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Abstract

thyroid antibodies.

TPOAD (=) group: T2DM with negative TPOADb (n = 65).

Background: Microalbuminuria is a prognostic marker of diabetes kidney disease. It is generally diagnosed as the
ratio of urinary albumin to creatinine (UACR) of 30-300 mg/g. Hashimoto's thyroiditis is a common disease in the
endocrinology and the thyroid antibodies may associated with kidney disease. We investigated the UACR in the
newly diagnosed T2DM with Hashimoto's thyroiditis and tried to detect the relationship between the UACR and

Methods: One hundred twenty newly diagnosed T2DM patients with Hashimoto's thyroiditis and euthyroidism and
50 sex and age-matched T2DM with non-Hashimoto's and other thyroid disease were recruited. T2DM patients
were divided into 2 groups by the titer of TPOAb: (1). TPOAb (+) group: T2DM with positive TPOAb (n = 105); (2).

Results: T2DM with positive TPOAb group had higher UACR than T2DM with negative TPOAb group (21.55+7.28
vs 15.13+5.69 mg/g, P < 0.07). UACR were positively related to BMI (r=0.255, P < 0.05), FPG (r=10.285, P < 0.05),
HbATc (r=0.260, P < 0.05) and TPOAb (r=0.349, P < 0.05). HbA1c (3=0.793, P < 0.05), BMI (3 =0.342, P < 0.05) and
INTPOADb (B =1.207, P < 0.05) were independently associated with UACR.

Conclusions: In the newly diagnosed T2DM patients, Hashimoto's thyroiditis with TPOAb positive had higher UACR
levels. TPOAD titer, BMI and HbATc were independent associated with UACR in these patients.
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Background

Type 2 diabetes mellitus (T2DM) is an important public
health problem in the world and 10.9% of the adult popu-
lation in China was affected in 2013 [1]. Microalbuminuria
is generally diagnosed as the ratio of urinary albumin to
creatinine (UACR) of 30-300 mg/g or urine albumin ex-
cretion of 30-300 mg/24h [2]. Microalbuminuria is a
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prognostic marker of diabetes kidney disease [3]. In
addition, microalbuminuria increased the risk of cardio-
vascular morbidity and mortality, stroke, and heart failure.
It begins even when the microalbuminuria is in normal
range or high-normal range in both diabetes and euglyce-
mic individuals [4—6]. For the diabetes patients, American
diabetes association suggested that the urinary albumin
should be assessed at least once per year [7].

Hashimoto’s thyroiditis is another common disease in
the endocrinology. The morbidity of Hashimoto’s thy-
roiditis is 0.2% in men and 2% in women [8]. It is an

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-020-00650-0&domain=pdf
http://orcid.org/0000-0003-2261-6300
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:drwg6688@163.com

Zhu et al. BMC Endocrine Disorders (2020) 20:172

importance cause of hypothyroidism. The autoimmune
mechanism of Hashimoto’s thyroiditis is associated to
the renal disease. Some evidences point that about 10—
30% Hashimoto’s thyroiditis patients had microprotei-
nuria or nephrotic syndrome [9]. The possible mechan-
ism is that thyroid antigens including thyroglobulin
(TG) and thyroperoxidase (TPO) are released in the situ-
ation of Hashimoto’s thyroiditis. Both of TPO and TG
can combine with their antibodies (TGAb and TPOAD)
and form circulating immune complex. It can deposit in
the glomerulus and as nephritis antigen to form in situ
immune complex [10]. But whether Hashimoto’s
thyroiditis aggravated the microalbuminuria in T2DM
patients, the research is few. In this study, we tried to
detect the association between the thyroid antibodies of
Hashimoto’s thyroiditis and microalbuminuria in newly
diagnosed T2DM with normal thyroid function patients.

Methods

Subjects

A total of 120 newly diagnosed T2DM patients with Hashi-
moto’s thyroiditis and euthyroidism and 50 newly diag-
nosed T2DM patients without Hashimoto’s and other
thyroid disease were recruited in the outpatient endocrin-
ology department of Beijing Chao-yang hospital from June
2015 to June 2018. Diagnostic criteria for Hashimoto’s thy-
roiditis were (1). The ultrasound tests showed thyroid par-
enchymal heterogeneity. (2). Elevated of thyroperoxidase
antibody (TPOAb, >60IU/ml) and/or thyroglobulin anti-
body (TGAD, >60IU/ml). Diagnostic criteria of diabetes
mellitus were according to the World Health Organization
(WHO) criteria 2019. All patients should have the normal
thyroid function. Their free T3 (FT3), free T4 (FT4), total
T3 (TT3), total T4 (TT4) and thyroid-stimulating hormone
(TSH) were in the normal range. All subjects were excluded
if they had the history of other thyroid disease such as sub-
acute thyroiditis, Graves’ disease and thyroid carcinoma,
type 1 diabetes mellitus and renal disease. Other diseases
affecting microalbuminuria such as hypertension, systemic
lupus erythematosus, gout and urinary tract infection were
excluded. T2DM patients without thyroid disease should
had euthyroidism and normal TPOAb and TGAD level.

T2DM patients were divided into 2 groups by the titer
of TPOAD: (1). TPOAD (+) group: T2DM with positive
TPOAb (n=105); (2). TPOAb (-) group: T2DM with
negative TPOAD (n = 65).

All patients enrolled in the study gave informed con-
sent. All procedures were conducted in accordance with
Declaration of Helsinki. The ethics committee of Beijing
Chao-yang Hospital approved the present research.

Laboratory measurements
All 170 patients underwent the assessment of the phys-
ical examination including height, weight and blood
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pressure at the fasting state. Blood samples were col-
lected at morning fasting state. Test items included fast-
ing plasma glucose (FPG), HbAlc, total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), triglycerides
(TG), creatinine (Cr) and thyroid function (FT3, FT4,
TT3, TT4. TSH), thyroid antibodies (TPOAb, TGAD).
FT3, FT4, TT3, TT4, TSH, TPOAb and TGAb were
measured by chemiluminescence. The normal ranges of
thyroid parameters are listed below: FT3: 1.71-3.71 pg/
ml; FT4: 0.7-1.48 ng/dl; TT3: 0.58-1.59 ng/ml; TT4:
4.87-11.72pg/dl, TSH: 0.35-4.941U/ml, TPOAb: 0-60
IU/ml; TGAD: 0-60 IU/ml. Urinary albumin was tested
using immunoturbidimetric assay. Urinary creatinine
was enzymatically measured. Microalbuminuria was
evaluated by the urinary albumin-to-creatine ratio
(UACR) in a random spot urine collection (mg/g). Thy-
roid ultrasound was performed in each subject. Body
mass index (BMI) was calculated as height (kg)/
weightz(mz).

Statistical analysis

Data were analyzed by SPSS 20.0 software (SPSS, Inc.,
Chicago, IL, USA). Continuous data as age, BMI, TC,
LDL-C, HDL-C, Cr FT3, FT4, TT3, TT4, TSH, UACR,
systolic pressure (SBP) and diastolic pressure (DBP) were
expressed as Mean + SD. Non-normally distributed vari-
ables as TG, TPOAb, TGADb were expressed as median
(IQR). Continuous data were analyzed by Student’s t
test. Non-normally distributed variables were analyzed
by nonparametric test. Pearson or Spearman’s rank cor-
relation was used to assess the association between
UACR and other parameters. Multiple linear regressions
were used to assess the associated factors of UACR.
TPOAD was In transformed before analysis. All analyses
were two tailed and P < 0.05 were considered statistically
significant.

Results

Baseline characteristics of the newly diagnosed T2DM
patients with and without positive TPOAb

The baseline characteristics of newly diagnosed T2DM
patients were performed in Table 1. The age, sex, BMI,
blood pressure, TC, HDL-C, HDL-C, TG, FPG, HbAlc,
Cr, TT3, TT4, FT3, FT4, TSH were matched in the two
groups (Table 1).

The differences of UACR were summarized in Fig. 1.
TPOAD positive group had higher UACR than TPOAb
negative group (21.55+7.28 vs 15.13 +5.69 mg/g, P<
0.01, Fig. 1).

The correlations between the UACR and other parameters
The correlation analyses were conducted to test the
associations between UACR and other parameters
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Table 1 Comparison of clinical parameters of T2DM with

positive TPOAb and with negative TPOAb

TPOAD (+) TPOAb(-) P Value
(n =105) (n =65)
Age, years 469+108 482£105 0429
Sex, male/female 29/76 20/45 0.393
BMI, kg/m2 2745 +4.80 27.04 467 0.590
SBP: mmHg 11594135 11743 +£13.23 0466
DBP: mmHg 752+89 772+93 0.151
TC, mmol/L 530£1.02 516£1.23 0451
LDL-C, mmol/L 3.07+087 292+0.80 0258
HDL-C, mmol/L  1.23+035 1.18+£031 0310
TG, mmol/L 1.61 (1.06,2.82) 1.53 (1.09,2.57) 0.941
Cr, umol/L 69.80+13.30 6736+ 1296 0.661
FPG, mmol/L 8.88+293 862+ 192 0533
HbA1c: % 885+ 1.76 8.55+1.60 0.250
TT3: ng/ml 0.96 £0.21 1.02+£0.23 0.069
TT4: ug/dl 633+£133 6.71+1.60 0.095
FT3: pg/ml 252+043 264 £048 0.090
FT4: ng/dl 1.10£0.16 1.15+£0.23 0.133
TSH: Uiu/ml 206+ 1.25 209+0.84 0.869
TPOAB: IU/ml 246.19 (11837,621.80) 22.74 (829, 3343) <0.001
TGAB: IU/ml 7155 (24.25,188.74) 20.04 (897,47.84) < 0.001

Abbreviations: BMI body mass index; SBP systolic pressure; DBP diastolic
pressure; TC total cholesterol; LDL-C low-density lipoprotein cholesterol; HDL-C
high-density lipoprotein cholesterol; TG triglycerides; Cr creatinine; TT3 total
T3; TT4 total T4; FT3 free T3; FT4 free T4; TSH thyroid stimulating hormone;
TPOAb thyroperoxidase antibody; TGAb thyroglobulin antibody

UACR (mg/g)
N [N H
e o g

—
i

P<0.01

TPOAD (+)

TPOAD (-)

Fig. 1 UACR values of newly diagnosed type 2 diabetes mellitus
subjects with TPOADb positive and TPOAb negative group. UACR
values were expressed as mean =+ SD, and P < 0.05 was considered
statistically significant. TPOADb (+): T2DM with TPOAb positive. TPOAb
(=): T2DM with TPOAb negative. Abbreviations: UACR: ratio of
urinary albumin and creatinine; T2DM: type 2 diabetes mellitus;

TPOAD: thyroid peroxidase antibody; TGAb: thyroglobulin antibody
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(Fig. 2a-d). UACR were positively related to the BMI
(r=0.255, P< 0.05, Fig. 2a), FPG (r=0.285, P < 0.05, Fig.
2b), HbA1lc (r=0.260, P < 0.05, Fig. 2c) and TPOAD (r =
0.349, P < 0.05, Fig. 2d). The relationships of UACR and
other parameters as age, sex, SBP, DBP, TC, LDL-C,
HDL-C, TG, TT3, TT4, FT3, FT4, TSH, TGAb were not
significant (P>0.05).

Multiple regressions of UACR and its related factors

Table 2 showed the multiple regressions of various inde-
pendent variables to test the association with UACR.
HbAlc, BMI and TPOAb were entered in the regression
model. TPOAb was Ln transformed before analysis.
Multiple regression analysis demonstrated that HbAlc
(B=0.793, P<0.05), BMI (B=0.342, P<0.05) and In
TPOAD (B =0.1.207, P< 0.05) were independently asso-
ciated with UACR.

Discussion

UACR is the ratio of urinary albumin and creatinine. It
represents the microalbuminuria in the T2DM. UACR is
not only the important marker of diabetes kidney disease
with diabetes kidney disease which occurs in nearly 20—
40% of diabetes patients, but also the predictor of some
complications of T2DM such as cardiovascular disease
and stroke and so on [5]. In the previous studies, the
morbidity and mortality of cardiovascular was positively
associated with UACR, although the UACR is in the
normal range [5, 11]. These effects even happen in the
non-diabetes [4]. In our research, the UACR of newly di-
agnosed T2DM patients was positively related to the
fasting plasma glucose and HbAlc. In the research of
diabetes, there is a clear relationship between the micro-
albuminuria and glycemic control. Intensive glycemic
control has been shown in many studies to delay the on-
set and progression of albuminuria in both type 1 and
type 2 diabetes mellitus [12, 13]. Our findings were con-
sistent with those previous studies.

The main finding of our research is the relationship
between the TPOAb and albuminuria in newly diag-
nosed T2DM patients. In our research, T2DM with
TPOAD positive patients had higher albuminuria than
TPOAD negative patients. In the correlated and regres-
sion analysis, TPOADb seem to be the main factor related
to the albuminuria in T2DM patients. In the previous
studies, thyroid function is closely related to the albu-
minuria [14]. Both hypothyroidism and subclinical
hypothyroidism could aggravate albuminuria in the
T2DM patients [15]. But in the Hashimoto’s thyroiditis
with euthyroidism the research is few. In our study, we
excluded the effects of thyroid hormone and thyroid
simulate hormone on albuminuria. The difference of al-
buminuria may be due to the autoimmune mechanism.
In 1970s, it was reported that patients with Hashimoto’s
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thyroiditis might be accompanied with proteinuria [16].
Some researchers found that TPO and TG in the sube-
pithelial immune deposit and mediated immune com-
plex glomerulonephritis. Both of TPO and TG can be
trapped in subendothelial level and elevated glomerular
permeability [17]. In addition, Guangda Xiang’s research
demonstrated that Hashimoto’s thyroiditis patients had
endothelial serious dysfunction even in the stage of
euthyroidism. Endothelial dysfunction is associated with
albuminuria [18].

In the histopathology research both TPOAb and
TGAD can be trapped at subendothelial level. But in our
research, we found TPOADb was the independent influ-
ence factor of UACR but not TGAb. In addition, the dif-
ferences of TPOAb and TGAb are in the complement

Table 2 Multiple stepwise regression analysis of the parameters
associated with RHI

Parameters B SE P value
BMI, kg/m2 0.342 0.112 0.003
HbA1C, % 0.793 0313 0.014
Ln-TPOAD, IU/ml 1.207 0287 <0.001

Abbreviations: BMI body mass index; TPOAb thyroperoxidase antibody

system and cytotoxicity. TPOAb could induce the com-
plement system and cellular cytotoxicity in contrast to
TGAD. The effects lead to the aggravation of inflamma-
tory status [19].. It may result in the higher UACR level
in the T2DM patients.

The present research also found that BMI is the inde-
pendently associated with UACR. This is consistent with
many previous studies. Obesity especially visceral obesity
is the important risk factor of diabetes kidney disease
[20, 21]. One possible hypothesis is obesity-induced
glomerular hyperfiltration and increased urinary albumin
excretion rate [22]. Moreover, adipocyte secrete inflam-
matory factors such as TNF-a and C-reactive protein.
These factors are toxic to glomerular podocytes and
mesangial cells [23, 24]. Other mechanisms include insu-
lin resistance, excessive lipid deposition oxidative stress
caused by obesity [25, 26].

Some limitations of the present study must be men-
tioned. First, the sample size of Hashimoto’s thyroiditis
patients with T2DM was small. Second, the diagnosis of
Hashimoto’s thyroiditis accorded to the TPOAb, TGAb
and ultrasound test. Pathological biopsy might make the
diagnosed of Hashimoto’s thyroiditis more accurate. Fi-
nally, the UACR is influenced by many factors such as
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glucose, blood pressure, exercise within 24 h, menstru-
ation and so on. The reexamine in another day or 24h
may make the results more credible.

Conclusions

In the newly diagnosed T2DM patients, Hashimoto’s
thyroiditis with TPOAb positive had higher UACR
levels. TPOAD titer, BMI and HbAlc independent asso-
ciated with UACR in these patients.
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