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Natural history of mild subclinical hypothyroidism in a
middle-aged and elderly Chinese population: a prospective

study
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Abstract. Subclinical hypothyroidism (SCH) has a high global prevalence. Most SCH patients have mild cases (thyrotropin
<10 mIU/L). Treatment recommendations for mild SCH are controversial, which raises concerns about the natural history
of mild SCH. We aimed to clarify the natural history of mild SCH. This is a prospective population-based study. We
measured thyroid function in 11,000 participants in the REACTION study and followed 505 newly diagnosed mild SCH
patients aged 40-years or older between 2011 and 2014. Logistic regression analysis was used to seek baseline parameters
associated with the natural outcomes of mild SCH. Among 505 mild SCH patients, 221 (43.8%) had persistent SCH, 251
(49.7%) reverted to euthyroidism, and 17 (3.4%) progressed to overt hypothyroidism (OH). Patients with higher baseline
total cholesterol (TC, between 201.0-240.0 mg/dL or >240.0 mg/dL vs. <201.0 mg/dL, p = 0.048 and 0.006, respectively)
or positive thyroid peroxidase antibodies (TPOAD, p = 0.009) had higher risks of progression to OH, while those with
higher baseline creatinine (CR, between 0.71-0.80 mg/dL or >0.80 mg/dL vs. <0.65 mg/dL, p = 0.031 and 0.004,
respectively), higher baseline thyrotropin (=7 mIU/L, p < 0.001) or older (>60 years vs. <50 years, p = 0.012) had lower
odds of reverting to euthyroidism. In conclusion, TPOAb and TC seem to be more important predictors of progression to
OH than initial thyrotropin, whereas high baseline thyrotropin or CR were negative correlated with reversion to

euthyroidism. The prognostic value of TC and CR in mild SCH should be considered.
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SUBCLINICAL HYPOTHYROIDISM (SCH),
characterized as a state of elevated thyrotropin (TSH)
with normal levels of serum free thyroxine (FT4),
can be mild (TSH <10 mlIU/L) or severe (TSH >10
mlIU/L). This has become a common thyroid disease
among adults [1-4]. The prevalence of SCH varies
between 4% and 20% in the adult population [4]. Age,
sex, race, body mass index (BMI), iodine intake and
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cut-off levels used to define SCH among different stud-
ied populations all contribute to the wide range of prev-
alence [3-5].

The natural history of SCH also fluctuated among
several population-based studies. The risk of progres-
sion to overt hypothyroidism (OH) ranged between 2%
and 28%. On the other hand, the proportion of patients
with spontaneous normalization of thyroid function is
20%-53.5%. Age, sex, initial TSH levels and thyroid
peroxidase antibodies (TPOAD) status may influence
thyroid function [4, 6-12]. However, when referring to
the natural history of “mild” SCH, only Rosario et al.
have focused on this topic in only the female popula-
tion, and found the prognostic value of ultrasound [7, 9].

The clinical significance of SCH varies widely. A
recent meta-analysis found that SCH is related to an
increased risk of coronary heart disease events and
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mortality in those with higher TSH levels [13]. Other
possible adverse consequences include depression,
Alzheimer disease, the worsening of renal function in
patients with chronic kidney diseases (CKD), symp-
tomatic OH and disordered lipid metabolism, particu-
larly elevation of total cholesterol (TC) [2, 4]. It is
widely agreed that L-thyroxine is necessary for severe
SCH patients. However, controversy exists for mild
SCH patients [1, 2, 4].

The predictive value of TSH levels, TPOAb sta-
tus and ultrasound for the natural history of the dis-
ease have been investigated [6-12]. However, impor-
tant metabolic indices such as TC or creatinine (CR)
have not been researched. Due to the essential role
of the natural history of mild SCH in treatment deci-
sion-making and the lack of knowledge about it, we
performed this prospective population-based cohort
study to investigate the natural history of mild SCH in
a Chinese population aged 40-years or older, for whom
the spontaneous course had not ever been studied. We
focused on factors associated with the progression or
recovery of thyroid function, and we expected to find
innovative prognostic factors.

Materials and Methods

Subjects

This was a prospective population-based cohort
study conducted in the rural area of Shandong Province,
China. The study population was derived from the
REACTION study, which was a community-based
study designed to investigate the epidemiology of
metabolic diseases across China since 2011 [14].
Inhabitants aged 40-year or older who had lived in their
residences for over 5 years were invited to participate.
Nearly 11,000 individuals were enrolled in the original
cohort. We performed the first visit from Apr 1, 2011
to Jan 31, 2012, and the final visit from Jul 1, 2014 to
Jan 31, 2015.

We used following exclusion criteria: 1) missing
demographic data such as BMI; 2) a history of diag-
nosed thyroid diseases or thyroid disease treatment
including thyroidectomy, radioiodine therapy, anti-thy-
roid medication or thyroid hormone; 3) taking medi-
cine that influences thyroid function, renal function
or lipid metabolism, including amiodarone, lithium,
tyrosine kinase inhibitors, alemtuzumab, interferon,
angiotensin-converting enzyme inhibitors, statins and
fibrates, as well as medicines that influence the process

of thyroid function analysis, including glucocorticoids,
estrogens, non-steroid anti-inflammatory drugs, antiep-
ileptic drugs, rifampin, furosemide or heparin, in the
last 3 months [15]; or 4) pregnancy during the cohort.
We contacted the eligible subjects by telephone every
2 months and conducted physical examination three
times during the 3-year follow-up.

The study was approved by the Ethics Committee
of Shanghai Jiao Tong University and all participants
signed informed consent [14].

Anthropometric measurements and laboratory methods

All investigators were trained to obtain anthropomet-
ric data in line with a standard protocol to minimized
the measurement error. Height and weight were mea-
sured in centimeters (cm) and kilograms (kg), respec-
tively. BMI was calculated by dividing weight (kg)
by squared height (m?). Blood pressure was measured
three times in the sitting position after a 5 minutes’ rest
for each participant using an electronic sphygmoma-
nometer and the average of three times measurements
was calculated for further study. Every participant was
inquired to complete a standard questionnaire, and we
didn’t instruct them change their dietary habits.

All participants provided blood samples from the
antecubital vein between 0800 h and 1000 h after a
minimum 10 hours fast. An oral glucose tolerance test
was performed if the participants had no previous diag-
nosis of diabetes. Subjects were asked to ingest a solu-
tion containing 75g glucose, and venous blood sam-
ples were collected at 120 min for evaluating plasma
glucose levels [16]. Serum levels of blood glucose
were measured directly within 2 hours. Blood samples
were centrifuged, subpackaged, and shipped on dry ice.
Thyroid function, including TSH, free triiodothyronine
(FT3), FT4 and TPOAb levels, was measured using
chemiluminescent procedures (Cobas E601; Roche,
Basel, Switzerland). The ARCHITECT ci16200
Integrated System (Abbott) were used to determine the
serum lipids profile, liver function and renal function.
The intra-assay and inter-assay coefficients of variation
were below 5% for all parameters.

The laboratory reference range were as follows:
FT3, 2.01-4.42 pg/mL (3.1-6.8 pmol/L); FT4, 0.94-
1.72 ng/dL (12-22 pmol/L); TSH, 0.27-4.2 mlU/L.
SCH was defined as a combination of elevated TSH
and normal FT4, and classified into mild or severe
when TSH <10 mIU/L or >10 mIU/L, respectively [4].
Positivity for TPOADb was considered when the serum



Prognosis of subclinical hypothyroidism

concentration of this antibody was higher than 34 1U/
mL. Diabetes was diagnosed when the subjects met as
least one criteria follows: a self-reported previous diag-
nosis by health care professionals, fasting plasma glu-
cose level of 126 mg/dL (7.0 mmol/L) or higher, 2-hour
plasma glucose level of 200 mg/dL (11.1 mmol/L) or
higher, or HbAlc concentrations of 6.5% or more [17].
Hypertension was defined as a history of taking blood
pressure lowing agents in last 3 months or a blood pres-
sure of 140/90 mm Hg (18.7/12.0 kPa) or greater [18].
Menopause is defined as 1 year without menses [19].

Statistical analyses

Results are shown as the mean + SD, median
(interquartile range) or number (percentage). Differences
among groups were compared using the one-way
ANOVA test, the ¥ test or the Kruskal-Wallis test. If the
null hypothesis was rejected in any test, we used Fisher’s
least significant difference test or the Dunnett-t3 test for
ANOVA testing, Bonferroni correction for ¥* testing and
Kruskal-Wallis test to perform multiple comparisons.
To analyze the variables related to the transition from
SCH to OH or euthyroidism, logistic regression mod-
els were used. Aimed to find significant variables, we
substituted all factors that might influence the natural
history of SCH into the regression equations simultane-
ously without the effect of obvious collinearity. In order
to associate the results with clinical significance and so
further develop the therapeutic strategy, each parameter
was stratified according to clinical consensus, except for
CR and gamma-glutamyl transpeptidase (GGT), which
were classified according to quartiles, because the val-
ues of CR and GGT of most subjects were within the
normal range.

All calculated p values were two-sided, and differ-
ences were considered significant if p <0.05 except
for the p value of multiple comparisons, which was
determined by specific methods. All statistical anal-
yses were performed using SPSS Statistical Analysis
System (version 23.0 for Windows; SPSS Inc, Chicago,
IL, USA).

Results

To eliminate the concern that the 90 eligible subjects
who did not accomplished the cohort might influence
our overall results, we compared baseline character-
istics between 505 subjects who accomplished cohort
and those did not and found that subjects who accom-
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plished cohort had higher high-density lipoprotein cho-
lesterol levels and slightly higher FT3 and FT4 levels
with no difference in TSH (Supplementary Table 1).

Prevalence of mild SCH and outcomes at the end of
Sfollow-up

At baseline, thyroid function tests were performed
on 10,795 subjects among 11,000 participants, and
1,088 subjects had mild SCH (10.1%). After applying
the exclusion criteria, 595 subjects were eligible, 90
subjects were excluded during the follow-up, finally
505 subjects were enrolled in our analysis (Fig. 1). Of
505 subjects with baseline mild SCH, 43.8% (n = 221)
had persistent SCH, 49.7% (n = 251) had normaliza-
tion of thyroid function, and 3.4% (n = 17) had OH at
the end of follow-up. Other outcomes included 1 case
of hyperthyroidism, 12 combinations of decreased
FT4 levels and normal TSH levels and 3 combina-
tions of increased FT4 levels and normal TSH lev-
els. The rate of other outcomes revealed no difference
between mild SCH cases and euthyroid controls (3.2%
vs. 3.6%, p = 0.618), and the rate of progression to
OH was significantly higher for cases with mild SCH
than for euthyroid subjects (3.4% vs. 0.37%, p <0.001)
(Data not shown).

| Initial enrollment (n = 11,000) ‘

‘ Thyroid funtion test |

| Initial mild SCH patients (n=1,088) |

Excluded (n =493)

-- Lacking of age/sex/BMI (n = 22)

-- Intake of medicines that influenced thyroid function,
serum lipids or renal function (n = 463)

-- History of diagnosed thyroid dysfunction, thyroid
tumor or thyroid disease treatment (n = 8)

Initial follow-up (n = 595)

Excluded during the follow-up (n = 90)

-- Dropped out (n = 81)

-- Occured thyroid cyst, adenoma or nodule, and
underwent thyroidectomies (n = 9)

Eligible mild SCH patients (n = 505) ‘

Fig. 1 Flowchart of enrollment process

Abbreviations: SCH, subclinical hypothyroidism; BMI,
body mass index.
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Baseline characteristics of the study population

Baseline characteristics of individuals with differ-
ent thyroid function (euthyroid, SCH or OH) at the end
of follow-up are presented in Table 1. Compared to
patients who would revert to euthyroidism, patients with
persistent SCH were significantly older and had higher
TSH and lower FT3 and FT4 levels. Additionally,
patients with OH had higher TSH than euthyroidism
group and significantly lower baseline FT4 levels and
a higher positive rate of TPOAb than the other two
groups. The positive rate of TPOAD in 505 subjects
accomplished the cohort was 19.8% (Supplementary
Table 1). Besides, we inquired menstrual conditions in
294 subjects and found the proportion of menopausal
subjects was similar among 3 groups (p = 0.153, data
not shown).

Regression model

We performed logistic regression analysis to inves-
tigate factors associated with progression or resolu-
tion (Table 2 and Table 3). Age, sex, BMI, TC, GGT,

CR, DM status, HT status, TSH and TPOAD status
were substituted into equation simultaneous to find
significant factors. Sex, BMI, GGT and the presence
of diabetes or hypertension were not significantly
related to the transition from mild SCH to euthyroid-
ism or OH. Mild SCH patients with serum TC lev-
els of 201.0-240.0 mg/dL or higher than 240.0 mg/dL
had greater risks of developing OH than those with
TC below 201.0 mg/dL (OR = 5.769 and 15.676, p
= 0.048 and 0.006, respectively). Similarly, the inci-
dence of developing OH was higher for those with
positive TPOAb than patients with negative TPOADb
(OR = 17.007, p = 0.009). Since limited cases in OH
group and numerous variables might make our results
suspect, we also performed a simplified regression
model with 7 most interested variables and found sim-
ilar results (Supplementary Table 2).

On the other hand, patients aged older than 60 years
had a lower likelihood of reversion than those aged 50
years or younger (OR = 0.487, p = 0.012). Those with
CR between 0.71-0.80 mg/dL or higher than 0.80 mg/dL

Table 1 Baseline characteristics of subjects with euthyroidism, SCH or OH at the end of follow-up

Characteristics Euthyroidism (n=251) SCH (n=221) OH (n=17) p value
Age, yr, mean (SD) 54.20 (7.92) 57.27 (8.74)° 55.94 (10.09) <0.001
Female, n (%) 187 (74.5) 168 (76.0) 12 (70.6) 0.860
BMI, kg/m?, mean (SD) 25.42 (3.62) 25.26 (4.21) 26.91 (4.40) 0.247
TC, mg/dL, mean (SD) 199.9 (42.9) 198.4 (39.1) 205.7 (40.2) 0.766
TG, mg/dL, median (IQR) 110.7 (90.3) 104.5 (77.1) 94.8 (47.8) 0.377
LDL-C, mg/dL, mean (SD) 117.2 (33.6) 116.2 (31.3) 117.2 (30.2) 0.946
HDL-C, mg/dL, mean (SD) 56.5 (13.5) 56.5(13.9) 60.7 (15.9) 0.439
FPG, mg/dL, mean (SD) 112.8 (33.0) 114.4 (34.6) 128.1 (51.2) 0.206
HbAIc, %, mean (SD) 6.32(1.39) 6.20 (1.12) 6.75 (1.86) 0.184
SBP, mm Hg ?, mean (SD) 139.55 (20.52) 140.95 (22.32) 138.94 (18.46) 0.754
DBP, mm Hg, mean (SD) 82.13 (11.79) 80.65 (12.07) 78.29 (12.88) 0.234
ALT, IU/L, mean (SD) 18.48 (10.93) 17.49 (9.07) 19.71 (7.52) 0.446
AST, IU/L, mean (SD) 22.20 (7.92) 21.86 (7.34) 24.24 (10.17) 0.464
GGT, IU/L, median (IQR) 19.00 (13.00) 18.00 (11.00) 18.00 (9.00) 0.704
Cr, mg/dL, mean (SD) 0.72 (0.13) 0.74 (0.13) 0.73 (0.08) 0.467
DM, n (%) 65 (25.9) 62 (28.1) 5(29.4) 0.848
HT, n (%) 113 (45.0) 111 (50.2) 8(47.1) 0.528
FT3, pg/mL, mean (SD) 3.19(0.47) 3.05 (0.42) ° 3.11 (0.32) 0.004
FT4, ng/dL, mean (SD) 1.24 (0.15) 1.20 (0.14)® 1.06 (0.10) ™ <0.001
TSH, mIU/L, median (IQR) 4.88 (1.07) 5.56 (1.81)° 5.46(2.03)° <0.001
TPOAD positive, n (%) 40 (15.9) 41 (18.6) 8 (47.1) % 0.006

@ Multiply 0.133 to convert values to kPa. ° Differ from euthyroidism group and € differ from SCH group significantly in multiple
comparisons. Abbreviations: SCH, subclinical hypothyroidism; OH, overt hypothyroidism; SD, standard deviation; IQR, interquartile
range; BMI, body mass index; TC, total cholesterol; TG, total triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; FPG, fasting plasma glucose; HbAlc, hemoglobin Alc; SBP, systolic blood pressure; DBP,
diastolic blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; Cr,
creatinine; DM, diabetes mellitus; HT, hypertension; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyrotropin; TPOADb, thyroid

peroxidase antibody.
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were less likely to normalize their thyroid function than
those with CR of 0.65 mg/dL or lower (OR = 0.529 and
0.350, p=0.031 and 0.004, respectively). Additionally,
patients with TSH of 7.00 mIU/L or higher also were
less likely to revert to euthyroidism (OR = 0.192, p <
0.001). As we did not employ cut points with clini-
cal significance for CR and GGT, we utilized these two
parameters as continuous variables in each logistic anal-
ysis as well, and found similar results (Supplementary
Table 3 and Supplementary Table 4).

Table 2 Logistic regression analysis of basal characteristics
related to progression of thyroid function

Discussion

The present study, to the best of our knowledge, is
the first prospective population-based cohort study of
the natural history of mild SCH in the Chinese pop-
ulation. Our study revealed that nearly half of mild
SCH subjects reverted to euthyroidism during a 3-year
period. Furthermore, in addition to TSH and TPOADb
status, lipid profiles and renal function may influence
the course of the disease in some ways.

Table 3 Logistic regression analysis of basal characteristics
related to normalization of thyroid function

Progression to overt hypothyroidism

Normalization of thyroid function

Variables B OR 95%ClI p value Variables B OR 95%CI p value
Age, year 0.730 Age, year 0.028
<50 1 <50 1
51-60 -0.672  0.510 0.097-2.693 0.428 51-60 -0.168  0.845 0.517-1.383 0.504
>60 -0.380  0.684 0.110-4.242 0.683 >60 -0.719  0.487 0.279-0.851 0.012
Sex Sex
Male 1 Male 1
Female -1.910 0.148 0.016-1.371  0.093 Female -0.457  0.633 0.347-1.157 0.137
BM], kg/m? 0.052 BM], kg/m? 0.733
<24 1 <24 1
24.00-27.99 -1.066 0.344 0.047-2.500 0.292 24.00-27.99  0.150 1.162 0.728-1.854 0.530
>28.00 1.249 3.486 0.582-20.877 0.171 >28.00 -0.034  0.967 0.544-1.720 0.909
TC, mg/dL 0.020 TC, mg/dL 0.501
<201.0 1 <201.0 1
201.0-240.0  1.753  5.769 1.018-32.690 0.048 201.0-240.0 -0.037 0.964 0.598-1.553 0.880
>240.0 2.752 15.676 2.227-110.367 0.006 >240.0 0.329 1.389 0.751-2.570 0.295
GGT, IU/L 0.522 GGT, IU/L 0.529
<14.00 1 <14.00 1
14.01-18.00 -0.456 0.634 0.102-3.942 0.625 14.01-18.00  0.267 1.306 0.736-2.317 0.361
18.01-25.00 -1.108 0.330 0.042-2.618 0.294 18.01-27.00  0.396 1.486 0.827-2.669 0.185
>25.00 -1.777  0.169 0.014-2.040 0.162 >27.00 0.443 1.558 0.794-3.059 0.198
CR, mg/dL 0.873 CR, mg/dL 0.035
<0.65 1 <0.65 1
0.66-0.71 0.292  1.339 0.239-7.489 0.739 0.66-0.70 -0.469  0.626 0.353-1.109 0.109
0.72-0.80 0.258 0.773 0.105-5.700 0.800 0.71-0.80 -0.637 0.529 0.297-0.943 0.031
>0.80 -0.501  0.606 0.056-6.505 0.679 >0.80 -1.049  0.350 0.170-0.722 0.004
DM DM
No 1 No 1
Yes -0.720  0.487 0.086-2.759  0.416 Yes -0.034  0.966 0.605-1.543 0.886
HT HT
No 1 No 1
Yes -1.185  0.306 0.071-1.308  0.110 Yes -0.139  0.870 0.572-1.325 0.517
TSH, mIU/L TSH, mIU/L
<7.00 1 <7.00 1
>7.00 -0.078  0.925 0.198-4.315  0.921 >7.00 -1.648  0.192 0.098-0.378  <0.001
TPOAb TPOAb
Negative 1 Negative 1
Positive 1.947  7.007 1.620-30.297  0.009 Positive 0.031 1.032 0.603-1.764 0.909

All variables were substituted into regression model
simultaneously to scan predictors. Abbreviations: OR, odds
rate; CI, confidence interval; BMI, body mass index; TC, total
cholesterol; GGT, gamma-glutamyl transpeptidase; Cr, creatinine;
DM, diabetes mellitus; HT, hypertension; TSH, thyrotropin;
TPOADb, thyroid peroxidase antibody.

All variables were substituted into regression model
simultaneously to scan predictors. Abbreviations: OR, odds
rate; CI, confidence interval; BMI, body mass index; TC, total
cholesterol; GGT, gamma-glutamyl transpeptidase; Cr, creatinine;
DM, diabetes mellitus; HT, hypertension; TSH, thyrotropin;
TPOADb, thyroid peroxidase antibody.
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A total of 505 mild SCH patients completed the
present study, more than several previous studies on
this topic [6-11]. Compared with other studies, we
included individuals aged 40-years or older instead of
only elderly people in both sexes [6-11]. Furthermore,
the population prevalence of mild SCH is 10.1%, within
the range of 4% - 20% described by previous articles
[4]. This suggests that our study, at least to some extent,
represented the natural history of mild SCH in the mid-
dle-aged and elderly Chinese population.

In our 3-year cohort study, we found that subjects
with SCH had significantly higher risks of progression
to OH compared to euthyroid subjects. An investiga-
tion conducted in Japan [8] drew a similar conclusion,
but risks were higher either in SCH subjects (7.0%) or
euthyroid subjects (1.6%) than in our study. The differ-
ence might partly result from the higher baseline TSH
levels in their study population, as they enrolled some
severe SCH patients. The difference might also result
from the generally higher iodine intake in Japan. Huber
et al. [11] revealed a high degree of progression (28%)
in a study of 82 women. Their study included patients
who received thyroid disease treatment such as thyroid-
ectomy and radioiodine therapy, and the TPOAD posi-
tive rate was 51%. Both these factors could influence
outcomes to some extent. Previous studies have docu-
mented well that the risk of progression of thyroid func-
tion was positively correlated with baseline TSH con-
centrations as well as TPOAD status [6-8, 10, 11, 20].
But for mild SCH population only, Rosario et al. found
that only initial TSH was a predictor of the need for L-T4
therapy [6, 7]. When it comes to our study, the pres-
ence of baseline TPOAD still had a significant positive
association with progression of thyroid function in mild
SCH, whereas baseline TSH did not. As the patients
treated with L-T4 included not only OH patients, but
also severe SCH patients in Rosario’s study, the incon-
sistent conclusion might result from the different prog-
nostic value of TSH in OH and severe SCH. Also, their
study reported a population initial TSH value at 7.4
mlU/L, which means the patients we enrolled were rel-
atively milder compared with previous studies focused
on this topic [7]. Furthermore, the number of subjects
who progressed was relatively small in our analysis.
For these reasons, TSH levels did not reveal a relation-
ship with progression to OH in our analysis. For all
this, our results implied that TSH, compared to TPOADb,
might not play a very important role in the natural his-
tory of our uncomplicated mild SCH population.

A novel finding of our study was that patients with
higher serum TC had significantly higher risk of pro-
gression to OH. It has been clarified by previous stud-
ies that thyroid hormones regulate lipid metabolism,
including TC. Furthermore, lipid disorders includ-
ing elevated cholesterol were observed even in SCH
patients [21]. Previous studies in our laboratory sug-
gested that the independent effect of TSH on hepatic
cholesterol metabolism might be the mechanism
involved [22-24]. On the other hand, lipid profile can
somehow influence the prevalence of SCH. Bindels
et al. [25] reported a dramatic increase of SCH prev-
alence from 4.0% in middle-aged women with total
plasma cholesterol <193.3 mg/dL to 10.3% in those
with TC >309.4 mg/dL. They also observed a trend of
increased OH prevalence as TC rose in both sexes. In
regression analysis of TC, we used 201.0 mg/dL and
240.0 mg/dL as cut-off points that were also used to
evaluate cardiovascular risk [26]. Our study demon-
strated that mild SCH subjects with TC between 201.0-
240.0 mg/dL had 5 times greater risk of developing OH
compared with patients with TC <201.0 mg/dL. And
the risk was 15 times greater in patients with TC >240.0
mg/dL. These results suggested the possibility that TC
might be a promising predictor and the control of TC
levels may benefit mild SCH patients in a very efficient
way. As we known, estrogen can regulate lipids metab-
olism. However, the similar proportion of menopausal
subjects among 3 groups indicated that estrogen levels
might not be involved in the underlying mechanism.
Zhao et al. found that thyroid might be a target organ
for the deposition of triglyceride, which evoked the
hypothesis that thyroid was the target organ of choles-
terol as well [15]. Previous studies found that choles-
terol inhibited the activity of extracellular signal-regu-
lated kinase (ERK) [27], and ERK signaling pathway
can up regulate the phosphorylation of thyroid tran-
scription factor 1 (TTF-1) [28], which is a thyroid spe-
cific transcription factor and essential for the expression
of thyroid hormone synthesis-related molecules thyro-
globulin (TG), thyroid peroxidase (TPO) and sodium/
iodide symporter (NIS) [29]. Besides, previous studies
demonstrated that cholesterol was a major component
of endoplasmic reticulum (ER), and excess cholesterol
could induce ER stress [30, 31], which was associated
with thyroid dysfunction [32]. Thus, the abnormal syn-
thesis of thyroid hormones caused by the above mech-
anism contributed to the hypothyroidism progression.
As this is a clinical study, it is difficult for us to find the
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real cause of hypothyroidism progression, which is a
limitation of our study. We necessitate further research
to verify our findings and hypothesis

Nearly half of our individuals with mild SCH
(49.7%) experienced a normalization of thyroid func-
tion during a 3-year period in our study. The rate of
spontaneous normalization in this study was simi-
lar to that reported in Japan (53.5% over 4.2 years),
but was higher than rates reported in the USA (35%
over 2 years) [6], Brazil (22.8% over 5 years) [7] and
Spain (37.4% over 0.5-6 years) [10]. Huber et al. [11]
even reported a 4% rate of regression in a population
that included patients with diagnosed thyroid diseases.
Although these results are less comparable because
of different characteristics of participants in the dif-
ferent studies, we found a regression rate higher than
most previous studies in our study, which was the only
one to enroll only patients with mild SCH from both
sexes. Based on previous studies and expert reviews,
we used 7.0 mIU/L of TSH as cut-off points [1, 13]
and found that higher TSH concentrations significantly
impaired the likelihood of TSH normalization in our
logistic regression analysis, similar to previous studies
[6, 8, 10]. Accordingly, the generally lower TSH levels
among our cases compared with previous studies may
be one of the reasons that TSH normalization occurred
in a high proportion of our patients. We also found
results consistent with Somwaru ef al. [6] and Rosério
et al. [7] in that spontaneous normalization status was
similar among patients with positive TPOAD and those
without. The difference is that we found that age also
had negative correlation with TSH reversion to nor-
mal in our analysis. As the age range in our study was
between 40 and 77-years, the wider range and younger
age compared with previous studies also contributed
to the different results and the higher regression rate in
the present study [6, 10].

The relationship between thyroid function and renal
function has frequently been discussed in previous arti-
cles. Asvold et al. [33] found that low thyroid func-
tion, characterized by high TSH levels even within
the normal range, were associated with reduced renal
function expressed as CR level or estimated glomeru-
lar filtration rate (GFR). On the other hand, patients
with CKD had an increased prevalence of hypothy-
roidism and SCH [34]. Furthermore, we stratified
patients based on the quartiles of CR level and ana-
lyzed the association between serum CR and the nat-
ural history of mild SCH in a longitudinal study. The

results revealed that patients with higher baseline CR
concentrations within the normal reference range were
dramatically less likely to revert to euthyroidism. The
results were similar when we utilizing CR as continu-
ous variable. However, CR levels were not associated
with progression to OH in the present study. This may
be because the slightly increased CR within the normal
range did not affect thyroid function as much as CKD
did. Our results suggested that renal function expressed
as serum CR concentration somehow correlated with
the outcome of mild SCH. One plausible mechanism
is that patients with impaired renal function (charac-
terized by higher CR) excreted less iodine into urine
and then made the patients more susceptible to excess
iodide, which may influence thyroid function, although
it should be verified in mild SCH patients [1, 35].

It was reported that TSH levels increased with age
and indicated an overestimation of SCH prevalence in
older people [36]. A recent study provided a method to
determine a population-specific TSH reference range
[37]. However, we had no access to a Chinese-specific
range at present. Furthermore, to our knowledge, there
is no previous population-based study on this topic
using an age-specific reference range, as this might
influence the risks of various outcomes [8]. Therefore,
we employed a common TSH reference range of 0.27-
4.2 mIU/L.

Our study has several limitations. First, we esti-
mated thyroid function based on a single thyroid func-
tion test at each visit. Although Andersen et al. [38]
monitored thyroid function of 16 men monthly and
found the individual variations were narrow, it is pos-
sible that some of our participants have been misclassi-
fied, and our results have gotten potential bias. Besides,
as we discussed earlier, one of the problems with this
analysis is the relatively small number of patients that
progressed to OH (n=17), which meant that our result
was not such robust. Although our simplified regres-
sion model found similar results, which suggested that
our findings at least might provide implications about
the effect of total cholesterol on hypothyroidism pro-
gression, we need a larger study to verify our results.
Additionally, although we communicated with par-
ticipants by telephone every 2 months and conducted
physical examinations convenient for participants,
90 mild SCH patients failed to complete the cohort.
However, we found that baseline characteristics were
similar between subjects who accomplished the cohort
and these 90 subjects, which meant that our results



444 Lietal.

were representative to some extent. Finally, we did
not perform ultrasound tests, which had been reported
to have a considerable predictive value in outcomes of
SCH, because of the lack of ultrasound scanners and
experienced doctors [9].

In conclusion, our present study demonstrated that
nearly half of mild SCH patients revert to euthyroidism.
In mild SCH patients, TPOAb and TC seem to be more
important predictors of progression to OH than initial
TSH, whereas high baseline TSH or CR were negative
correlated with reversion to euthyroidism. The prog-
nostic value of TC and CR in mild SCH should be con-
sidered. Patients with high TC or CR might need more
frequent monitoring of thyroid function. Future studies
should exam the possible benefits of L-thyroxine treat-
ment in patients with high TC or CR levels.

Supplementary Table 1 Baseline characteristics between
subjects who accomplished the cohort and
those did not
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Supplementary Table 2 Simplified logistic regression analysis
of basal characteristics related to progression of
thyroid function

Accomplished Un-accomplished

Progression to overt hypothyroidism

Characteristics (n=505) (n=90) p value Variables B OR 95%CI  value
Age, y, mean (SD) 55.52 (8.51) 56.26 (9.46)  0.458 Age, year 0.620

Female, n (%) 382 (75.6) 63(70.0) 0256 <50 1

BMI, kg/mZ, mean (SD) 25.42 (3.94) 25.05(5.18)  0.434 51-60 0.699 0497 0.106-2.335 0.376
TC, mg/dL, mean (SD) 199.5 (41.0) 191.0 (41.8)  0.064 >60 0.672 0511 0.106-2.463 0.403
TG, mg/dL, median (IQR) 107.2 (77.1) 1063 (82.4)  0.890 Sex

LDL-C, mg/dL, mean (SD) 116.8 (32.5) 114.8 (33.6) 0.614 Male 1

HDL-C, mg/dL, mean (SD) 56.5(13.5) 49.5(12.0)  <0.001 Female -1.858  0.156 0.024-1.026  0.053

FPG, mg/dL, mean (SD) 114.2 (36.2) 1150 (35.1)  0.871 TC, mg/dL 0.047

HbAlc, %, mean (SD) 6.28 (1.28) 6.34 (1.26) 0.701 <201.0 1

SBP, mm Hg *, mean (SD) 140.04 (21.15)  141.25(23.35)  0.625 201.0-240.0 1417 4123 0.873-19.473 0.074
DBP, mm Hg, mean (SD) 81.33(11.88)  82.51(11.75)  0.388 >240.0 2.161  8.682 1.522-49.518 0.015
ALT, TU/L, mean (SD) 18.03 (9.92) 17.43 (10.98)  0.608 GGT, IU/L 0.687

AST, IU/L, mean (SD) 22.19 (7.72) 22.39 (9.85) 0.855 <14.00 1

GGT, IU/L, median (IQR) 18.00 (12.00) 18.00 (18.50)  0.402 14.01-18.00 -0.079 0.924 0.192-4.435 0.921
Cr, mg/dL, mean (SD) 0.73 (0.13) 0.75(0.15)  0.142 18.01-25.00  -0273  0.761 0.144-4.031 0.748
DM, n (%) 134 (26.5) 29 (32.2) 0.265 >25.00 -1.245 0.288 0.034-2.410 0.251
HT, n (%) 239 (47.3) 46 (51.1)  0.508 CR, mg/dL 0.595

FT3, pg/mL, mean (SD) 3.12 (0.45) 3.02 (0.48) 0.039 <0.65 1

FT4, ng/dL, mean (SD) 1.21 (0.15) 1.18 (0.14) 0.037 0.66-0.71 0.752 2.121 0.376-11.965 0.394
TSH, mIU/L, median (IQR) 5.17 (1.61) 524(1.83)  0.586 0.72-0.80 0.017  1.018 0.157-6.588 0.985
TPOADb positive, n (%) 94 (19.8) 17 (18.9) 0.837 >0.80 -0.392 0.676 0.080-65.714 0.719
@ Multiply 0.133 to convert values to kPa. Abbreviations: SD, ~ TSH. mlU/L

standard deviation; IQR, interquartile range; BMI, body mass <7.00 1

index; WC, waist; TC, total cholesterol; TG, total triglyceride; 27.00 -0.359  0.698 0.154-3.160 0.641
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density =~ TPOAb

lipoprotein cholesterol; FPG, fasting plasma glucose; HbAlc, Negative 1

hemoglobin Alc; SBP, systolic blood pressure; DBP, diastolic Positive 2.069 7915 2.008-31.197  0.003

blood pressure; ALT, alanine aminotransferase; AST, aspartate ~ All variables were substituted into regression model

aminotransferase; GGT, gamma-glutamyl transpeptidase; Cr,
creatinine; DM, diabetes mellitus; HT, hypertension; FT3, free
triiodothyronine; FT4, free thyroxine; TSH, thyrotropin; TPOADb,
thyroid peroxidase antibody.

simultaneously to scan predictors. Abbreviations: OR, odds rate;
CI, confidence interval; TC, total cholesterol; GGT, gamma-
glutamyl transpeptidase; Cr, creatinine; TSH, thyrotropin;
TPOAD, thyroid peroxidase antibody.
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Supplementary Table 3 Logistic regression analysis of basal
characteristics related to progression of thyroid
function utilizing continuous GGT and CR

Supplementary Table 4 Logistic regression analysis of basal
characteristics related to normalization of thyroid
function utilizing continuous GGT and CR

Progression to overt hypothyroidism

Normalization of thyroid function

Variables Variables
B OR 95%CI p value B OR 95%CI p value
Age, year 0.718 Age, year 0.020
<50 1 <50 1
51-60 -0.681  0.506 0.097-2.630 0.418 51-60 -0.145  0.865 0.532-1.407 0.558
>60 -0.482  0.618 0.108-3.517 0.587 >60 -0.733  0.481 0.277-0.835 0.009
Sex Sex
Male 1 Male 1
Female -1.841  0.159 0.018-1.368  0.094 Female -0.444  0.642 0.363-1.133 0.126
BMI, kg/m? 0.054 BMI, kg/m? 0.776
<24 1 <24 1
24.00-27.99 -1.146 0318 0.048-2.093 0.233 24.00-27.99  0.159 1.172 0.741-1.854 0.497
>28.00 1.025 2.788 0.596-13.032 0.193 >28.00 0.037 1.037 0.597-1.802 0.896
TC, mg/dL 0.031 TC, mg/dL 0.480
<201.0 1 <201.0 1
201.0-240.0  1.488 4.428 0.890-22.032 0.069 201.0-240.0  0.035 1.036 0.656-1.636 0.880
>240.0 2.540 12.677 1.871-85.883 0.009 >240.0 0.365 1.441 0.790-2.628 0.234
GGT, TU/L -0.036  0.964 0.895-1.040  0.347 GGT, IU/L 0.003  1.003 0.993-1.014 0.531
CR, mg/dL -0.032  0.969 0.896-1.048  0.425 CR, mg/dL -0.023  0.978 0.956-0.999 0.043
DM DM
No 1 No 1
Yes -0.585  0.557 0.107-2.908  0.488 Yes -0.012  0.988 0.623-1.569 0.961
HT HT
No 1 No 1
Yes -1.190  0.304 0.077-1.200  0.089 Yes -0.120  0.887 0.571-1.344 0.571
TSH, mIU/L TSH, mIU/L
<7.00 1 <7.00 1
>7.00 -0.120  0.887 0.197-3.984  0.875 >7.00 -1.606  0.201 0.103-0.390  <0.001
TPOAb TPOAb
Negative 1 Negative 1
Positive 1.848  6.350 1.565-25.764  0.010 Positive 0.044  1.045 0.616-1.775 0.869
All  variables were substituted into regression model All variables were substituted into regression model

simultaneously to scan predictors. Abbreviations: OR, odds rate;
CI, confidence interval; BMI, body mass index; GGT, gamma-
glutamyl transpeptidase; Cr, creatinine; DM, diabetes mellitus;
HT, hypertension; TSH, thyrotropin; TPOAD, thyroid peroxidase
antibody.

simultaneously to scan predictors. Abbreviations: OR, odds rate;
Cl, confidence interval; BMI, body mass index; GGT, gamma-
glutamyl transpeptidase; Cr, creatinine; DM, diabetes mellitus;
HT, hypertension; TSH, thyrotropin; TPOADb, thyroid peroxidase
antibody.
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