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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
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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

Prevalence of thyroid dysfunction in elderly patients with type 2 diabetes
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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

available] data on hemoglobin A1c [HbA1c], 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]:

� decreased TSH with elevated FT4 and /or elevated FT3

� 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]

• Subclinical hyperthyroidism: normal FT4, normal FT3, and decreased TSH

• 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 ¼ Z2p½1� p�=d2

[where n = sample size, Z = Z statistic for level of confidence, p = expected prevalence or pro-

portion, and d = precision].

Prevalence of thyroid dysfunction in elderly patients with type 2 diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0216151 May 2, 2019 4 / 14

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


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.

Prevalence of thyroid dysfunction in elderly patients with type 2 diabetes
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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 [HbA1c

<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].

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

[N = 1677]

Without TD

[n = 1432]

With previously diagnosed TD [according to medical history]

[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 5 [0.30] 4 [0.28] 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
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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-

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
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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

Table 2. Baseline medical history and course of disease in elderly, T2D patients [N = 1677].

History n [%]

Course of T2D

T2D�1 year 1524 [90.88]

T2D <1 year 129 [7.69]

Uncertain 16 [0.95]

Missing 8 [0.48]

TD [last 12 months] 245 [14.61]

Type of previously diagnosed TD

Hyperthyroidism 50 [2.98]

Hypothyroidism 128 [7.63]

SC hyperthyroidism 15 [0.89]

SC hypothyroidism 34 [2.03]

Uncertain 18 [1.07]

Hypertension� [n = 1664] 1070 [64.30]

Dyslipidemia� [n = 1661] 725 [43.65]

Type of dyslipidemia� ,† [n = 641]

TC abnormal 287 [44.77]

LDL abnormal 281 [43.84]

HDL abnormal 127 [19.81]

TG abnormal 254 [39.63]

CHD� [n = 1666] 497 [29.83]

CVD� [n = 1670] 324 [19.40]

Osteoporosis� [n = 1661] 200 [12.04]

Pituitary disease� [n = 1669] 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.

† 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
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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

Fig 2. Prevalence of diabetic complications in elderly Chinese patients with type 2 diabetes.

https://doi.org/10.1371/journal.pone.0216151.g002

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

Comorbidity With

previously diagnosed TD

Without

previously diagnosed TD

p-Value

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] 277/1425 [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] .0066

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,

HbA1c 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.
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