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Background: The correlation between thyroid autoimmune (TAI) disease and
hypothyroidism in the elderly of different ages remains unclear. This study aimed
to investigate the epidemiological characteristics of hypothyroidism, including
subclinical hypothyroidism (Shypo) and overt hypothyroidism (Ohypo) in those
aged >65 years from iodine-adequate areas and reveal the correlation between
TAI and hypothyroidism in the elderly of different ages.

Methods: It was a cross-sectional study involving 2,443 subjects aged >65 years
from two iodine-adequate areas in China by cluster sampling. They were
assigned to the 65-69-, 70-79-, and >80-year-old age group. All subjects
were surveyed by questionnaires and received physical examinations, laboratory
testing, and thyroid ultrasound. Epidemiological characteristics of thyroid
diseases in the elderly were compared among the three groups. Risk factors
for hypothyroidism were predicted by binary logistic regression analysis.

Results: The median urinary iodine level was 238.70 (197.00, 273.70) ug/L. Thyroid
peroxidase antibody or thyroglobulin antibody positivity (11.87%) and Shypo (9.13%) were
common in the elderly. The prevalence of hypothyroidism in the elderly increases with
age. TAl was a risk factor for Shypo (OR, 1.94; 95% Cl, 1.35, 2.80; p < 0.01) and Ohypo (OR,
7.64;95% Cl, 340, 17.19; p < 0.01) in elderly Chinese. There was an age-specific correlation
between TAl and hypothyroidism in the elderly. However, a significant correlation was not
identified between TAI and hypothyroidism in >80-year-old age group (p > 0.05).

Conclusion: Hypothyroidism, particularly Shypo, is common in the elderly from
iodine-adequate areas in China. TAl serves as a risk factor for hypothyroidism in
the elderly, with an age-specific correlation with hypothyroidism.
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Introduction

The aging of the global population has accelerated over the past
several decades (1). Overall, the incidence of thyroid diseases in the
elderly is higher than that in adults (2-6). Our study has also found
that hypothyroidism is common in the Chinese elderly, with a
prevalence of 10.28% (7).

As the most sensitive index of thyroid function, serum thyroid
stimulating hormone (TSH) levels can be influenced by multiple
factors like iodine nutrition, age, and autoimmunity (8, 9). In
iodine-adequate areas, TSH physiologically increases with age,
and the upper limit of TSH for the elderly >65 years old is 8.86
mIU/L (10). A recent study from China showed that the TSH level
in adults from iodine-excessive areas is significantly higher than
that in iodine-abundant areas (2.35 [1.63, 3.44 mIU/L] vs. 2.61
[1.78, 4.02 mIU/L]) (11). In addition, our previous study has also
confirmed that advanced age and high urine iodine concentration
(UIC) are risk factors for hypothyroidism (12).

Thyroid autoimmunity (TAI) is another risk factor for
hypothyroidism in iodine-sufficient areas (13). TAI is mainly
manifested by elevated levels of thyroid peroxidase antibody
(TPOAD) and thyroglobulin antibody (TgAb) (13, 14). TAI has a
high incidence that increases with age (15, 16). The National Health
and Nutrition Examination Survey (NHANES) has reported that
the incidence of TSH >4.5 in the elderly aged 70+ years of the
TPOAb-positive group is much higher than that in the TPOAb-
negative group (50% vs. 10%) (17). However, the association
between TAI and thyroid function in the elderly is still
controversial, especially in very old people. In the present study,
we aimed to analyze epidemiological characteristics of thyroid
hypothyroidism, including subclinical hypothyroidism (Shypo)
and overt hypothyroidism (Ohypo), in those aged 265 years from
iodine-adequate areas and reveal the correlation between TAI and
hypothyroidism in the elderly of different ages.

10.3389/fendo.2023.1216308

Materials and methods
Subjects

Thyroid diseases in Older Population: The Screening,
Surveillance, and Intervention (TOPS) study was a cross-
sectional, population-based study (7). It was approved by the
ethics committee of the Jiangsu Provincial Hospital of Integrated
Traditional Chinese and Western Medicine (2021-LWKYZ-054).
All methods were performed in accordance with the relevant
guidelines and regulations. Written informed consent was
obtained from all subjects. From May 2021 to August 2021, a
total of 2,732 subjects aged = 65 years in Shunhe Town, Suyu
District, Sugian City, Jiangsu Province, and Yaoji Town, Suining
County, Xuzhou City, Jiangsu Province, were randomly sampled by
the cluster sampling method. Excluded were those with (1) a history
of thyroid diseases or previous or current use of drugs that may
affect thyroid function; (2) other serious systemic diseases; or (3)
incomplete clinical data. Finally, 2,443 eligible people aged > 65
years were included (Figure 1), involving 1,241 men (50.80%) and
1,202 women (49.20%).

Methods

All subjects were surveyed by questionnaires and received
physical examinations, laboratory testing, and thyroid ultrasound.

Questionnaire survey

All subjects were asked to fill out questionnaires, including
demographic information (e.g., name, sex, date of birth, telephone,
address, etc.), socioeconomic status, medical history (e.g., endocrine
system diseases), smoking, drug history, and family history of
thyroid diseases and other endocrine system diseases.

Residents aged >65years in Shunhe
Town, Suqian

Residents aged >65years in Yaoji
Town, Xuzhou

|

Cluster sampling

l

1

1337 participants in
Shunhe Town

1395 participants in
Yaoji Town

‘ Excluded(n=289)

|

A total of 2732 participants were
invited in the survey

-physical examinations missing(n= 80)
-laboratory examinations missing(n=92 )
-thyroid ultrasound tests (n=27 )

|

A total of 2443 participants were
included in the final analysis

FIGURE 1
Flow chart of the cross-sectional study.
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-history of thyroid diseases, or previous or
current use of drugs that may affect thyroid
function (n=75)

-other serious systemic diseases (n=15)
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Physical examinations

The height (Ht) and body weight (Wt) of each subject were
recorded to calculate the body mass index (BMI) with the formula:
BMI = Wt/Ht> (kg/m?). Digital data were recorded with two
decimal places.

Laboratory testing

After fasting for at least 8 h, venous blood samples (5-10 mL) and
urine samples (10-15 mL) collected at 8:00-9:00 a.m. were sent to the
Clinical Laboratory, the Affiliated Hospital of Integrated Traditional
Chinese and Western Medicine, Nanjing University of Chinese
Medicine. Briefly, serum TSH (normal range, 0.27-4.20 pIU/mL), free
thyroxine (FT; 12.0-22.0 pmol/L), TgAb (<115.00 TU/mL), TPOAb
(<34.00 IU/mL), fasting blood glucose (FBG), and fasting insulin (FINS)
were measured by electrochemiluminescence method using a Roche
Cobas C702 chemistry analyzer. Serum total cholesterol (TC, <5.20
mmol/L), triglycerides (TG, 0.57-2.26 mmol/L), low-density lipoprotein
cholesterol (LDL-c, <3.37 mmol/L), high-density lipoprotein cholesterol
(HDL-c, 1.04-3.10 mmol/L), and urinary iodine concentration (UIC,
100-300 pg/L) were measured by colorimetric method using a Roche
Cobas C702 chemistry analyzer. Serum 25-hydroxy vitamin D (25[OH]
D) was measured by electrochemiluminescence method using a Roche
Cobas C602 chemistry analyzer, which was categorized as follows: 25
(OH)D deficiency, <12 ng/mL; 25(OH)D insufficiency, 12-20 ng/mL;
optimal 25(OH)D level, 20-30 ng/mL; and 25(OH)D sufficiency, 230 ng/
mL. Glycated hemoglobin (HbAlc, 0%-6.5%) was measured by high-
performance liquid chromatography (HPLC) using a Bio-Rad D-10
hemoglobin testing system.

Thyroid ultrasound

Thyroid ultrasound was performed by experienced ultrasound
physicians using a SIUT Apogee 1000 Neo ultrasound machine at
7.5-13.0 MHz. Briefly, the subject was placed in a supine position to
fully expose the neck and asked to stably breathe. Ultrasonic
characteristics of the thyroid were examined.

Diagnostic criteria

The criteria for diagnosis of thyroid dysfunctions were (2, 10) as
follows: overt hyperthyroidism (Ohyper), TSH <0.27 pIU/mL, FT4
>22.0 pmol/L, and/or FT3 >6.8 pmol/L; subclinical
hyperthyroidism (Shyper), TSH <0.27 uIU/mL and FT3 and FT4
in the reference ranges; Ohypo, TSH >4.20 uIU/mL and FT4 <12.0
pmol/L; and Shypo, TSH >4.20 pIU/mL and FT4 in the reference
range. TAI was defined as positive TPOAb or TgAb (13). The
criteria for positive thyroid antibodies were as follows: TPOAb >34
IU/mL or TgAb >115 IU/mL. Normal thyroid ultrasonography
included: (i) homogeneous glandular echogenicity, (ii) no nodule
(s), (iii) no goiter, (iv) no obvious small or absent thyroid gland, and
(v) no calcifications or acoustic halo.

Vitamin D status was classified as follows: vitamin D deficiency,
<12 ng/mL; vitamin D insufficiency, 12-20 ng/mL; and vitamin D
sufficiency, 220 ng/mL (18, 19). According to the Assessment of
Iodine Deficiency Disorders and Monitoring Their Elimination: A
Guide for Programme Managers (Third Edition) proposed by World
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Health Organization, iodine intake was classified as follows: deficient
iodine intake, UIC <100 pg/L; adequate iodine intake, 100 pg/L <
UIC <200 pg/L; above recommended iodine intake, 200 pg/L < UIC
<300 pg/L; and excessive iodine intake, UIC 2300 pg/L (20).

Statistical analysis

Statistical analysis was performed by SPSS 22.0. The data were
expressed as mean + standard deviation (SD). Measurement data
normally distributed were compared between groups by the two-
sample independent t-test. Otherwise, they were compared by the
Wilcoxon rank-sum test for independent samples. Enumeration
data were expressed as constituent ratios. Three or more groups
were compared by Chi-square test. Risk factors for Shypo and
Ohypo were predicted by binary logistic regression analysis. Two-
sided p < 0.05 was considered statistically significant.

Results
Baseline characteristics of subjects

A total of 2,443 subjects aged =65 years were included in the
present study, including 1,022 (41.83%) at 65-69 years, 1,095
(44.82%) at 70-79 years, and 326 (13.34%) at >80 years. There
were 1,202 (49.20%) women and 1,241 (50.80%) men in the study
cohort. The median UIC was 238.70 (197.00, 273.70) ug/L,
indicating an above-recommended iodine intake.

There were significant differences in the Ht, Wt, BMI, TPOAD,
FBG, HbAlc, FINS, TC, TG, LDL-c, and 25(OH)D between men and
women (all p < 0.01, Table 1). No significant differences were found
in TSH, TgAb, or HDL-c. In addition, thyroid nodules (30.99%),
TPOAb or TgAb positivity (11.87%), and Shypo (9.13%) were
common in the elderly. The prevalence of positive TPOAb and
positive TgAb was 7.98% and 7.78%, respectively, while Ohypo
(1.02%), Ohyper (0.41%), and Shyper (0.25%) were rarely detected.
The prevalence of thyroid nodules was significantly higher in women
than in men (39.77% vs. 22.48%, p < 0.01). There were significant
differences in the positive rates of TPOAD (6.12% vs. 9.90%, p < 0.01),
TgAb (5.48% vs. 10.15%, p < 0.01), TPOADb and TgAb (2.89% vs.
4.83%, p = 0.02), and TPOAb or TgAb (8.62% vs. 15.22%, p < 0.01)
between men and women. We did not detect a significant difference
in the prevalence of Shypo, Ohyper, Ohypo, and Shyper (all p > 0.05).

Prevalence of hypothyroidism increases
with age

The prevalence of hypothyroidism significantly rose with age in
the elderly (65-69 years, 8.02%; 70-79 years, 11.51%; 280 years,
12.27%; p = 0.01). The trend of increasing prevalence with age was
found in Shypo (65-69 years, 7.24%; 70-79 years, 10.14%; >80
years, 11.66%; p = 0.02) rather than Ohypo (65-69 years, 0.78%; 70—
79 years, 1.37%; 280 years, 0.61%; p = 0.30). No significant
differences in the prevalence of thyroid nodules, Shyper, and
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TABLE 1 Baseline characteristics of the study population (n = 2,243).

Total (n = 2,443)

Male (n = 1,241)

Female (n = 1,202)

10.3389/fendo.2023.1216308

Age 72.27 + 5.84 72.23 + 5.64 7231 + 6.04 -0.34 0.73
Ht 1.57 £ 0.09 1.62 + 0.07 1.51 £ 0.07 39.12 <0.01
Wt 61.16 + 10.64 64.47 + 10.35 57.75 + 9.84 1645 <0.01
BMI 24.81 +3.72 24.49 + 3.60 25.14 + 3.82 -4.30 <0.01
TSH 2.75 £ 451 2.63 + 4.94 2.87 £ 4.01 -1.33 0.18
TPOAb 24.64 + 65.72 20.72 + 57.25 28.68 + 73.25 -2.99 <0.01
TgAb 66.06 + 295.02 59.80 + 302.03 72.54 + 287.58 -1.07 0.29
FBG 5.96 + 1.69 5.86 + 1.53 6.05 + 1.83 -2.79 <0.01
HbAlc 6.00 + 1.00 5.93 +0.95 6.07 + 1.04 -3.41 <0.01
FINS 6.90 + 6.44 5.86 + 6.66 7.96 + 6.03 -8.16 <0.01
TC 4.97 + 1.06 4.75 £ 0.98 5.19 + 1.09 -10.38 <0.01
TG 1.42 £ 1.00 1.23 £0.92 1.60 £ 1.05 -9.24 <0.01
HDL-c 136 + 0.39 1.35 £ 0.39 138 £ 0.39 -1.53 0.13
LDL-c 2.92 +0.84 2.80 + 0.80 3.04 +0.87 -7.15 <0.01
25(0OH)D 3221 + 12.06 37.58 + 12.02 26.68 +9.28 25.14 <0.01
Thyroid diseases

TPOADb (+) 7.98% (195/2,443) 6.12% (76/1,241) 9.90% (119/1,202) - <0.01
TgAb (+) 7.78% (190/2,443) 5.48% (68/1,241) 10.15% (122/1,202) - <0.01
TPOADb (+) and TgAb (+) 3.89% (95/2,443) 2.98% (37/1,241) 4.83% (58/1,202) - 0.02
TPOAD (+) or TgAb (+) 11.87% (290/2,443) 8.62% (107/1,241) 15.22% (183/1,202) - <0.01
Ohyper 0.41% (10/2,443) 0.32% (4/1,241) 0.50% (6/1,202) - 0.71
Shyper 0.25% (6/2,443) 0.16% (2/1,241) 0.33% (4/1,202) - 0.65
Ohypo 1.02% (25/2,443) 0.64% (8/1,241) 1.41% (17/1,202) - 0.06
Shypo 9.13% (223/2,443) 9.27% (115/1,241) 8.99% (108/1,202) - 0.81
Thyroid nodule 30.99% (757/2,443) 22.48% (279/1,241) 39.77% (478/1,202) <0.01

Ht, height; Wt, weight; BMI, body mass index; TSH, thyroid stimulating hormone; TPOAD, thyroid peroxidase antibody; TgAb, thyroglobulin antibody; FBG, fasting blood glucose; HbAlc,
glycated hemoglobin; FINS, fasting insulin; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; 25(OH)D, 25-hydroxy
vitamin D; Ohyper, overt hyperthyroidism; Shyper, subclinical hyperthyroidism; Ohypo, overt hypothyroidism; Shypo, subclinical hypothyroidism.

Ohyper were detected among people aged 65-69 years, 70-79 years,
and >80 years (all p > 0.05, Table 2). In addition, the prevalence of
positive TPOAb and TgAb slightly rose with age, up to 3.99% in
people aged >80 years. However, no significant differences in the
prevalence of positive TPOAb and TgAb were identified among the
three age groups (all p > 0.05).

TAl is an independent risk factor for
hypothyroidism in the elderly

Binary logistic regression analysis involving gender, age, blood
lipid levels, TAL UIC, and 25(OH)D was performed to identify risk
factors for hypothyroidism, including Shypo and Ohypo. It is
shown that age (hypothyroidism: OR, 1.04; 95% CI, 1.02-1.06; p
< 0.01; Shypo: OR, 1.04; 95% CI, 1.02-1.06; p < 0.01) and TAI

Frontiers in Endocrinology

(hypothyroidism: OR, 2.46; 95% CI, 1.76-3.43; p < 0.01; Shypo: OR,
1.94; 95% CI, 1.35-2.80; p < 0.01) were significantly correlated with
hypothyroidism and Shypo in the elderly (Table 3). TAI was further
identified as an independent risk factor for Ohypo in the elderly
(OR, 7.64; 95% CI, 3.40-17.19; p < 0.01). The prevalence of
hypothyroidism including Ohypo and Shypo in the elderly was
not associated with gender, blood lipid levels, iodine intake, and
vitamin D status (all p > 0.05).

The correlation between TAIl and
hypothyroidism is age-specific
in the elderly

We further explored risk factors for hypothyroidism in the
elderly in different age groups. It is shown that TAI was a risk factor
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TABLE 2 The prevalence of thyroid dysfunction and thyroid nodule in different age groups (n = 2,243).

65-69 years old 70-79 years old > 80 years old p-value

Total 1,022 1,095 326

TPOAD (+) 8.32% (85/1,022) 7.49% (82/1,095) 8.59% (28/326) 0.81
TgAb (+) 7.63% (78/1,022) 7.21% (79/1,095) 10.12% (33/326) 0.22
TPOAD (+) and TgAb (+) 3.82% (39/1,022) 3.93% (43/1,095) 3.99% (13/326) 0.97
TPOAD (+) or TgAb (+) 12.13% (124/1,022) 10.78% (118/1,095) 14.72% (48/326) 0.15
Ohyper 0.29% (3/1,022) 0.55% (6/1,095) 0.31% (1/326) 0.63
Shyper 0.29% (3/1,022) 0.09% (1/1,095) 0.61% (2/326) 0.25
Ohypo 0.78% (8/1,022) 1.37% (15/1,095) 0.61% (2/326) 030
Shypo 7.24% (74/1,022) 10.14% (111/1,095) 11.66% (38/326) 0.02
Hypo 8.029%(82/1,022) 11.51% (126/1,095) 12.27% (40/326) 0.01
Thyroid nodule 29.94% (306/1,022) 30.59% (335/1,095) 35.58% (116/326) 0.15

TPOADb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody; Ohyper, overt hyperthyroidism; Shyper, subclinical hyperthyroidism; Ohypo, overt hypothyroidism; Shypo, subclinical

hypothyroidism; Hypo, hypothyroidism.

for hypothyroidism in the same age groups (65-69 years group: OR,
3.09;95% CI, 1.81-5.27; p < 0.01; 70-79 years group: OR, 2.27; 95%
CI, 1.37-3.76; p < 0.01; Table 4; Figure 2), as well as Shypo in those
at 65-69 years (OR, 2.22; 95% CI, 1.23-3.99; p < 0.01) and 70-79
years (OR, 1.77; 95%CI, 1.02-3.08; p = 0.04; Table 5; Figure 2). TAI
did not influence the prevalence of hypothyroidism and Shypo in
those aged 280 years (both p > 0.05), but the increase of TC level
(hypothyroidism: OR, 1.88; 95% CI, 0.99-3.57; p = 0.04; Table 4;
Figure 2; Shypo: OR, 1.96; 95% CI, 1.04-3.71; p = 0.04; Table 5;
Figure 2) and HDL-c level (hypothyroidism: OR, 0.24; 95% ClI,
0.07-0.82; p = 0.02; Table 4; Figure 2; Shypo: OR, 0.26; 95% ClI,
0.08-0.90; p = 0.03; Table 5; Figure 2) are closely related to
hypothyroidism and Shypo in the elderly. In addition, the
prevalence of hypothyroidism, including Ohypo and Shypo, in

the elderly in different age groups was not influenced by gender
and vitamin D status (all p > 0.05, Table 4).

Discussion

The high prevalence of thyroid diseases in the elderly has
become widely concerning. The present cross-sectional study
recruited people aged 260 years from two iodine-adequate areas
in China, aiming to reveal epidemiological characteristics of thyroid
diseases. It was found that TPOAb or TgAb positivity and Shypo
were prevalent in the elderly. The overall prevalence of Ohyper in
the elderly was relatively low. A previous epidemiological study
from 31 provinces of China’s mainland reported that the prevalence

TABLE 3 Risk factors for hypothyroidism (including Ohypo and Shypo) in the elderly analyzed by binary logistic regression (n = 2,243).

Hypothyroidism Shypo Ohypo

95% Cl p-value 95% Cl 95% Cl
Sex (female) 0.89 [0.67, 1.18] 0.41 0.86 [0.64, 1.16] 032 1.26 [0.50, 3.17) 0.62
Age 1.04 [1.02, 1.06] <0.01 1.04 (102, 1.06] <0.01 1.00 (0.94, 1.07) 0.94
TC 1.22 [0.91, 1.63] 0.18 1.25 (093, 1.67] 0.14 0.74 [0.22,2.51] 0.62
TG 1.05 [0.90, 1.22] 0.54 1.05 [0.90, 1.22] 0.58 1.17 [0.66, 2.10] 0.59
HDL-c 1.02 [0.67, 1.54] 0.94 0.99 [0.64, 1.52] 0.95 1.64 [0.34, 8.00] 0.54
LDL-c 0.95 [0.69, 1.31] 0.76 0.86 [0.62, 1.20] 038 2.65 [0.70, 10.01] 0.15
uIC 1.00 [1.00, 1.00] 0.03 1.00 [1.00, 1.00] 0.03 1.00 (1.00, 1.00] 048
TAI 2.46 [1.76, 3.43] <0.01 1.94 [1.35, 2.80] <0.01 7.64 (3.40, 17.19] <0.01
25(0H)D <20 ng/mL 0.93 [0.62, 1.40] 0.74 0.86 (055, 1.32] 048 1.74 [0.64, 4.72] 028

TG, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; UIC, urinary iodine concentration; TAI, thyroid autoimmunity; 25
(OH)D, 25-hydroxy vitamin D; Ohypo, overt hypothyroidism; Shypo, subclinical hypothyroidism.
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TABLE 4 Risk factors for hypothyroidism in the elderly stratified by age analyzed by binary logistic regression.

65-69 years old

70-79 years old >80 years old

95% ClI p-value 95% Cl 95% Cl p-value
Sex (female) 0.99 [0.60, 1.63] 095 0.77 (051, 1.17] 0.22 0.93 [0.43, 2.00] 0.85
TC 113 [0.68, 1.88] 0.64 1.01 [0.59, 1.71] 0.98 1.88 [0.99, 3.57] 0.04
TG 1.01 [0.79, 1.30] 091 1.24 [0.94, 1.64] 0.13 0.84 [0.50, 1.42] 051
HDL-c 1.64 [0.84, 3.20] 0.15 1.30 [0.65, 2.04] 047 0.24 [0.07, 0.82] 0.02
LDL-c 0.96 [0.55, 1.68] 0.88 115 [0.53, 1.64] 0.63 0.78 [0.40, 1.53] 0.48
UIC 1.00 [1.00, 1.00] 0.97 1.00 [0.99, 1.00] 0.01 1.00 [0.99, 1.00] 033
TAI 3.09 [1.81, 5.27] <0.01 227 (137, 3.76] <0.01 1.77 [0.76, 4.14] 0.19
25(0H)D <20 ng/mL 1.37 [0.74, 2.53] 032 0.52 (0.20, 1.04] 0.08 1.20 [0.47, 3.03] 0.70

TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; UIC, urinary iodine concentration; TAI, thyroid autoimmunity; 25

(OH)D, 25-hydroxy vitamin D.

of Shypo in the Chinese population aged >60 years is up to 35.22%.
Moreover, the incidences of positive TPOAb and TgAb are 11.55%
and 10.20% in people aged 60-69 years, and 11.41% and 9.85% in
those aged 270 years, respectively. The prevalence of Ohyper in
people aged 60-69 and 270 years is 0.65% and 0.47%, respectively
(2). Epidemiological data from other countries and regions have
revealed that the prevalence of Ohypo and Shypo in people aged
>65 years ranges from 1% to 10% and 1% to 15%, respectively (21).
A study from the Netherlands has demonstrated that the incidence
of positive thyroid antibodies in people aged >85 years is about 13%
(22). Consistently, our data revealed that thyroid nodules, positive
thyroid antibodies, and Shypo were the most common thyroid
diseases in people aged >65 years, the prevalence of which was

A B
Variables OR(95%Cl) Pvalue
65-69 years old
Sex (female) 1.06[0.63,1.79] 0.82 .
TC 1.22[0.75,1.99] 0.43 -
TG 1.01[0.79,1.28] 0.95 -
HDL-c 1.51[0.77,2.97] 0.23 -
LDL-c 0.83[0.48,1.45] 0.52 .
uic 1.00[1.00,1.00] 0.46 L]
TAI(+) 222[123399]  <0.01 .
25(0H)D<20ng/mL  1.30[0.68,2.46] 0.43 .
70-79years old
Sex (female) 0.72[0.47,1.11] 0.14 -
TC 1.11[0.66,1.87] 0.70 -
TG 1.18[0.89,1.56] 0.25 -
HDL-c 1.10[0.54,2.25] 0.79 -
LDL-c 0.93[0.53,1.64] 0.80 -
uic 1.00[0.99,1.00] 0.06 L
TAI (+) 1.77[1.02,3.08] 0.04 -
25(0OH)D<20ng/mL. 0.46[0.20,1.04] 0.06 -
=80years old
Sex (female) 0.89[0.41,1.93] 0.77 -
TC 1.96[1.04,3.71] 0.04 -
TG 0.86[0.50,1.46] 0.57 -
HDL-c 0.26[0.08,0.90] 0.03 -
LDL-c 0.76[0.39,1.48] 0.42 -
uic 1.00[0.99,1.00] 0.44 L]
TAI(+) 1.65[0.68,3.97) 0.27 .
25(0H)D<20ng/mL  0.86[0.31,2.37) 0.77 .

FIGURE 2

Risk factors of Shypo (A) and hypothyroidism (B) in different age groups analyzed by binary logistic regression. TC, total cholesterol; TG, triglyceride;
HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; UIC, urinary iodine concentration; TAI, thyroid
autoimmunity; 25(OH)D, 25-hydroxy vitamin D; Shypo, subclinical hypothyroidism.
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significantly higher in women than in men. The prevalence of
Ohyper and Shyper in the elderly, however, was relatively low.
Age, gender, iodine intake, TAIL metabolic disorders, and vitamin
D were all remarkably associated with thyroid diseases. Among them,
iodine intake, age, and TAI were the most significant factors for
thyroid diseases. Long-term excessive iodine intake downregulates
the expression of thyrotropin receptors on the surface of thyroid cells
and sodium-iodide symporter and also inhibits the activity of type II
(D2) deiodinase. Eventually, thyroid function is impaired (23). In this
study, interestingly, UIC was not found to be associated with the
prevalence of hypothyroidism in the elderly in areas where iodine is
more than adequate. Similarly, there was no significant difference in
the prevalence of Shypo among the population in iodine-sufficient

Variables OR(95%CI) Pvalue
65-69 years old
Sex (female) 0.99(0.60,1.63]  0.95 .
TC 113[068,1.88] 064 .
TG 1.01[0.79,1.30] 091 -
HDL-¢ 1.64[0.84,3.20] 0.15 -
LDL-c 0.96[0.55,1.68] 0.88 -
uic 1.00[1.00,1.00] 0.97
TAI (+) 3.09[1.81,5.27] <0.01 -
25(0H)D<20ng/mL  1.37[0.74253]  0.32 .
70-79years old
Sex (female) 0.77[0.51,1.17] 0.22 -
TC 1.01[0.59,1.71] 0.98 -
TG 1.24[0.94,1.64] 0.13 -
HDL-¢ 1.30[0.65,2.04] 0.47 -
LDL-c 1.15[0.53,1.64] 0.63 -
uic 1.00[0.99,1.00] 0.01 [ ]
TAI (+) 227[1.37,3.76] <0.01 -
25(0H)D<20ng/mL  0.52[0.20,1.04]  0.08 .
=80years old
Sex (female) 0.93[0.43,2.00] 0.85 -
TC 1.88[0.99,3.57] 0.04 -
6 0.84[0.50,1.42]  0.51 .
HDL-¢ 0.24[0.07,0.82] 0.02 L
LDL-c 0.78[0.40,1.53] 0.48 -
uic 1.00[0.99,1.00] 0.33 L]
TAI (+) 1.77(0.76,4.14] 0.19 -
25(0H)D<20ng/mL  1.20[0.47,3.03]  0.70 .
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TABLE 5 Risk factors for Shypo in the elderly stratified by age analyzed by binary logistic regression.

65-69 years old

70-79 years old >80 years old

95% Cl p-value 95% Cl p-value 95% Cl p-value
Sex (female) 1.06 [0.63, 1.79] 0.82 0.72 (047, 1.11] 0.14 0.89 [0.41, 1.93] 0.77
TC 1.22 [0.75, 1.99] 043 111 [0.66, 1.87] 0.70 1.96 [1.04, 3.71] 0.04
TG 1.01 [0.79, 1.28] 0.95 1.18 [0.89, 1.56] 025 0.86 [0.50, 1.46] 0.57
HDL-c 151 [0.77, 2.97] 023 1.10 [0.54, 2.25] 0.79 0.26 [0.08, 0.90] 0.03
LDL-c 0.83 [0.48, 1.45] 0.52 0.93 [0.53, 1.64] 0.80 0.76 [0.39, 1.48] 0.42
uIC 1.00 [1.00, 1.00] 0.46 1.00 [0.99, 1.00] 0.06 1.00 [0.99, 1.00] 0.44
TAI 222 [1.23, 3.99] <0.01 177 [1.02, 3.08] 0.04 1.65 [0.68, 3.97] 0.27
25(0H)D <20 ng/mL 1.30 [0.68, 2.46] 043 0.46 [0.20, 1.04] 0.06 0.86 (031, 2.37] 0.77

TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; UIC, urinary iodine concentration; TAI, thyroid autoimmunity; 25

(OH)D, 25-hydroxy vitamin D; Shypo, subclinical hypothyroidism.

areas. However, there was a significant positive correlation between
iodine excess and Shypo, which was mainly attributed to
nonautoimmune Shypo. We have demonstrated that UIC 2700 ug/
L in iodine-sufficient areas in China is also confirmed as a risk factor
for Shypo (12). UIC from spot samples has been shown to be a
reliable biomarker of recent iodine intake in the population as a
whole (24). However, creatinine adjustment of UIC to correct urine
volume has been advocated by some authors (25).

Our results showed that age and TAI were significantly
correlated with hypothyroidism in the elderly. Aging and TAI
increased the risk of Shypo. The prevalence of Shypo in the
elderly increased with age, reaching 11.66% in people aged >80
years. NHANES has proposed that the 97.5% quantile of TSH
increases by 0.03 mU/L with every 1-year increase in age from 12
years (26). The French Endocrine Society consensus guidelines
(2019) have consistently reported that the upper limit of the
normal reference of TSH increases with age (8). The fixed
reference of TSH in clinical testing may increase the detection
rate of Shypo in the elderly. Our previous research has established
an age-specific range of TSH levels to reduce the possibility of
overdiagnosis of Shypo (8). However, according to the age-specific
TSH reference range, the detection rate of Shypo was greatly
reduced, and the detection rate of Ohypo was too low to be
analyzed statistically. As a result, the age-specific TSH reference
range was not used to define hypothyroidism in the present study.

Thyroid antibodies are important indicators for TAI and are
closely linked with thyroid function. In the present study, the
incidence of positive TPOAb or TgAb was 11.87%, significantly
higher in women than in men. People with positive thyroid
antibodies are more likely to develop thyroid dysfunction (17, 27).
Our results found that positive thyroid antibodies increased the risk of
hypothyroidism in people aged 65-69 and 70-79 years but did not
influence the prevalence of hypothyroidism in people aged >80 years. It
is indicated that aging may weaken the influence of thyroid antibodies
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on thyroid function. TAI is considered a physiological condition
adaptive to internal and external environmental changes. At a certain
age, TAI becomes less influential on thyroid function. A study from the
Netherlands involving 64 people aged 85 years has concluded that
TPOAD in the elderly has a limited predictive value for thyroid function
(22). However, their findings are limited by a small sample size and a
short follow-up period. More efforts are required to clarify the influence
of TAI on thyroid function in the elderly, especially in very old people.

Thyroid hormones regulate lipid metabolism, and Shypo can
cause abnormalities in lipid metabolism. Our study also found that
blood lipids are closely related to Shypo in the elderly, especially in
TC and HDL-c. A study in China analyzed the relationship between
Shypo and blood lipids, finding that for every 1 mIU/L increase in
TSH, the TC level increased by 0.0551 mmol/L in middle-aged and
elderly subjects (60-69 years old). Similarly, the LDL-c level tended to
increase with age for every 1 mIU/L increase in TSH (28). In addition,
the study confirmed that the TSH level was significantly higher in
patients with metabolic syndrome than in healthy controls.
Hypothyroidism has a significant effect on the components of the
metabolic syndrome. Patients with Shypo have an increased risk of
low HDL-c (28). The high prevalence of dyslipidemia in the elderly is
considered a “natural condition.” Both Shypo and dyslipidemia
gradually increase with age, suggesting that the relationship
between hypothyroidism and dyslipidemia may be affected by aging.

As a vital immunomodulatory factor, the role of vitamin D in
thyroid diseases has been extensively highlighted. Mackawy et al.
(28) have found an inverse correlation between 25(OH)D and TSH
levels, and the prevalence of vitamin D deficiency remains high in
patients with hypothyroidism. Low serum vitamin D level is
independently associated with high TSH levels and the incidence
of thyroid dysfunction (29, 30). A recent population-based study in
China has suggested that vitamin D level is significantly lower in
patients with Hashimoto thyroiditis (HT) than in non-HT people.
Compared with those with sufficient vitamin D levels, significantly
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lower FT, and higher TSH levels are detected in people with vitamin
D insufficiency or deficiency (31). However, we did not identify a
significant correlation between vitamin D levels and the prevalence
of Shypo or Ohypo, suggesting the limited influence of vitamin D
deficiency on thyroid function in the elderly.

Some limitations should be noted. First, it was a cross-sectional
study, and we were unable to assess the causal relationship between
the above factors and thyroid function in the elderly. Second, we did
not include information about the ultrasound aspects correlated with
TAI (i.e., inhomogeneous parenchyma, presence of pseudo-nodules,
thyroid volume, etc.) as a possible further tool to define the presence
or absence of autoimmune thyroid disease. Third, we did not analyze
the influence of sunshine exposure, diet, and vitamin D supplement
on thyroid diseases in the elderly. Fourth, it is not sufficient to assess
iodine status in the elderly by measuring UIC alone. Because UIC is
just a reliable biomarker of recent iodine intake for the population, a
creatinine adjustment of UIC to correct urine volume is required.
Finally, our findings were obtained from epidemiological data in
elderly Chinese; therefore, the correlation between vitamin D status
and thyroid diseases in young people remains unclear.

Taken together, hypothyroidism, particularly Shypo, is
common in the elderly in iodine-adequate areas. TAI is an age-
specific risk factor for hypothyroidism in the elderly. A long-term
follow-up is needed to further identify the influence of TAI on
thyroid function in the elderly and the potential harm of Shypo on
the health of old people.
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