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Background: While hypothyroidism is associated with negative health effects in the general population, older 
adults with hypothyroidism have better physical function and comparable rates of depression and cognitive im-
pairment relative to their euthyroid counterparts. The aim of this study was to investigate the association between 
thyroid status and health-related quality of life in Korean older adults.
Methods: In this population-based cross-sectional study, 1,060 adults aged over 60 years were classified by thyroid 
status into four groups based on their thyroid stimulating hormone (TSH) and free T4 values: overt hypothyroid, 
subclinical hypothyroid, euthyroid, and subclinical hyperthyroid. The main outcome measure was self-reported 
health-related quality of life based on the three-level version of the EuroQol-5 dimension (EQ-5D), with utility val-
ues of -0.171 and 1.000 corresponding to the worst and best health statuses, respectively. The adjusted means of the 
EQ-5D three-level version utility values according to thyroid status were determined using a linear regression anal-
ysis.
Results: In the adjusted analysis, the overt hypothyroid group showed significantly higher EQ-5D three-level ver-
sion utility values than did the euthyroid group (0.998 vs. 0.908, P=0.000). In the subgroup analyses by sex, the overt 
hypothyroid group also showed significantly higher EQ-5D three-level version utility values for both men and 
women than did the euthyroid group (0.998 vs. 0.940, P=0.008; 0.983 vs. 0.882, P=0.001).
Conclusion: Asymptomatic Korean older adults aged over 60 years with TSH and free T4 values corresponding to 
overt hypothyroidism have better health-related quality of life than their euthyroid counterparts.
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INTRODUCTION

Hypothyroidism is a significant health problem that increases in fre-

quency in the elderly. It affects approximately 4.6% of the US popula-

tion (overt hypothyroidism, 0.3%; subclinical hypothyroidism, 4.3%) 

and 3.8% of the Korean population (overt hypothyroidism, 0.7%; sub-

clinical hypothyroidism, 3.1%).1,2) The frequency of subclinical hypo-

thyroidism increases in older adults, affecting approximately 6% of in-

dividuals aged 70–79 years and 10% of individuals aged 80 years or 

older.3) The clinical manifestations of hypothyroidism include dry skin, 

cold sensitivity, fatigue, muscle cramps, voice changes, and constipa-

tion.4) Hypothyroidism in the elderly also causes atypical symptoms, 

which include gustatory changes, hearing loss, and ataxia.

	 While the increased prevalence of hypothyroidism in the elderly is 

accompanied by higher rates of physical and cognitive impairments, 

depression, and cardiovascular diseases, hypothyroidism may have a 

protective health effect in older adults.3,5-9) While reports differ, some 

studies have shown that older adults with thyroid stimulating hor-

mone (TSH) levels that correspond to mild to overt hypothyroidism 

may have better mobility and slower decline in measures of physical 

function than their euthyroid counterparts.3,6) Further, studies have 

shown that subclinical hypothyroidism in the elderly is not associated 

with depression or cognitive impairment.6,10,11)

	 To date, only a few studies have investigated the association be-

tween various degrees of hypothyroidism and measures of health-re-

lated quality of life in geriatric populations. The Korea National Health 

and Nutrition Examination Survey (KNHANES) represents a large and 

reliable dataset based on a nation-wide survey. Given the lack of stud-

ies that investigate the health effects of different thyroid statuses in ge-

riatric populations and the importance of verifying their association, 

we assessed the cross-sectional relationship between thyroid status 

and EuroQol-5 dimension three-level version (EQ-5D-3L) utility val-

ues using data from the sixth KNHANES conducted from 2013 to 2015.

METHODS

1. Study Population and Data Collection
This study was conducted using data from the sixth KNHANES, a na-

tional cross-sectional survey conducted by the Korea Centers for Dis-

ease Control and Prevention for Health Statistics. The KNHANES is an 

independent dataset from the general South Korean population, simi-

lar to the National Health and Nutrition Examination Survey conduct-

ed by the US Centers for Disease Control and Prevention.12) The selec-

tion process of household units and participants for the KNHANES is 

based on a stratified, multi-stage, clustered probability sampling de-

sign to represent the noninstitutionalized Korean population. The 

health interview includes the use of an established questionnaire to 

determine the demographical information of the subjects and basic 

laboratory data. In the sixth KNHANES (2013–2015), laboratory mea-

surements of serum TSH, free T4 (fT4), and thyroid peroxidase anti-

body (TPO Ab) were obtained using subsampling stratified by sex and 

age. Approximately one-third of subjects aged over 10 years among a 

total of 2,400 individuals annually were selected by subsampling con-

sidering sociodemographic factors to undergo thyroid function tests.

	 Among the 1,195 subjects aged over 60 years who participated in the 

sixth KNHANES and underwent thyroid function tests, the following 

were excluded: those with missing EQ-5D-3L utility values (n=74); 

those with self-reported history of thyroid diseases, including thyro-

toxicosis, overt hypothyroidism, benign thyroid nodules, and Hashi-

moto’s thyroiditis, and those who were on treatment for thyroid dis-

eases, including radioactive iodine treatment, antithyroid drugs (pro-

pylthiouracil, methimazole, and carbimazole), and thyroid hormone 

(levothyroxine [LT4]) (n=38); those with a history of thyroid cancer 

(n=14); those with missing covariates (n=8); and those with overt hy-

perthyroidism (TSH level of <0.10 mIU/L with elevated fT4 level) ow-

ing to the small patient number (n=1). There were no pregnant indi-

viduals. The final study population included 1,060 individuals.

2. Assessment of Thyroid Status
The serum TSH, fT4, and TPO Ab levels were measured using electro-

chemiluminescence immunoassay (Roche Diagnostics, Mannheim, 

Germany) according to the criteria of the College of American Patholo-

gists. In the main analysis, the Korean reference interval for the serum 

TSH level (0.62–6.68 mIU/L) was used, which is higher than that of 

Western countries.2) This reference range reflects the 2.5th and 97.5th 

percentile of the serum TSH levels of the reference population, defined 

as the population with no history of thyroid disease or thyroid cancer 

and no history of taking medications that could influence thyroid func-

tion, with no family history of thyroid disease, with negative TPO Ab 

findings, and with serum fT4 levels within the reference range (0.89–

1.76 ng/mL), as previously reported; this population did not include 

pregnant women.2) In the supplemental analysis, thyroid status was 

classified using the manual TSH reference range from Roche Diagnos-

tics (0.35–5.50 mIU/L). The manual reference range for the serum fT4 

level (0.89–1.76 ng/mL) was used in both main and supplemental 

analyses. The reference range for the TPO Ab level was <34 IU/mL.

3. Classification by Thyroid Status
As described in a previous study, the subjects were classified into the 

following groups according to their thyroid function test results.13) Us-

ing the population-based TSH reference range (0.62–6.68 mIU/L), thy-

roid status was classified as follows: overt hypothyroidism was defined 

as a TSH level of 20 mIU/L or more or a TSH level of more than 6.68 

mIU/L with an fT4 level below normal (<0.89 ng/mL) (n=10); subclini-

cal hypothyroidism was defined as a TSH level of more than 6.68 mIU/

L and less than 20 mIU/L with a normal fT4 level (0.89–1.76 ng/mL) 

(n=31); euthyroid was defined as a normal TSH level (0.62–6.68 mIU/

L) (n=987); subclinical hyperthyroidism was defined as a TSH level of 

0.10–0.6199 mIU/L or less than 0.10 mIU/L with a normal fT4 level 

(n=32); and overt hyperthyroidism was defined as a TSH level of less 

than 0.10 mIU/L with an elevated fT4 level (n=1). The subject with 

overt hyperthyroidism (n=1) was excluded owing to the small patient 
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number. In the supplemental analysis, thyroid status was classified in 

a similar manner using the manual TSH reference range from Roche 

Diagnostics (0.35–5.50 mIU/L).

4. Assessment of the EuroQol-5 Dimension Three-Level 
Version Utility Values

Health-related quality of life was assessed using the EQ-5D-3L, a ge-

neric preference-based measure consisting of five questions concern-

ing the current health status of patients.14) The questions target five ar-

eas: mobility, self-care, usual activities, pain/discomfort, and anxiety/

depression. Each question has three possible responses, i.e., no prob-

lem, some problems, or severe problems. Population-specific value 

sets used for deriving utility values from responses to questions enable 

effective comparison across different populations. The EQ-5D-3L has 

been widely used as a standard measure of health-related quality of 

life. The Korean EQ-5D-3L was developed by the Korea Centers for Dis-

ease Control and Prevention according to procedures outlined by the 

EuroQol group. The utility values for the Korean EQ-5D-3L range con-

tinuously from -0.171 (worst health status) to 1.000 (best health status).

5. Key Variables and Statistical Analysis
The considered covariates included age (years; continuous), sex (male 

or female; categorical), body mass index (kg/m2; continuous), house-

hold income (lower half or upper half; categorical), education (≤6 

years or >6 years; categorical), employment status (unemployed or 

employed; categorical), smoking status (nonsmoker or current and 

past smoker; categorical), drinking status (nondrinker or drinker; cat-

egorical), physical activity (meets or does not meet requirements; cat-

egorical), diabetes (with or without; categorical), hypertension (with 

or without; categorical), dyslipidemia (with or without; categorical), 

serum hemoglobin level (mg/dL; continuous), and serum TPO Ab 

level (normal or high; categorical). Physical activity was calculated as 

metabolic equivalent task (MET) minutes per week using the Interna-

tional Physical Activity Questionnaire in 2013 and Global Physical Ac-

tivity Questionnaire in 2014 and 2015.15,16) It was classified as not meet-

ing the requirements (<600 MET-min/wk) or meeting the require-

ments (≥600 MET-min/wk). Further, the TPO Ab levels were classified 

into normal (≤34 IU/mL) or high (>34 IU/mL).

	 The chi-square test was used for categorical variables and one-way 

analysis of variance for continuous variables to test for significant dif-

Table 1. Descriptive characteristics of the study population (population-based reference range)

Characteristic Category Overt hypothyroid
Subclinical 
hypothyroid

Euthyroid
Subclinical 

hyperthyroid
P-value

No. of participants 10 31 987 32
Age (y) 65±3.9 66.1±4.6 65.4±3.8 65.5±4.9 0.778
Sex Male 4 (40.0) 11 (35.5) 510 (51.7) 17 (53.1) 0.296

Female 6 (60.0) 20 (64.5) 477 (48.3) 15 (46.9)
Body mass index Nonobese 3 (30.0) 22 (71.0) 618 (62.6) 17 (53.1) 0.085

Obese 7 (70.0) 9 (29.0) 369 (37.4) 15 (46.9)
Household income Lower half 6 (60.0) 15 (48.4) 614 (62.2) 21 (65.6) 0.450

Upper half 4 (40.0) 16 (51.6) 373 (37.8) 11 (34.4)
Education ≤6 y 5 (50.0) 14 (45.2) 475 (48.1) 17 (53.1) 0.932

>6 y 5 (50.0) 17 (54.8) 512 (51.9) 15 (46.9)
Employment status Unemployed 8 (80.0) 18 (58.1) 511 (51.8) 16 (50. 0) 0.301

Employed 2 (20.0) 13 (41.9) 476 (48.2) 16 (50.0)
Smoking status Nonsmoker 7 (70.0) 24 (77.4) 520 (52.7) 16 (50.0) 0.034

Current and past smoker 3 (30.0) 7 (22.6) 467 (47.3) 16 (50.0)
Drinking status Nondrinker 4 (40.0) 17 (54.8) 364 (36.9) 12 (37.5) 0.244

Drinker 6 (60.0) 14 (45.2) 623 (63.1) 20 (62.5)
Physical activity* Does not meet requirements 2 (20.0) 19 (61.3) 481 (48.7) 21 (65.6) 0.033

Meets requirements 8 (80.0) 12 (38.7) 506 (51.3) 11 (34.4)
Hypertension No 8 (80.0) 18 (58.1) 562 (56.9) 17 (53.1) 0.499

Yes 2 (20.0) 13 (41.9) 425 (43.1) 15 (46.9)
Dyslipidemia No 8 (80.0) 21 (67.7) 713 (72.2) 26 (81.3) 0.595

Yes 2 (20.0) 10 (32.3) 274 (27.8) 6 (18.7)
Diabetes No 8 (80.0) 27 (87.1) 813 (82.4) 27 (84.4) 0.900

Yes 2 (20.0) 4 (12.9) 174 (17.6) 5 (15.6)
Hemoglobin level 13.2±0.8 13.4±1.1 14.0±1.3 13.9±1.3 0.011
Thyroid peroxidase antibody level† Normal 8 (80.0) 27 (87.1) 906 (91.8) 30 (93.8) 0.422

High 2 (20.0) 4 (12.9) 81 (8.2) 2 (6.2)
EuroQol three-level version 0.9497±0.1029 0.8985±0.1004 0.9063±0.1397 0.8844±0.1316 0.599

Values are presented as number, mean±standard deviation, or number (%).
MET, metabolic equivalent task.
*Does not meet requirements: <600 MET-min/wk; meets requirements: ≥600 MET-min/wk. †Normal: ≤34 IU/mL; high: >34 IU/mL.
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ferences in the means across the different thyroid status groups. Sub-

sequently, an adjusted linear regression analysis was performed to test 

for significant differences in the EQ-5D-3L values across the sample 

groups (Table 2). Ninety-five percent confidence intervals were ap-

plied, and P-values of <0.05 were considered statistically significant for 

all results. All statistical analysis was performed using STATA ver. 14.0 

(STATA Corp., College Station, TX, USA).

6. Ethics Statement
Prior to the survey, all participants of the sixth KNHANES provided in-

formed consent. As the national survey data used for this study were 

publicly available from the Korea Centers for Disease Control and Pre-

vention, no ethical approval from our Institutional Review Board was 

necessary.

RESULTS

1. Characteristics of the Study Population
The study subjects were a disease-free population (n=1,060) whose 

baseline characteristics are shown in Table 1. Their mean age was 65.4 

years, and the proportion of men was 51.1%. There were 10 subjects in 

the overt hypothyroid group, 31 subjects in the subclinical hypothyroid 

group, 987 individuals in the euthyroid group, and 32 subjects in the 

subclinical hyperthyroid group (Table 1). Significant differences in the 

means were observed across the groups only for smoking status, phys-

ical activity, and hemoglobin levels (P=0.034, 0.033, 0.011, respective-

ly). Across the sample groups, the overt hypothyroid group demon-

strated the highest unadjusted mean EQ-5D-3L utility value, although 

the association was not significant (0.9497, P=0.599).

2. Adjusted Mean EuroQol-5 Dimension Three-Level Version 
Utility Values according to Thyroid Status

In the adjusted analysis, the overt hypothyroidism group had signifi-

cantly higher mean least-square EQ-5D-3L utility values than the eu-

thyroid group in the total population as well as in the male and female 

subpopulations (0.998 versus 0.908, 0.998 versus 0.940, 0.983 versus 

0.882; P=0.000, 0.008, 0.001, respectively) (Table 2). At baseline of eu-

thyroid, neither the subclinical hypothyroid group nor the subclinical 

hyperthyroid group showed a significant association (Table 2, Figure 

1).

3. Categorization based on Population-Specific (0.62–6.68 
mIU/L) versus Manual-Based Thyroid Stimulating 
Hormone Reference Ranges (0.35–5.50 mIU/L)

When thyroid status was classified using the manual-based TSH refer-

ence range (0.35–5.50 mIU/L) instead of the population-based TSH 

reference range (0.62–6.68 mIU/L), the distribution of individuals in 

each group shifted slightly (Supplementary Table 1). There were 11 

subjects in the overt hypothyroid group, 61 subjects in the subclinical 

hypothyroid group, 977 subjects in the euthyroid group, and 11 sub-

jects in the subclinical hyperthyroid group (Supplementary Table 1). Ta
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Significant differences were observed across the groups only for smok-

ing, drinking and hemoglobin levels (Supplementary Table 1). The un-

adjusted mean EQ-5D-3L utility values were the highest in the overt 

hypothyroid group, although the association was not significant 

(P=0.714) (Supplementary Table 1). In the adjusted analysis, the mean 

least-square EQ-5D-3L utility values increased in the overt hypothyroid 

group relative to the euthyroid group, although the association was not 

significant (0.968 versus 0.908, P=0.106) (Supplementary Table 2, Sup-

plementary Figure 1).

DISCUSSION

In this nationwide, population-based, cross-sectional study using the 

sixth KNHANES data, we showed that a significant association might 

exist between overt hypothyroidism and higher EQ-5D-3L utility val-

ues in Korean subjects aged over 60 years (Table 2). This result sug-

gests that asymptomatic older adults with TSH and fT4 levels that cor-

respond to overt hypothyroidism might have better health-related 

quality of life than their euthyroid counterparts.

	 Several previous studies have reported on the relationship between 

hypothyroidism and measures of health-related quality of life in older 

adults, including mobility, self-care, usual activity, pain/disability, and 

anxiety/depression. For instance, a prospective population-based 

study conducted in participants followed up from age 85 to 89 years 

showed that increasing levels of TSH at baseline were associated with 

significant decelerated increases in disability in instrumental activities 

of daily living.6) Another prospective population-based study of healthy 

asymptomatic older adults aged 70 to 79 years showed that their mild 

subclinical hypothyroid group demonstrated better mobility and had 

a higher percentage of those with good cardiorespiratory fitness and 

who reported walking in ease than did their euthyroid group.3) Finally, 

a study using data from the Korean Longitudinal Study on Health and 

Aging on Korean subjects aged over 65 years found that subclinical hy-

pothyroidism was not associated with cognitive impairment, depres-

sion, or poor quality of life in the elderly.11) Some of these studies differ 

from our study in that the study population consisted of patients with 

subclinical hypothyroidism, rather than those with overt hypothyroid-

ism. Moreover, these studies differed from our study in terms of the 

age of the study population.

	 Several mechanisms can possibly explain our finding that older 

adults aged over 60 years with overt hypothyroidism have better 

health-related quality of life than their euthyroid counterparts. Thyroid 

hormone plays a critical role in energy metabolism. Overt hypothy-

roidism may slow the metabolic rate, which may result in increased 

preservation of physical and cognitive functions.6) This protective ef-

fect of overt hypothyroidism has been reported in the oldest old aged 

at least 70 years.5) In young and middle-aged humans, the negative ef-

fects of hypothyroidism, such as dyslipidemia and adverse cardiovas-
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Figure 1. Association between health-related quality of life and thyroid status at 
baseline of euthyroid (population-based TSH reference range). Adjusted mean EQ-
5D-3L utility scores calculated using the linear regression model analysis in the total 
population (A), men (B), and women (C). EQ-5D-3L: adjusted mean utility scores 
based on the Korean EQ-5D-3L index (normal range, -0.171 to 1.000); population-
based TSH reference range: 0.62 to 6.68 mIU/L. TSH, thyroid stimulating hormone; 
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cular outcomes, are more dominant.5)

	 Clinical practices concerning the treatment of hypothyroidism in 

the elderly are mostly similar in the United States and in Korea. 

Screening for hypothyroidism is performed by measuring the serum 

TSH level.17,18) Treatment with LT4 is recommended for symptomatic 

older adults with persistently elevated TSH levels and decreased fT4 

levels.18,19) The dose of LT4 depends on such factors as the presence 

and severity of thyroid-related symptoms and coexisting diseases, e.g., 

coronary artery disease and heart failure.18,19) Older adults without 

risks of heart diseases may be initiated on a full dose of LT4 (1.6 mcg/

kg/d), while those with risks are started on a lower dose (25–50 mcg/d) 

that is increased gradually.18,19) For subclinical hypothyroidism, treat-

ment remains controversial, as no benefit was observed with treating 

patients aged over 70 years.17,18,20-23)

	 While the target TSH reference range is 0.5–4.5 mIU/L for the gener-

al population, it is recommended that the target serum TSH level be 

set to approximately 4–6 mIU/L in individuals aged over 70 years, as 

the TSH levels tend to increase in older adults even without thyroid 

disease.17,18) It is important to determine the optimal TSH target levels, 

as the elderly are especially susceptible to the adverse effects of excess 

LT4, such as atrial fibrillation and osteoporotic fractures.18) In both the 

United States and Korea, there is a lack of randomized controlled stud-

ies of LT4 treatment in elderly patients with hypothyroidism compar-

ing different TSH target values.18,19) By showing that healthy asymp-

tomatic Korean older adults without evident thyroid disease experi-

ence better quality of life at elevated TSH levels, our study highlights 

the importance of determining population-specific TSH target values 

for LT4 treatment in older adults.

	 Our study is the first to utilize data from the sixth KNHANES to in-

vestigate the association between thyroid status and health-related 

quality of life. One strength of our study is that as our results were de-

rived from a large and reliable national dataset, they are more likely to 

be representative of the findings of the general population. Further-

more, we used both population-specific and manual-based reference 

ranges for TSH in our analyses. It has been reported that TSH levels 

vary across different geographic and ethnic groups.2) According to a 

previous KNHANES study, the Korean reference population demon-

strates higher TSH levels than does the US population, which is most 

likely attributed to the fact that Korea is an iodine-sufficient region.1,2) 

Our study demonstrates that the association between overt hypothy-

roidism and EQ-5D-3L values is maintained even when the manual-

based TSH reference range is used, although the statistical significance 

is lost (Supplementary Table 2).

	 One limitation of our study is that as it is based on cross-sectional 

data, we only observed TSH levels measured on a single occasion. For 

the same reason, we could not follow up on participants to investigate 

the effect of thyroid status on long-term outcomes or determine cause 

and effect. Further, owing to the small sample size of the overt hypo-

thyroid group, which accounted for less than 1% of the total study pop-

ulation, our results, while statistically significant, are not sufficient to 

make any definitive statements and need to be substantiated by fur-

ther research. As we performed our analyses based on data from the 

Korean population, it is unknown whether our conclusions will apply 

to other racial populations. Lastly, we were not able to measure the 

components of EQ-5D-3L, such as physical performance, directly.

	 In conclusion, our study suggests that overt hypothyroidism in older 

adults might be significantly associated with improved health-related 

quality of life. Moreover, several previous studies have reported that 

asymptomatic older adults with thyroid function test findings corre-

sponding to overt or subclinical hypothyroidism tend to have better 

physical function and comparable rates of depression and cognitive 

impairment relative to their euthyroid counterparts. Thus, further 

studies should be conducted to investigate the possible protective 

health effect of hypothyroidism in older adults.
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