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Abstract

Type 2 diabetes [T2D] and thyroid dysfunction [TD] often co-occur, have overlapping pathol-
ogies, and their risk increases with age. Since 1995, universal salt iodization has been
implemented in China to prevent disorders caused by iodine deficiency. However, after two
decades of implementation of universal salt iodization, the prevalence of TD in elderly Chi-
nese patients with T2D is not well described and may have been underestimated. We con-
ducted a questionnaire-based survey across 24 endocrinology centers in China between
December 2015 and July 2016. Demographic and clinical data from 1677 patients with T2D
were obtained and analyzed to examine the prevalence of TD along with T2D in these
patients. We assessed TD prevalence according to the four TD subtypes [subclinical hypo-
thyroidism, clinical hypothyroidism, subclinical hyperthyroidism, and clinical hyperthyroid-
ism], TD history, gender, and age. The diagnosis rates were calculated for TD and also for
the TD subtype. The number of patients reaching treatment goals for T2D [hemoglobin A1c
<7%)] and TD [normal free thyroxine and thyroid-stimulating hormone [TSH]] and the inci-
dences of complications and comorbidities were recorded. Among the enrolled patients with
T2D [N = 1677], TD was diagnosed in 23.79% [399/1677] out of which 61% (245/399) were
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previously diagnosed and 38.59% (154/399) were newly diagnosed cases. Subclinical
hypothyroidism, clinical hypothyroidism, subclinical hyperthyroidism, and clinical hyperthy-
roidism were reported in 4.89%, 9.3%, 1.13%, and 3.16% of the total population, respec-
tively. Among patients previously diagnosed with TD, the incidence in women [166/795;
20.88%] was higher than in men [79/882; 8.96%)]. The treatment goals for TD and T2D were
attained in 39.6% [97/245] and 34.41% [577/1677] of the cases, respectively. Diabetic com-
plications and comorbidities were reported in 99.7% of patients, with peripheral neuropathy
being the most common [43.46%)] followed by cataract [24.73%]. We had found that the inci-
dences of dyslipidemia, elevated LDL levels, and osteoporosis were significantly higher in
patients with TD than those without TD. TD is underdiagnosed in elderly Chinese patients
with T2D.

Introduction

Worldwide, the proportion of elderly population is increasing. The global proportion of people
aged >60 years increased from 9.2% in 1990 to 11.7% in 2013 and is expected to reach 21.1%
by 2050 [1]. China is no exception to this; as of 2015, 16.1% [>220 million people] of the total
population in China is aged >60 years [2]. There are several diseases particularly targeting the
elderly population, and diabetes mellitus is one of them [3].

In 2013, it was estimated that 10.9% of the Chinese population had either diagnosed or
undiagnosed diabetes, whereas 35.7% of them were in prediabetic stage [4] with a higher prev-
alence in the elderly population [4]. Thyroid dysfunction [TD] is another disease that is
known to be prevalent in the elderly population [5]. Since 1995, universal salt iodization has
been implemented in China to prevent iodine deficiency diseases. However, in a 5 years fol-
low-up study, prevalence of hypothyroidism and autoimmune thyroiditis increased with ade-
quate or excessive iodine intake [6]. Following universal salt iodization, subclinical
hypothyroidism is reported to be the most commonly observed TD subtype in China [6]. A
meta-analysis of data from Chinese population [N = 178,995] reported association of different
levels of iodine intake with thyroid disease [7]. In this study, subjects were classified into 3 sub-
groups based on the median urinary iodine concentrations: low-iodine group [<100mg/L];
medium-iodine group [100 to 299mg/L]; high iodine group [>300mg/L] [7]. The prevalence
of clinical hyperthyroidism and subclinical hyperthyroidism was 0.7%. and 1.2%, respectively.
There was no significant difference in prevalence of hyperthyroidism in each group. The least
prevalence observed was of hypothyroidism [0.2%] in the medium-iodine group, whereas the
highest was for subclinical hypothyroidism [8.3%] in the high iodine group. However, sub-
group analysis according to the age was not performed, and so, prevalence in elderly popula-
tion was not reported.

Diabetes mellitus and TD are two endocrine-related disorders most commonly encoun-
tered in clinical practice [8], and their association is marked by a complex interdependence
[9]. They share several pathologies and are known to co-occur frequently [10,11]: approxi-
mately 12%-15% of patients with type 2 diabetes [T2D] were reported to have TD [9,12,13] as
compared with 1.3%-4.6% of the general population [14,15]. In addition, both hyper- and
hypothyroidism are associated with insulin resistance in patients with T2D [10]. Hyperthy-
roidism promotes hyperglycemia [16] and reduces the half-life of insulin [17,18], and hence,
the dosage of insulin needed to achieve normal blood glucose levels is likely to be higher in
T2D patients with hyperthyroidism [19]; conversely, patients with T2D suffering from

PLOS ONE | https://doi.org/10.1371/journal.pone.0216151 May 2, 2019 2/14


https://doi.org/10.1371/journal.pone.0216151

@ PLOS|ONE

Prevalence of thyroid dysfunction in elderly patients with type 2 diabetes

hypothyroidism may require less insulin [10]. With the reports of subclinical hypothyroidism
being independently associated with severe diabetic retinopathy, undiagnosed TD in patients
with diabetes can adversely affect their metabolic profiles and thereby increase the risk of dia-
betic complications [20,21]. Therefore, it is imperative to diagnose TD in patients with T2D as
early as possible to plan an effective treatment because in most of the cases, TD is asymptom-
atic [9].

In spite of evidence of a high prevalence of TD among patients with T2D globally, there is
limited information on the prevalence of TD in elderly Chinese patients with T2D. Moreover,
the profile of TD prevalence among Chinese elderly patients based on clinical and demo-
graphic parameters is unknown, which might be helpful in introducing relevant guidelines.
Therefore, this cross-sectional study evaluated the prevalence of TD among elderly patients
with T2D who visited endocrinology clinics in China [CROSS-DT Study]. In addition, we
determined the profile of TD among enrolled patients according to the TD subtype, history of
TD, gender, age, attainment of treatment goals, complications and comorbidities, and diagno-
sis rates.

Materials and methods
Study design

This was an observational cross-sectional study carried out by the Chinese Association of Geri-
atric Research [CAGR] as a questionnaire-based survey in 24 outpatient endocrinology clinics
in China between December 2015 and July 2016. The 24 study sites selected were members of
CAGR and were willing to participate in the study. The study sites were spread over the first,
second, third, fourth, and fifth line cities in all geographical regions of China, had tier 1, 2, and
3 hospitals, and represented different levels of economic development, ensuring that the results
of the study were not biased. The leading study site was Peking University People’s Hospital
with Dr Linong Ji being the principal investigator.

Ethics statement

This study was performed in accordance with the tenets of the Declaration of Helsinki and
approved by the ethical committee of Peking University People’s Hospital and written
informed consent was obtained from all participants.

Study participants. Patients aged >60 years with a confirmed diagnosis of T2D as per the
criteria of World Health Organization, 1999 [22], were included in the study. Patients diag-
nosed with type 1 diabetes and those not willing to participate in the study were excluded from
the study. Only patients who provided written informed consent were included in the study.

Data collection. Data were collected using case report forms, which the sub-investigators
at each clinic completed by consulting the patients and returned to the principal site. Demo-
graphic details including age, gender, race, duration for which the patients were affected by
diabetes, education, history of smoking or alcoholism, and physical activities were obtained.
All eligible patients also underwent a general physical examination and a medical chart review
at the time of recruitment into the study.

A detailed medical history of diabetes and its complications [diabetic nephropathy, retinop-
athy, neuropathy, foot, and frequency of hypoglycemia], TD, hypertension, dyslipidemia, cor-
onary heart disease, cerebrovascular disease, and other diseases was recorded.

Diabetic complications were diagnosed based on the medical records. Presence of glau-
coma, cataract, retinopathy and blindness were considered as diabetic ophthalmopathy while
diabetic nephropathy was diagnosed according to urinary albumin to creatinine ratio
(>30mg/g) and/or eGFR (< 60ml/min). Diabetic peripheral neuropathy was diagnosed based
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on clinical symptoms of neuropathy (pain, numbness and abnormal sensation) and any one
abnormality in the tests for ankle reflex, acupuncture pain sensation, vibration sensation, pres-
sure sensation and temperature sensation. Patients without clinical symptoms of neuropathy,
but with more than one abnormality in the above-mentioned tests were also considered to be
diabetic peripheral neuropathy. Diabetic foot was diagnosed by foot ulcer with infection and/
or amputation. Lower extremity atherosclerotic disease was diagnosed by color ultrasound
examination.

The specific treatment details regarding previous [last 6 months] and concomitant medica-
tions were also obtained. Thyroid test results [TSH, free triiodothyronine [FT3], free thyroxine
[FT4], total T3, and total T4, of which TSH, FT3, and FT4 were mandatory] and other labora-
tory test results in the previous year were recorded, and thyroid tests were conducted for those
who did not undergo thyroid tests within the past one year. Moreover, the past one year [if
avaijlable] data on hemoglobin Alc [HbAlc], total cholesterol, low density lipoproteins
[LDLs], triglycerides, electrocardiograms, and bone density were collected. Missing data for
demographic and laboratory parameters were recorded in the case report form.

The diagnosis of TD was made according to textbook definitions and guidelines [23,24].
Because each hospital site used different laboratory kits for hormone measurement, there was
no consistent cutoff value. Rather, each hospital performed a diagnosis according to its own
normal range values. However, in general, the following definitions were used:

Clinical hyperthyroidism [any one of the below criteria]:
o decreased TSH with elevated FT4 and /or elevated FT3

o subjects with a history of hyperthyroidism who were receiving anti-thyroid agents

« Clinical hypothyroidism: decreased FT4 and elevated TSH [including patients with a history
of hypothyroidism who were receiving levothyroxine]

o Subclinical hyperthyroidism: normal FT4, normal FT3, and decreased TSH
o Subclinical hypothyroidism: normal FT4 and elevated TSH

Based on these definitions, the investigator diagnosed TD if an abnormal TSH or FT4 value
was found, even in patients without any history of thyroid disease.

The medical records were re-analyzed by endocrinologists for previously diagnosed thyroid
dysfunction.

Study end points. The primary end point of this study was the prevalence of TD in elderly
Chinese patients with T2D. The secondary end points were ascertaining the prevalence rates
by TD subtype, gender, age, and history of TD, the percentage of patients reaching treatment
goals for both T2D and TD, and the percentage of complications and comorbidities in elderly
patients with T2D. The diagnosis rates [proportion of patients with T2D and with previously
diagnosed TD] were calculated for each TD subtype.

Statistical analysis

In order to detect an expected prevalence rate of 15%, with 2% precision and 95% confidence,
1650 subjects were required. The sample size was calculated as follows:

n = Z’p[l—p]/d’

[where n = sample size, Z = Z statistic for level of confidence, p = expected prevalence or pro-
portion, and d = precision].
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For continuous variables [age, height, and body mass index], the results were summarized
using the number of observations [N], number of missing data points [miss], means, standard
deviations [SDs], medians, 25th percentiles [Q1], 75th percentiles [Q3], minimums, and maxi-
mums. For categorical variables [gender and hypertension], the results were summarized as
frequencies and percentages. Student’s t-test and chi-square test/Fisher’s exact test were used
to determine the homogeneity of baseline characteristics. All statistical tests were two-sided
and p < .05 was considered significant.

The statistical analysis was carried out using statistical analysis system [SAS] version 9.4
[SAS Institute Inc., Cary, North Carolina, USA].

Results
Study population

We enrolled 1677 patients [mean + SD age: 71.17 + 8.06 years; 882 [52.59%] male and 795
[47.41%] female patients] from 24 endocrinology centers across China. The demographic and
baseline characteristics of the patients are summarized in Table 1. Fig 1, describes the patient
enrolment according to eligibility criteria.

The patients’ medical histories and clinical data at baseline are summarized in Table 2. All
included patients had thyroid function test results [either from their medical history or from
the new test] for the 12 months prior to inclusion in the study. The mean duration of T2D was
12.21 £ 7.56 years and 3.19 + 2.80 months in patients with a disease course of >1 year and <1
year, respectively, with corresponding durations of TD of 9.28 + 9.81 years and 2.93 £ 2.75
months, respectively.

Family histories of diabetes, thyroid disease, and coronary heart disease were reported in
471 [28.15%], 40 [2.40%], and 230 [14.08%] patients, respectively. Compared with T2D
patients without TD, higher number of T2D patients with previously diagnosed TD had a fam-
ily history of TD [1.61% vs. 6.97%; p < .0001].

The data on concomitant medications showed that 36 [2.15%] patients were receiving anti-
thyroid agents, whereas 113 [6.74%] were receiving levothyroxine. The most common medica-
tion taken by the enrolled patients were antihypertensive agents [59.15%], followed by lipid-
lowering agents [56.11%], antiplatelet aggregating agents [53.22%], and others [29.99%]. The
number of concomitant medications used by patients with and without TD was similar.

Prevalence TD in patients with T2D: overall and by age, gender, TD
subtype and history of TD

The overall prevalence of TD in the elderly patients with T2D enrolled for this study was
23.79% [399 of 1677 patients].

A total of 14.61% [245/1677] of enrolled patients had a previously diagnosed TD [of which,
67.76% were female patients], whereas 9.18% were newly diagnosed [154/1677] with TD. Fig 1
shows the distribution of the population affected by TD among elderly Chinese patients with
T2D according to TD history and subtype. Of the 399 patients with TD, the diagnosis rate
[that is, the proportion of patients with previously diagnosed TD] was 61.4% [245/399], that is,
38.6% [154/399] of TD cases were previously undiagnosed. Clinical hypothyroidism was the
major disease subtype in patients with previously diagnosed TD, [7.63%; 128/1677]. In con-
trast, subclinical hypothyroidism was the major disease subtype in newly diagnosed patients
[2.98%; 50/1677].

In the previously diagnosed TD, the prevalence was higher in female [20.88%] than in male
[8.96%] subjects [p < .0001]. However, age did not significantly affect the prevalence of TD.
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Table 1. Demographic and baseline characteristics of elderly, T2D patients with and without previously diagnosed TD [N = 1677].

Parameters mean [SD] or N [%] All patients Without TD With previously diagnosed TD [according to medical history]
[N = 1677] [n = 1432] [n = 245]
Age [years; mean [SD]] 71.17 [8.06] 71.26 [8.19] 70.61 [7.28]
<65 years 459 [27.37] 390 [27.23] 69 [28.16]
65< to <70 years 396 [23.61] 332 [23.18] 64 [26.12]
70< to <75 years 305 [18.19] 262 [18.30] 43 [17.55]
>75 years 517 [30.83] 448 [31.28] 69 [28.16]
Gender, n [%]
Male 882 [52.59] 803 [56.08] 79 [32.24]
Female 795 [47.41] 629 [43.92] 166 [67.76]
Marital status, n [%]
Unmarried 51[0.30] 410.28] 1[0.41]
Married 1578 [94.10] 1356[94.69] 222 [90.61]
Divorced 12 [0.72] 10 [0.70] 2[0.82]
Widowed 73 [4.35] 55 [3.84] 18 [7.35]
Education, n [%]
Illiterate 47 [2.80] 40 [2.79] 7 [2.85]
Primary school 381 [22.72] 336 [23.46] 45 [18.37]
Middle school 608 [36.25] 503 [35.13] 105 [42.86]
College degree or above 598 [35.66] 516 [36.03] 82 [33.47]
Height [cm; mean [SD]] 163.87 [8.20] 164.15 [8.27] 162.19 [7.62]
Weight [kg; mean [SD]] 66.92 [11.50] 67.14[11.54] 65.61 [11.18]
BMI [mean [SD]] 24.84 [3.37] 24.84 [3.38] 24.87 [3.35]
HR [beats per minute; mean [SD]] 75.49 [9.74] 75.53 [9.67] 75.22 [10.12]
SBP [mm Hg; mean [SD]] 134.08 [16.76] 134.55 [16.91] 131.32 [15.59]
DBP [mm Hg; mean [SD]] 76.93 [9.47] 77.21 [9.45] 75.29 [9.44]

BMI: body mass index; DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure; SD: standard deviation; T2D: type 2 diabetes; TD: thyroid
dysfunction.

https://doi.org/10.1371/journal.pone.0216151.t001

Proportion of patients with subclinical hypothyroidism, clinical hypothyroidism, subclinical
hyperthyroidism, and clinical hyperthyroidism was 4.89% [82/1677], 9.30% [156/1677], 1.13%
[19/1677], and 3.16% [53/1677], respectively. Further 5.31% [89/1677] of patients had “other”
type of TD [example, low T3].

Achievement of treatment goals

The treatment goals for previously diagnosed TD [normal FT4 and TSH] and T2D [HbAlc
<7%] were achieved in 39.6% [97/245] and 34.41% [577/1677] of the cases, respectively. For
calculation of the percentage of patients with TD who achieved treatment goal, only data of
patients with previously diagnosed was used because patients newly diagnosed with TD had
not commenced TD treatment. Higher proportion of patients with T2D and TD attained the
T2D treatment goal [51.02%; p <0.0001] than those without TD [31.56%)].

Complications and comorbidities

Diabetic complications were reported in 99.7% patients [1672/1677; 880 males and 792
females] across all age groups with peripheral neuropathy [43.46%] being the most prevalent
complication followed by cataract [24.73%], and diabetic retinopathy [22.68%] [Fig 2].
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Elderly patients with T2D from 24 study
centers in China (n=1677)

Diagnosis of thyroid dysfunction based on medical history

No

No thyroid dysfunction in the past
(n=1432)

Newly diagnosed TD
during the study

Yes No

Combined with thyroid dysfunction

Combined with thyroid

dysfunction Normal thyroid function

(n=245, (n=154, 9.18%) (n=1278)
Types of thyroid dysfunction for evaluation Types of thyroid dysfunction for evaluation
SC-hypo C-hypo SC-hyper C-hyper Others* SC-hypo C-hypo SC-hyper C-hyper Other**
(n=34) (n=128) (n=50) (n=18) (n=48) (n=28) (n=4) (n=3) (n=71)

Fig 1. Flow chart showing the distribution of the population with thyroid dysfunction [TD] among elderly Chinese patients with type 2 diabetes [T2D]. Patients
with a past medical history of thyroid dysfunction [TD]. **Other types of TD such as low T3. C: clinical; SC: subclinical; hypo: hypothyroidism; hyper: hyperthyroidism.

https://doi.org/10.1371/journal.pone.0216151.g001

Incidences of concomitant dyslipidemia, elevated LDL levels, and osteoporosis were signifi-
cantly higher in patients with previously diagnosed TD than those without TD [Table 3]. T2D
patients with previously diagnosed TD had significantly higher incidence of diabetes [p =
.0066], TD [p < .0001], and cardiovascular disease [p = .0016; Table 3] in family history than
those without TD.

Diagnosis rate by TD subtype

The diagnosis rates by TD subtype [i.e., the proportion of patients with a particular subtype of
TD who had a prior diagnosis] were 41.5%, 82.1%, 78.9%, and 94.3% for subclinical hypothy-
roidism, clinical hypothyroidism, subclinical hyperthyroidism, and clinical hyperthyroidism,
respectively.

Discussion

This study, evaluated the prevalence of TD in elderly patients with T2D in 24 endocrinology
clinics across China and found that TD was underdiagnosed in this population. Our findings
suggest that regular annual screening for thyroid function in patients with T2D maybe helpful
to improve health outcomes and quality of life in elderly patients with T2D [13,25].

The overall prevalence of TD in this study was 23.79%, which was higher than the preva-
lence rates reported in some other studies on patients with T2D [12%-15%], [12,13] in the
general [26,27] and healthy elderly [28,29] populations. Previous studies have reported highly
varied prevalence rates of TD in patients with T2D [13,30-32]. An observational cross-
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Table 2. Baseline medical history and course of disease in elderly, T2D patients [N = 1677].

History

Course of T2D
T2D >1 year
T2D <1 year
Uncertain
Missing

TD [last 12 months]

Type of previously diagnosed TD
Hyperthyroidism
Hypothyroidism
SC hyperthyroidism
SC hypothyroidism
Uncertain

Hypertension® [n = 1664]

Dyslipidemia* [n = 1661]

Type of dyslipidemia™' [n = 641]
TC abnormal
LDL abnormal
HDL abnormal
TG abnormal

CHD" [n = 1666]

CVD* [n = 1670]

Osteoporosis™ [n = 1661]

Pituitary disease* [n = 1669]

n [%]

1524 [90.88]
129 [7.69]
16 [0.95]

8 [0.48]

245 [14.61]

50 [2.98]
128 [7.63]
15 [0.89]

34 [2.03]

18 [1.07]
1070 [64.30]
725 [43.65]

287 [44.77]
281 [43.84]
127 [19.81]
254 [39.63]
497 [29.83]
324 [19.40]
200 [12.04]
7 [0.42]

*Percentages based on the number of patients for whom data were available; the total number of patients with

available data is shown in brackets for each comorbidity.

t Note that some patients had more than one type of dyslipidemia, and hence, the total number of dyslipidemia

incidence is higher than the number of patients with dyslipidemia.

CHD: coronary heart disease; CVD: cerebrovascular disease; HDL: high- density lipoprotein; LDL: low- density

lipoprotein; SC: subclinical; T2D: type 2 diabetes; TC: total cholesterol; TG: triglyceride.

https://doi.org/10.1371/journal.pone.0216151.t002

sectional study conducted in India. reported a high TD prevalence of 25.31% in patients with
T2D [13], which is similar to our findings, whereas other studies have reported lower preva-
lence estimates for TD in patients with T2D [12.5%-16%] [12,13,31]. The high prevalence of
TD in elderly, T2D patients observed in our study indicates that we need focused TD screening

for the comorbidities in this target population.

In the present study, the most common TD subtypes reported were clinical hypothyroidism

[9.3%] and subclinical hypothyroidism [4.89%]; subclinical hypothyroidism was the most

common subtype [31.2% [n = 48]] among 154 patients with newly diagnosed TD. Our results
are supported by three other studies that reported subclinical hypothyroidism as the most
common subtype of TD in patients with T2D: in a Spanish screening study, 64.5% patients
with newly diagnosed TD had subclinical hypothyroidism [32]; in a cross-sectional study of
patients with type 1 or 2 diabetes conducted in Brazil, 12% of patients with T2D had subclini-
cal hypothyroidism [9]; annual screening of outpatients in Scotland revealed that 4.8% patients

with T2D had subclinical hypothyroidism [33].

Consistent with the other studies [9,12,13], we observed that proportion of patients with
previously diagnosed TD was higher [14.61%] than of those who were newly diagnosed with
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Fig 2. Prevalence of diabetic complications in elderly Chinese patients with type 2 diabetes.
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TD [9.18%]. Majority of the population with TD had previously diagnosed TD with a diagno-
sis rate [61.4%], which might be due to evident symptoms necessitating more frequent medical
reviews with a physician. The lower diagnosis rate for subclinical hypothyroidism [41.5%] may
be due to its asymptomatic nature and with nonspecific complaints making physicians unable
to recognize subclinical hypothyroidism that consequently delayed TD screening. The

Table 3. Patient profiles, including comorbidities and family history, for elderly T2D patients suffering with and without previously diagnosed TD.

Comorbidity With Without p-Value
previously diagnosed TD previously diagnosed TD
Hypertension 160/245 [65.31] 910/1419 [64.13] 9368
Dyslipidemia 135/243 [55.56] 590/1418 [41.61] .0002
Type of dyslipidemia
TC abnormal 64/127 [50.39] 223/514 [43.39] 1549
LDL abnormal 67/127 [52.76] 214/514 [41.63] .0237
HDL abnormal 23/127 [18.11] 104/514 [20.23] 5909
TG abnormal 52/127 [40.94] 202/514 [39.30] 7343
CHD 88/244 [36.07] 409/1422 [28.76] .0598
CVD 47/245 [19.18] 27711425 [19.44] 9619
Osteoporosis 57/243 [23.46] 143/1418 [10.08] <.0001
Pituitary disease 3/245 [1.22] 3/1424 [0.21] .0444
Family history of disease
Diabetes 87/245 [35.51] 384/1428 [26.89] 10066
Thyroid disease 17/244 [6.97] 23/1426 [1.61] < .0001
Cardiovascular disease 50/242 [20.66] 180/1391 [12.94] .0016

Data are presented as n/N [%] where the N represents the number of patients for whom data were available for each comorbidity or family disease history.
CHD: coronary heart disease; CVD: cerebrovascular disease; HDL: high density lipoprotein; LDL: low density lipoprotein; TC: total cholesterol; TG: triglyceride.

https://doi.org/10.1371/journal.pone.0216151.t003
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incidence of dyslipidemia, elevated LDL levels, and osteoporosis were significantly higher in
patients with TD than those without TD in our study population. Since complications were
more common in T2D patients with TD than those without TD, screening for early diagnosis
of TD is important in patients with T2D. The observed correlation between TD and concomi-
tant disease needs further prospective intervention studies (intervention of thyroid
dysfunction).

Although guidelines for screening vary among countries with different age cutoffs in differ-
ent populations, they recommend active and regular screening for TD[34-37]. For example,
the American Academy of Family Physicians recommends screening of asymptomatic adults
aged >60 years for TD [37].

In our study, the most common complications and comorbidities in T2D were diabetic
neuropathy [43.46%], cataracts [24.73%], and diabetic retinopathy [22.68%]. We used specific
diagnostic criteria for each diabetic complication. The high prevalence of diabetic complica-
tions (99.7%) in the current study could be attributed to the advanced age of the study partici-
pants. The average age of the recruited patients was 71 years old, with 72% of them > 65 years
old; more than 90% of the patients had diabetes for more than 12 years with 64.3% having
hypertension and 43.6% having dyslipidemia. Hence, the prevalence of diabetic complications
(microvascular and macrovascular complications) was so high. In past, the prevalence of dia-
betic complications has been assessed in several studies in patients with comorbid TD [20,38-
40]. According to some studies, subclinical hypothyroidism is an independent risk factor for
severe diabetic retinopathy in patients with T2D [20,21]. However, other studies report con-
troversial risks of diabetic retinopathy in patients with TD and T2D [20,38].

Patients’ profiles, including comorbidities and family history, are also an important factor
that clinicians consider while planning treatment of patients with T2D. In fact, the family his-
tory of TD is a risk factor for TD in patients with T2D; in a cross-sectional study carried out
on 117 patients with both T2D and TD [mean age: 59.3 years; mean duration of T2D: 17.3
years] in Saudi Arabia, 84.2% and 14.7% patients had a family history of diabetes and TD,
respectively [41]. Similarly, in our study, 35.51% of patients with both T2D and TD had a fam-
ily history of diabetes and 6.97% had a family history of TD.

Several mechanisms underlie the relationship of TD and microvascular complications in
T2D [10,42] with insulin resistance being observed in diabetes patients with both clinical and
subclinical hyperthyroidism [43]. Potential pathological states that lead to microvascular com-
plications in patients with T2D having comorbid TD include oxidative stress, dyslipidemia,
and endothelial dysfunction [44,45].

A 2011 survey that examined the prevalence of TD among 15,008 subjects in 10 major cities
of China. revealed that prevalence of C-hypothyroidism, SC- hypothyroidism, C-hyperthy-
roidism, and SC hyperthyroidism of 1.11%, 16.7%, 0.89%, and 0.72%, respectively [46]. The
differences in reported prevalence between that study and the present study could be due to
the differences in baseline characteristics of the study population as the mean age of population
reported in that study was 45.5 years. Importantly, the authors confirmed a significant increase
in the prevalence of all four TD subtypes from 1999 to 2011 [46].

One of the limitations of this study is its cross-sectional design. The sample was derived
from an outpatient setting and may not be representative of the true population. Also, there is
a possibility of selection bias because the patients were already under medical care. Although
24 endocrinology centers were in iodine sufficient areas, we did not determine urinary iodine
concentrations. Further, due to limited resources, only one dosage lab examination could be
done for TD which could be a potential limitation. In addition, our study did not evaluate the
impact of diabetes-related risk factors on TD, though, a previous study revealed no significant
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relationships between and diabetes-related clinical parameters such as duration of diabetes,
HbAc levels and diabetic complications with TD [22].

Given the high prevalence rates of TD in patients with T2D, we recommend a systematic
approach to thyroid testing in patients with T2D, as this may prove beneficial in the managing
endocrine conditions in these patients. Future studies might be undertaken to determine the
cost-effectiveness of thyroid function screening in patients with diabetes. In future, a stepwise
objective protocol should be designed for the management of subclinical TD in patients with
T2D. This may be helpful to prevent possible complications with comorbid conditions. Appro-
priately designed studies should also be conducted to study the association of TD with other
factors in patients with T2D, for example, the duration and complications of diabetes. In addi-
tion, larger-scale epidemiological studies are needed to further investigate the prevalence of
TD in Chinese patients with T2D.

Conclusions

TD is prevalent in Chinese patients with T2D, with clinical- hypothyroidism being the most
common TD subtype, which was more prevalent in women than in men. In addition, dyslipi-
demia, osteoporosis, and CHD are common complications in elderly Chinese patients with
both T2D and TD. We recommend routine thyroid function testing of elderly patients with
T2D in outpatient settings, especially of elderly females, and other old patients with risk fac-
tors, including those with a family history of diabetes, TD, and cardiovascular disease.

Supporting information

S1 File. STROBE_checklist_v4 combined_PlosMedicine.docx.
(DOCX)

Acknowledgments

We thank Dr Tarveen Jandoo, MD, MBA, Marion Barnett, and Daniel McGowan, PhD, for
language editing.

Author Contributions

Conceptualization: Yu Zhu, Guangwei Li, Linong Ji.
Data curation: Yu Zhu.

Formal analysis: Yu Zhu, Guangwei Li, Linong Ji.
Funding acquisition: Linong Ji.

Investigation: Yu Zhu, Fengmei Xu, Jie Shen, Youshuo Liu, Changhua Bi, Jing Liu, Yufeng Li,
Xueqin Wang, Zhengnan Gao, Linlang Liang, Yanyan Chen, Weiping Sun, Qingbo Guan,
Junging Zhang, Zuojie Luo, Lixin Guo, Xiaopin Cai, Ling Li, Lingling Xiu, Li Yan, Chunlin
Li, Xiaoyun Shi, Mei Zhu, Jian Kuang.

Methodology: Yu Zhu, Guangwei Li, Linong Ji.

Resources: Yu Zhu, Fengmei Xu, Jie Shen, Youshuo Liu, Changhua Bi, Jing Liu, Yufeng Li,
Xueqin Wang, Zhengnan Gao, Linlang Liang, Yanyan Chen, Weiping Sun, Qingbo Guan,
Junqing Zhang, Zuojie Luo, Lixin Guo, Xiaopin Cai, Ling Li, Lingling Xiu, Li Yan, Chunlin
Li, Xiaoyun Shi, Mei Zhu, Jian Kuang.

Supervision: Yu Zhu, Guangwei Li, Linong Ji.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216151 May 2, 2019 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216151.s001
https://doi.org/10.1371/journal.pone.0216151

@ PLOS|ONE

Prevalence of thyroid dysfunction in elderly patients with type 2 diabetes

Writing - original draft: Yu Zhu, Fengmei Xu, Jie Shen, Youshuo Liu, Changhua Bi, Jing Liu,

Yufeng Li, Xueqin Wang, Zhengnan Gao, Linlang Liang, Yanyan Chen, Weiping Sun,
Qingbo Guan, Junging Zhang, Zuojie Luo, Lixin Guo, Xiaopin Cai, Ling Li, Lingling Xiu,
Li Yan, Chunlin Li, Xiaoyun Shi, Mei Zhu, Jian Kuang, Guangwei Li, Linong Ji.

Writing - review & editing: Yu Zhu, Guangwei Li, Linong Ji.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

World Population Ageing 2013 ST/ESA/SER.A/348 [Internet]. United Nations, Department of Economic
and Social Affairs, Population Division; 2013 [cited 2018 Sep 19]. Available from: www.un.org/en/
development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2013

Peng X, Lu M. The Changes of the Aging Population’s Death Probability over Time and Rethinking of
the Definition of Age. Popul Econ. 2017; 2:1-10.

Zhao C, Wong L, Zhu Q, Yang H. Prevalence and correlates of chronic diseases in an elderly popula-
tion: A community-based survey in Haikou. Forloni G, editor. PLOS ONE [Internet]. 2018 Jun 14 [cited
2018 Sep 20]; 13[6]:e0199006. Available from: http://dx.plos.org/10.1371/journal.pone.0199006

Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, et al. Prevalence and Ethnic Pattern of Diabetes
and Prediabetes in China in 2013. JAMA [Internet]. 2017 Jun 27 [cited 2018 Sep 19]; 317[24]:2515.
Available from: http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.7596

Hage M, Zantout MS, Azar ST. Thyroid Disorders and Diabetes Mellitus. J Thyroid Res [Internet]. 2011
[cited 2018 Sep 19];2011:1-7. Available from: http://www.hindawi.com/journals/jtr/2011/439463/

TengW, Shan Z, Teng X, Guan H, Li Y, Teng D, et al. Effect of lodine Intake on Thyroid Diseases in
China. N Engl J Med [Internet]. 2006 Jun 29 [cited 2018 Sep 20];354[26]:2783-93. Available from:
http://www.nejm.org/doi/abs/10.1056/NEJMoa054022

Weng W, Dong M, Zhang J, Yang J, Zhang B, Zhao X. A PRISMA-compliant systematic review and
meta-analysis of the relationship between thyroid disease and different levels of iodine intake in main-
land China: Medicine [Baltimore] [Internet]. 2017 Jun [cited 2018 Sep 20]; 96[25]:e7279. Available from:
https://doi.org/10.1097/MD.0000000000007279 PMID: 28640139

Aggarwal N, Razvi S. Thyroid and Aging or the Aging Thyroid? An Evidence-Based Analysis of the Liter-
ature. J Thyroid Res [Internet]. 2013 [cited 2018 Sep 19];2013:1-8. Available from: http://www.hindawi.
com/journals/jtr/2013/481287/

Palma CCSSV, Pavesi M, Nogueira V, Clemente EL, Vasconcellos M de FBMP, Pereira L, et al. Preva-
lence of thyroid dysfunction in patients with diabetes mellitus. Diabetol Metab Syndr [Internet]. 2013
[cited 2018 Sep 19]; 5[1]:58. Available from: https://doi.org/10.1186/1758-5996-5-58 PMID: 24499529

Wang C. The Relationship between Type 2 Diabetes Mellitus and Related Thyroid Diseases. J Diabetes
Res [Internet]. 2013 [cited 2018 Sep 19]; 2013:1-9. Available from: http://www.hindawi.com/journals/
jdr/2013/390534/

Chaker L, Ligthart S, Korevaar TIM, Hofman A, Franco OH, Peeters RP, et al. Thyroid function and risk
of type 2 diabetes: a population-based prospective cohort study. BMC Med. 2016 Sep 30; 14[1]:150.
https://doi.org/10.1186/s12916-016-0693-4 PMID: 27686165

Diez JJ, Iglesias P. An analysis of the relative risk for hypothyroidism in patients with Type 2 diabetes:
Hypothyroidism in Type 2 diabetes. Diabet Med [Internet]. 2012 Dec [cited 2018 Sep 19]; 29[12]:1510—
4. Available from: https://doi.org/10.1111/j.1464-5491.2012.03687.x PMID: 22507223

Tirkey A, Ahirwar D, Tandia K. Original Article: Study of Thyroid Dysfunction in Diabetic Patients. Int J
Sci Res ISR [Internet]. 2015 Nov 5 [cited 2018 Sep 19]; 4[11]:938—40. Available from: https://www.ijsr.
net/archive/v4i11/NOV151297.pdf

Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA, etal. Serum TSH, T
4, and Thyroid Antibodies in the United States Population [1988 to 1994]: National Health and Nutrition
Examination Survey [NHANES ll]. J Clin Endocrinol Metab [Internet]. 2002 Feb [cited 2018 Sep 19]; 87
[2]:489-99. Available from: https://doi.org/10.1210/jcem.87.2.8182 PMID: 11836274

Tunbridge WM, Evered DC, Hall R, Appleton D, Brewis M, Clark F, et al. The spectrum of thyroid dis-
ease in a community: the Whickham survey. Clin Endocrinol [Oxf]. 1977 Dec; 7[6]:481-93.

Maxon HR, Kreines KW, Goldsmith RE, Knowles HC. Long-term observations of glucose tolerance in
thyrotoxic patients. Arch Intern Med. 1975 Nov; 135[11]:1477—-80. PMID: 1190932

O’Meara NM, Blackman JD, Sturis J, Polonsky KS. Alterations in the kinetics of C-peptide and insulin
secretion in hyperthyroidism. J Clin Endocrinol Metab [Internet]. 1993 Jan [cited 2018 Sep 19]; 76
[1]:79-84. Available from: https://doi.org/10.1210/jcem.76.1.8421108 PMID: 8421108

PLOS ONE | https://doi.org/10.1371/journal.pone.0216151 May 2, 2019 12/14


http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2013
http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2013
http://dx.plos.org/10.1371/journal.pone.0199006
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.7596
http://www.hindawi.com/journals/jtr/2011/439463/
http://www.nejm.org/doi/abs/10.1056/NEJMoa054022
https://doi.org/10.1097/MD.0000000000007279
http://www.ncbi.nlm.nih.gov/pubmed/28640139
http://www.hindawi.com/journals/jtr/2013/481287/
http://www.hindawi.com/journals/jtr/2013/481287/
https://doi.org/10.1186/1758-5996-5-58
http://www.ncbi.nlm.nih.gov/pubmed/24499529
http://www.hindawi.com/journals/jdr/2013/390534/
http://www.hindawi.com/journals/jdr/2013/390534/
https://doi.org/10.1186/s12916-016-0693-4
http://www.ncbi.nlm.nih.gov/pubmed/27686165
https://doi.org/10.1111/j.1464-5491.2012.03687.x
http://www.ncbi.nlm.nih.gov/pubmed/22507223
https://www.ijsr.net/archive/v4i11/NOV151297.pdf
https://www.ijsr.net/archive/v4i11/NOV151297.pdf
https://doi.org/10.1210/jcem.87.2.8182
http://www.ncbi.nlm.nih.gov/pubmed/11836274
http://www.ncbi.nlm.nih.gov/pubmed/1190932
https://doi.org/10.1210/jcem.76.1.8421108
http://www.ncbi.nlm.nih.gov/pubmed/8421108
https://doi.org/10.1371/journal.pone.0216151

@ PLOS|ONE

Prevalence of thyroid dysfunction in elderly patients with type 2 diabetes

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dimitriadis G, Baker B, Marsh H, Mandarino L, Rizza R, Bergman R, et al. Effect of thyroid hormone
excess on action, secretion, and metabolism of insulin in humans. Am J Physiol-Endocrinol Metab
[Internet]. 1985 May [cited 2018 Sep 19]; 248[5]:E593—-601. Available from: http://www.physiology.org/
doi/10.1152/ajpendo.1985.248.5.E593

Johnson JL. Diabetes Control in Thyroid Disease. Diabetes Spectr [Internet]. 2006 Jul 1 [cited 2018
Sep 21]; 19[3]:148-53. Available from: http://spectrum.diabetesjournals.org/cgi/doi/10.2337/diaspect.
19.3.148

Kim B-Y, Kim C-H, Jung C-H, Mok J-O, Suh K-I, Kang S-K. Association between subclinical hypothy-
roidism and severe diabetic retinopathy in Korean patients with type 2 diabetes. Endocr J. 2011; 58
[12]:1065-70. PMID: 21931224

Yang JK, Liu W, Shi J, Li YB. An Association Between Subclinical Hypothyroidism and Sight-Threaten-
ing Diabetic Retinopathy in Type 2 Diabetic Patients. Diabetes Care [Internet]. 2010 May 1 [cited 2018
Sep 19]; 33[5]:1018-20. Available from: https://doi.org/10.2337/dc09-1784 PMID: 20150298

World Health Organization. [1999]. Definition, diagnosis and classification of diabetes mellitus and its
complications: report of a WHO consultation. Part 1, Diagnosis and classification of diabetes mellitus.
[Internet]. 1999 [cited 2018 Sep 19]. Available from: http://www.who.int/iris/handle/10665/66040

Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia AL, et al. 2016 American Thyroid
Association Guidelines for Diagnosis and Management of Hyperthyroidism and Other Causes of Thyro-
toxicosis. Thyroid [Internet]. 2016 Oct [cited 2018 Sep 19]; 26[10]:1343—421. Available from: https://doi.
org/10.1089/thy.2016.0229 PMID: 27521067

Chinese Medical Association Endocrinological Society. Diagnosis and treatment guidelines for adult
hypothyroidism. Chin J of Endocrinol and Metab. 2017; 33[2]:167-80.

Tereshchenko IV, Suslina AA. [Thyroid dysfunction in patients with type 2 diabetes mellitus]. Ter Arkh.
2014; 86[8]:119-23. PMID: 25306758

Kadiyala R, Peter R, Okosieme OE. Thyroid dysfunction in patients with diabetes: clinical implications
and screening strategies. Int J Clin Pract. 2010 Jul; 64[8]:1130-9. https://doi.org/10.1111/j.1742-1241.
2010.02376.x PMID: 20642711

Vikhe VB, Kanitkar SA, Tamakuwala KK, Gaikwad AN, Kalyan M, Agarwal RR. THYROID DYSFUNC-
TION IN PATIENTS WITH TYPE 2 DIABETES MELLITUS AT TERTIARY CARE CENTRE. 3[4]:4.

Runnels BL, Garry PJ, Hunt WC, Standefer JC. Thyroid Function in a Healthy Elderly Population: Impli-
cations for Clinical Evaluation. J Gerontol [Internet]. 1991 Jan 1 [cited 2018 Sep 20]; 46[1]:B39—44.
Available from: https://academic.oup.com/geronj/article-lookup/doi/10.1093/geronj/46.1.B39 PMID:
1986034

Kussmaul T, Greiser KH, Haerting J, Werdan K, Thiery J, Kratzsch J. Thyroid analytes TSH, FT3 and
FT4 in serum of healthy elderly subjects as measured by the Roche modular system: do we need age
and gender dependent reference levels? Clin Lab. 2014; 60[9]:1551-9. PMID: 25291952

Akbar DH, Ahmed MM, Al-Mughales J. Thyroid dysfunction and thyroid autoimmunity in Saudi type 2
diabetics. Acta Diabetol. 2006 May; 43[1]:14—-8. https://doi.org/10.1007/s00592-006-0204-8 PMID:
16710644

Radaideh A-RM, Nusier MK, Amari FL, Bateiha AE, El-Khateeb MS, Naser AS, et al. Thyroid dysfunc-
tion in patients with type 2 diabetes mellitus in Jordan. Saudi Med J. 2004 Aug; 25[8]:1046-50. PMID:
15322596

Diez JJ, Sanchez P, Iglesias P. Prevalence of thyroid dysfunction in patients with type 2 diabetes. Exp
Clin Endocrinol Diabetes Off J Ger Soc Endocrinol Ger Diabetes Assoc. 2011 Apr; 119[4]:201-7.

Perros P, McCrimmon RJ, Shaw G, Frier BM. Frequency of thyroid dysfunction in diabetic patients:
value of annual screening. Diabet Med J Br Diabet Assoc. 1995 Jul; 12[7]:622-7.

Glenn GC. Practice parameter on laboratory panel testing for screening and case finding in asymptom-
atic adults. Laboratory Testing Strategy Task Force of the College of American Pathologists. Arch
Pathol Lab Med. 1996 Oct; 120[10]:929—43. PMID: 12049072

Vaidya B, Anthony S, Bilous M, Shields B, Drury J, Hutchison S, et al. Detection of thyroid dysfunction
in early pregnancy: Universal screening or targeted high-risk case finding? J Clin Endocrinol Metab.
2007 Jan; 92[1]:203—7. https://doi.org/10.1210/jc.2006-1748 PMID: 17032713

Hennessey JV, Garber JR, Woeber KA, Cobin R, Klein I, AACE Thyroid Scientific Committee, et al.
American association of clinical endocrinologists and American college of endocrinology position state-
ment on thyroid dysfunction case finding. Endocr Pract Off J Am Coll Endocrinol Am Assoc Clin Endo-
crinol. 2016 Feb; 22[2]:262-70.

Ressel G. Introduction to AAFP Summary of Recommendations for Periodic Health Examinations.
American Academy of Family Physicians. Am Fam Physician. 2002 Apr 1; 65[7]:1467.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216151 May 2, 2019 13/14


http://www.physiology.org/doi/10.1152/ajpendo.1985.248.5.E593
http://www.physiology.org/doi/10.1152/ajpendo.1985.248.5.E593
http://spectrum.diabetesjournals.org/cgi/doi/10.2337/diaspect.19.3.148
http://spectrum.diabetesjournals.org/cgi/doi/10.2337/diaspect.19.3.148
http://www.ncbi.nlm.nih.gov/pubmed/21931224
https://doi.org/10.2337/dc09-1784
http://www.ncbi.nlm.nih.gov/pubmed/20150298
http://www.who.int/iris/handle/10665/66040
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1089/thy.2016.0229
http://www.ncbi.nlm.nih.gov/pubmed/27521067
http://www.ncbi.nlm.nih.gov/pubmed/25306758
https://doi.org/10.1111/j.1742-1241.2010.02376.x
https://doi.org/10.1111/j.1742-1241.2010.02376.x
http://www.ncbi.nlm.nih.gov/pubmed/20642711
https://academic.oup.com/geronj/article-lookup/doi/10.1093/geronj/46.1.B39
http://www.ncbi.nlm.nih.gov/pubmed/1986034
http://www.ncbi.nlm.nih.gov/pubmed/25291952
https://doi.org/10.1007/s00592-006-0204-8
http://www.ncbi.nlm.nih.gov/pubmed/16710644
http://www.ncbi.nlm.nih.gov/pubmed/15322596
http://www.ncbi.nlm.nih.gov/pubmed/12049072
https://doi.org/10.1210/jc.2006-1748
http://www.ncbi.nlm.nih.gov/pubmed/17032713
https://doi.org/10.1371/journal.pone.0216151

@ PLOS|ONE

Prevalence of thyroid dysfunction in elderly patients with type 2 diabetes

38.

39.

40.

41.

42,

43.

44,

45.

46.

Qi Q, Zhang Q-M, Li C-J, Dong R-N, Li J-J, Shi J-Y, et al. Association of Thyroid-Stimulating Hormone
Levels with Microvascular Complications in Type 2 Diabetes Patients. Med Sci Monit Int Med J Exp Clin
Res. 2017 Jun 4; 23:2715-20.

Chen H-S, Wu T-EJ, Jap T-S, Lu R-A, Wang M-L, Chen R-L, et al. Subclinical hypothyroidism is a risk
factor for nephropathy and cardiovascular diseases in Type 2 diabetic patients. Diabet Med [Internet].
2007 Dec 1 [cited 2018 Sep 20]; 24[12]:1336—44. Available from: https://doi.org/10.1111/j.1464-5491.
2007.02270.x PMID: 17941864

Vadivelan M, Sahoo J, Bobby Z, V Vinod K, T Harichandra Kumar K. Thyroid dysfunction in patients
with type 2 diabetes mellitus and its association with diabetic complications. Vol. 64.2016. 91 p.

Al-Geffari M, Ahmad NA, Al-Shargawi AH, Youssef AM, AlNageb D, Al-Rubeaan K. Risk Factors for
Thyroid Dysfunction among Type 2 Diabetic Patients in a Highly Diabetes Mellitus Prevalent Society. Int
J Endocrinol [Internet]. 2013 [cited 2018 Sep 20]; 2013:1-6. Available from: http://www.hindawi.com/
journals/ije/2013/417920/

Brenta G, Danzi S, Klein |. Potential therapeutic applications of thyroid hormone analogs. Nat Clin Pract
Endocrinol Metab. 2007 Sep; 3[9]:632—40. https://doi.org/10.1038/ncpendmet0590 PMID: 17710084

Kapadia KB, Bhatt PA, Shah JS. Association between altered thyroid state and insulin resistance. J
Pharmacol Pharmacother. 2012 Apr; 3[2]:156—-60. https://doi.org/10.4103/0976-500X.95517 PMID:
22629091

Cebeci E, Alibaz-Oner F, Usta M, Yurdakul S, Erguney M. Evaluation of oxidative stress, the activities
of paraoxonase and arylesterase in patients with subclinical hypothyroidism. J Investig Med Off Publ
Am Fed Clin Res. 2012 Jan; 60[1]:23-8.

LU M, YANG C-B, GAO L, ZHAO J-J. Mechanism of subclinical hypothyroidism accelerating endothelial
dysfunction [Review]. Exp Ther Med [Internet]. 2015 Jan [cited 2018 Sep 20]; 9[1]:3—10. Available from:
https://www.ncbi.nIm.nih.gov/pmc/articles/PMC4247316/ https://doi.org/10.3892/etm.2014.2037
PMID: 25452768

Shan Z, Chen L, Lian X, Liu C, Shi B, ShiL, et al. lodine Status and Prevalence of Thyroid Disorders
After Introduction of Mandatory Universal Salt lodization for 16 Years in China: A Cross-Sectional Study
in 10 Cities. Thyroid Off J Am Thyroid Assoc. 2016; 26[8]:1125-30.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216151 May 2, 2019 14/14


https://doi.org/10.1111/j.1464-5491.2007.02270.x
https://doi.org/10.1111/j.1464-5491.2007.02270.x
http://www.ncbi.nlm.nih.gov/pubmed/17941864
http://www.hindawi.com/journals/ije/2013/417920/
http://www.hindawi.com/journals/ije/2013/417920/
https://doi.org/10.1038/ncpendmet0590
http://www.ncbi.nlm.nih.gov/pubmed/17710084
https://doi.org/10.4103/0976-500X.95517
http://www.ncbi.nlm.nih.gov/pubmed/22629091
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4247316/
https://doi.org/10.3892/etm.2014.2037
http://www.ncbi.nlm.nih.gov/pubmed/25452768
https://doi.org/10.1371/journal.pone.0216151

