were shown
in Table 2. Compared with those in subgroups with
normal homocysteine, subjects in subgroups with
hyperhomocysteinemia were more likely to be male, had
significantly higher serum triglyceride and creatinine,
and significantly lower eGFR levels as compared with the
corresponding subgroups without hyperhomocysteinemia
(all P <0.095).

Table 1 Clinical characteristics of healthy controls, patients with subclinical hypothyroidism and patients with hypothyroidism.

Parameters Control (n=168) Subclinical hypothyroidism (n = 141) Hypothyroidism (n = 129) P
Age, years 41.39£9.97 41.76 £11.01 39.55+11.72 0.112
Sex, male (%) 22 (13.10) 22 (15.60) 18 (13.95) 0.735
BMI, km/m? 23.73 +4.47 2437 £+ 4.22 24.80 + 4.61 0.112
Albumin, g/L 45,34 + 2.46 46.15+4.17 46.14 + 3.15 0.21
FBG, mmol/L 5.09 £ 0.59 5.06 £ 0.55 5.03+£0.55 0.061
TC, mmol/L 4.89 + 0.87 5.04+1.04 5.57 £ 1.63"1 <0.001
HDL-C, mmol/L 1.37+£0.33 1.32+0.32 1.49 + 0.46"™ <0.001
LDL-C, mmol/L 2.86+£0.72 3.04 +0.85 3.21+£1.15" 0.004
Triglyceride, mmol/L 1.10 (0.84-1.48) 1.26 (0.91-1.86)" 1.24 (0.88-2.19)" 0.016
Hcy, pmol/L 10.0 (8.0-11.0) 11.0 (10.0-14.0)" 13.0 (11.0-16.0)* <0.001
Urea nitrogen, mmol/L 4,52 +1.24 4.88 +1.04" 4.92 +1.36" 0.012
Creatinine, pmol/L 52.35(48.32-56.95) 59.30 (52.4-67.35)" 62.70 (53.85-77.45)"" <0.001
eGFR, mL/min/1.73 m? 115.66 (108.35-120.90) 108.68 (99.45-119.03)"" 103.92 (85.85-117.90)"** <0.001

Data were expressed as the means + s.0., medians (upper and lower quartiles), or n (%).
*P < 0.05 significantly different compared with control group; TP < 0.05 significantly different compared with subclinical hypothyroidism group; **P < 0.01
significantly different compared with control group; ''P < 0.01 significantly different compared with hypothyroidism group.
eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; Hcy, homocysteine; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; TC, total cholesterol.
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Correlation between eGFR and serum Hcy level
at baseline

Spearman’s correlation analyses (Fig. 1) showed that
serum Hcy level was negatively correlated with eGFR
not only in healthy controls (r=-0.523, P < 0.001) but
also in subclinical hypothyroidism patients (r=-0.220,
P = 0.009) and hypothyroidism patients (r=-0.422,
P < 0.001). Multiple linear regression analyses (Table 3)
revealed that after adjusting for age, sex and BMI, eGFR
was still significantly correlated with serum Hcy in control
group (p=-0.187, P = 0.024), subclinical hypothyroidism
group (p=-0.287, P = 0.010), and hypothyroidism group
(p=-0.519, P<0.001). There was no significant interaction
between eGFR and the groups (F=1.270, P = 0.282).

The changes in eGFR and serum Hcy level in
hypothyroidism group after L-T4 treatment

Among  hypothyroidism  patients, 58 of the
hypothyroidism patients were followed-up. After 3-4
months’ treatment of L-T4, triglyceride, TC, HDL-C and
LDL-C were significantly decreased (all P < 0.05), serum
Hcy level was significantly decreased (P < 0.001) and eGFR
was significantly increased (P < 0.001, Table 4, Fig. 2).
The mediums of the changes of serum Hcy (AHcy) and
eGFR (AeGFR) were —3.0 (-5.0~-2.0) pmol/L and 14.26
(3.78~26.61) mL/min/1.73 m?, respectively. There was
a significant correlation between AHcy and AeGFR in
hypothyroidism patients (r=-0.423, P = 0.001, Fig. 3).

Discussion

In the present study, we found that the patients
with subclinical hypothyroidism and those with
hypothyroidism had significantly higher serum Hcy and
creatinine levels, and lower eGFR level as compared with
healthy subjects. Moreover, serum Hcy was negatively
correlated with eGFR in subclinical hypothyroidism
and hypothyroidism patients. Multiple linear regression
analyses revealed that eGFR was still significantly
correlated with serum Hcy after adjusting for age, sex and
BMI. After 4-5 months’ treatment of L-T4, serum Hcy level
was significantly decreased and eGFR was significantly
increased in hypothyroidism patients. The changes of
serum Hcy (AHcy) and eGFR (AeGFR) were correlated.
Previous studies have shown that both
hypothyroidism and subclinical hypothyroidism were
associated with elevated serum creatinine, decreased
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Correlations between serum Hcy levels and eGFR in healthy controls (A),
subclinical hypothyroidism patients (B), and hypothyroidism patients (C).
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eGFR and increased risk of CKD (4, 5, 6, 7). Recent
investigations and our previous studies demonstrated that
Hcy level was increased in patients with hypothyroidism
and those with subclinical hypothyroidism (12, 13, 14).
Our results of elevated serum Hcy and lower eGFR level in
subclinical hypothyroidism and hypothyroidism groups
were consistent with these previous findings.

A mendelian randomization study revealed a direction
of the association of hypothyroidism to decreased eGFR
and increased CKD, but not vice versa (8). In addition, the
potential mechanisms connecting the thyroid hormone
deficiency to a decrease in kidney function have been
fully discussed. It has been demonstrated that thyroid
hormone deficiency could induce direct and indirect
renal effects, including a reduction in glomeruli size, a
decrease of cardiac output, a change in vascular resistance,
and changes in sodium and water homeostasis (20, 21).
In contrast, the mechanisms for the increased Hcy level
in hypothyroidism were not clearly understood yet. It
has been demonstrated that the kidney was involved
in the metabolic clearance of Hcy (22). In addition, a
negative relationship between blood Hcy level and renal
function has been found in general population (16, 17,
18). Therefore, there was a hypothesis that the decrease
of eGFR in hypothyroidism at least partially contributed
to the Hcy elevation (15). The correlations between
serum Hcy and eGFR in subclinical hypothyroidism and
hypothyroidism patients revealed by our study provided
additional information for this hypothesis.

The underlying mechanisms and the cause direction
of connection between renal function and Hcy have
been previously debated. More than 75% of total serum
Hcy was bound to proteins, mainly albumin, and only
a minor percentage of Hcy was eliminated through the
glomerular filter (23). Metabolic processing removed
the majority of Hcy in the body, with kidney playing
an important role (22). Several studies showed that
both animal and human kidneys contained enzymes
involved in Hcy-metabolism, including betaine-
homocysteine S-methyltransferase, cystathionine beta-
synthase and S-methyltetrahydrofolate-homocysteine
methyltransferase (24, 25). In addition, the kidney played
a major role in the removal of Hcy-related compounds
from circulation (such as glutathione, cysteine-glycine,
S-adenosylmethionine, and S-adenosylhomocysteine)
(22, 26). Thus, the reduced kidney function in thyroid
hormone deficiency state probably could cause a decrease
in Hcy removal from the body.

On the other hand, a series of evidence indicated
that serum Hcy might contribute to a decline in kidney
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Table 3 The correlations between eGFR and serum Hcy in control group, subclinical hypothyroidism group and hypothyroidism

group after adjusting for age, sex and BMI.

Unstandardized coefficients

Standardized

Groups Independent variable B SE 95% (| coefficients (p) P

Control log10(eGFR) -0.296 0.132 -0.470~-0.037 -0.187 0.024
Subclinical hypothyroidism  log10(eGFR) -0.952 0.335 -1.614~-0.290 -0.287 0.010
Hypothyroidism log10(eGFR) -0.828 0.143 -1.111~-0.545 -0.519 <0.001

The dependent variable was serum Hcy; the independent variables were eGFR, age, sex and BMI. Hcy and eGFR were log10 transformed before included

in the linear regression model, because of their skewed distribution.
eGFR, estimated glomerular filtration rate; Hcy, homocysteine.

function. Hcy could cause nephrotoxicity by reducing
serum and tissue adenosine levels (27), promoting
endothelial cell, mesangial cell and podocyte injury
through inflammation and oxidative stress (28,
29). Framingham offspring study showed that Hcy
was an independent risk factor for future CKD or
microalbuminuria (30). Other prospective
demonstrated that subjects with hyperhomocysteinemia
had a higher odds ratio of renal function decline and
future incidence of CKD (31, 32, 33, 34). However,
available interventional studies have provided
conflicting results of renal outcomes. The subgroup
analysis of Chinese primary stroke prevention trial
(CSPPT) demonstrated that folic acid supplementation
significantly reduced the decline of eGFR and delayed the
progress of CKD (35). In contrast, Homocysteinemia in
kidney and end stage renal disease (HOST) trial showed
that adding folic acid and vitamin B12 did not affect
the time to dialysis in patients with advanced CKD (36).
Another randomized controlled trial demonstrated that
high doses of folic acid and vitamin B compared with
placebo did not delay CKD progression in patients with
diabetic nephropathy (37). One possible explanation for
the beneficial effect of folic acid in the Chinese study

studies

was that, compared with studies in other countries,
the Chinese study was conducted in a region without
grain folic acid fortification. The above evidence,
combined with our finding of correlation between
serum Hcy and eGFR in subclinical hypothyroidism
and hypothyroidism patients, suggested that probably
there was a vicious circle between Hcy elevation and
renal function impairment, which further increased
the correlation between blood homocysteine and eGFR,
not only in healthy subjects but also in subclinical
hypothyroidism and hypothyroidism patients. We
did not find a significant interaction between eGFR
and different groups. It indicated that the correlation
between Hcy and eGFR was similar among healthy
subjects, subclinical hypothyroidism patients and
hypothyroidism patients. The result of the decreased
eGFR and elevated Hcy in hypothyroidism, which
could be reversed by L-T4 treatment, suggested that
patients with hypothyroidism should be treated as early
as possible.

The present study has several limitations. First, the
intakes of folic acid or vitamin B were not recorded and
serum folic acid was not measured, thus these parameters
could not be included in the analyses. Secondly, other

Table4 Comparison of thyroid function, serum lipid, creatinine, Hcy and eGFR levels in hypothyroidism patients before and

after L-T4 treatment (n = 58).

Parameters Baseline (n=168) After L-t4 treatment (n = 141) 4

FT3 2.25+0.90 2.87 £0.38 <0.001
FT4 0.73+£0.33 1.23+0.22 <0.001
TSH 43.84 (7.29-100.0) 2.28 (1.44-3.59) <0.001
TC, mmol/L 581 +1.57 4.60+1.04 <0.001
HDL-C, mmol/L 1.52+0.44 1.32+0.38 <0.001
LDL-C, mmol/L 3.36£1.07 2.80+0.76 <0.001
Triglyceride, mmol/L 1.38 (1.07-2.29) 1.28 (0.97-1.72) 0.007
Hcy, pmol/L 14.0 (12.0-17.0) 11.0 (9.0-14.0) <0.001
Creatinine, pmol/L 71.9 (59.78-85.65) 57.05 (50.23-68.70) <0.001
eGFR, mL/min/1.73 m2 94.55 (80.86-107.19) 112.02 (103.66-118.26) <0.001

eGFR, estimated glomerular filtration rate; FT3, free triiodothyronine; FT4, free thyroxine; Hcy, homocysteine; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TSH, thyrotropin.
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Figure 2

Comparison of eGFR (A) and serum Hcy (B) in hypothyroidism patients
before and after L-T4 treatment (n = 58). Data were expressed as medium
(upper/lower quartile).

renal markers such as urine albumin level and serum
cystatin C, which might further support our findings,
were not available. Thirdly, subclinical hypothyroidism
patients have not been followed-up.

In conclusion, this study showed a negative
association between serum Hcy and eGFR in subclinical
hypothyroidism and overt hypothyroidism patients.
After L-T4 treatment, a correlation was found between
the decrease of serum Hcy (AHcy) and the increase

Homocysteine and eGFR in 10:5 508
hypothyroidism
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Figure 3

Correlation between the changes of serum Hcy (AHcy) and eGFR (AeGFR)
after L-T4 treatment in hypothyroidism patients.

of eGFR (AHcy) in hypothyroidism patients. Our
findings provided additional information to explain the
underlying mechanisms of Hcy elevation in subclinical
hypothyroidism and hypothyroidism patients.
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