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Abstract

Background

The association between thyroid hormone levels and pulmonary function in euthyroid popu-

lation is still unclear. We aimed to examine the relationship between thyroid function and

lung function in a large cohort study of euthyroid subjects.

Methods

We analyzed biochemical and spirometry data from a nationwide, population-based, cross-

sectional survey (KNHANES VI). A total of 1,261 middle-aged participants aged 45–65

years with spirometry tests and normal thyroid function were included in this study. The sub-

jects were grouped according to free thyroxine (fT4) (ng/dL) quartiles (Q1, 0.89–1.09; Q2,

1.10–1.19; Q3, 1.20–1.30; Q4, 1.31–1.76). Obstructive lung pattern was defined as forced

expiratory volume in one second (FEV1)/forced vital capacity (FVC) <0.7. The probability of

obstructive lung patterns according to fT4 quartiles was assessed using logistic regression

models, adjusted for potential confounders.

Results

Overall, 10.9% of the subjects had an obstructive lung pattern. The mean fT4 levels were

significantly higher in those with obstructive lung pattern than in those with normal lung func-

tion (1.26 vs. 1.20 ng/dL, p<0.001). The proportion of participants with obstructive lung pat-

tern increased across the fT4 quartile categories (p<0.001). With the Q1 group as

reference, the multivariate-adjusted odds ratios (95% confidence intervals) for obstructive

lung pattern in the Q3 and Q4 groups were 2.875 (1.265–6.535) and 2.970 (1.287–6.854),

respectively, even after adjusting for confounding variables.

Conclusion

High fT4 levels are an independent predictor of obstructive lung pattern in euthyroid middle-

aged subjects. Further prospective studies are needed to confirm these findings.
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Introduction

Thyroid dysfunction can lead to pulmonary dysfunction by causing respiratory muscle dys-

function or changes in the ventilator drive. Hyperthyroidism is associated symptoms of dys-

pnea on exertion, probably due to respiratory muscle weakness and a less-than-normal

increase in cardiac output, and rarely accompanied with pulmonary hypertension [1]. In hypo-

thyroidism, pulmonary dysfunction may be caused by pleural effusion, impaired respiratory

muscle function, diminished ventilator drive, or sleep apnea [2]. In previous studies, hyperthy-

roid patients had a lower lung function than in euthyroid controls [3,4]. On the other hand,

some studies have reported the lower lung function in patients with hypothyroidism than

euthyroid controls [5,6], while other studies showed no association between hypothyroidism

and lung function [7,8]. Ittermann et al. has been suggested that thyroid dysfunction is not

associated with lung function in the general population [9], but little is known about the asso-

ciation between thyroid function and lung function in the general population.

Poor lung function is mainly determined by estimating the forced vital capacity (FVC) and

forced expiratory volume in one second (FEV1) [10]. Clinically, a decrease of<0.7 in the spi-

rometry parameter FEV1/FVC ratio indicates an obstructive pattern of poor lung function

[10,11]. Chronic obstructive lung disease (COPD), a representative obstructive lung disease, is

characterized by an incompletely reversible and usually progressive persistent airflow limita-

tion that is associated with chronic inflammation [11]. Comorbid conditions, including car-

diovascular disease, diabetes and hypertension, are highly prevalent among patients with

COPD [12]. COPD can be seen as a pulmonary component of chronic systemic inflammatory

syndrome [13]. Alterations in thyroid function are commonly observed in patients with

COPD [7]. To date, several small-patient studies have investigated the association between thy-

roid function and lung function in COPD [7,14–16], but the results have been inconsistent.

Furthermore, it is unclear whether the significant findings between thyroid function and lung

function found in patient studies can be extended to generally healthy individuals.

The aim of the present study was to investigate whether thyroid hormones are related to

obstructive lung pattern in euthyroid subjects in a large cohort.

Subjects and methods

Study population

This study used data from the Korea National Health and Nutrition Examination Survey

(KNHANES) VI (2013–2015). The KNHANES is a nationwide, cross-sectional survey con-

ducted by the Korean Centers for Disease Control and Prevention (KCDC) to assess the health

and nutritional status of the Korean population [17]. The study subjects are selected using

stratified, multistage cluster sampling of the population and housing census data. Among the

participants, approximately 2400 individuals (1/3 sample of the participants aged�10 years)

are selected for laboratory tests of serum thyroid-stimulating hormone (TSH) and free thyrox-

ine (fT4) using stratified subsampling according to sex and age in each year [17].

The current study evaluated 2,986 participants along with the results of their thyroid func-

tion tests and spirometry data. Among them, subjects were excluded due to (1) participants

aged<45 years or>65 years (n = 970); (2) missing data (questionnaires about occupation,

smoking, alcohol or exercise; and history of cancer, chronic kidney disease, liver cirrhosis, thy-

roid disease, pulmonary tuberculosis or asthma) (n = 172); (3) history of severe chronic disease,

such as any type of cancer, chronic kidney disease or liver cirrhosis (n = 135); (4) history of thy-

roid disease (n = 117); (5) history of pulmonary tuberculosis (n = 128) or asthma (n = 73); (6)

restrictive spirometry pattern (n = 260) or uninterpretable spirometry data (n = 168); (7)
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abnormal thyroid function (TSH and/or fT4 levels below or above the reference range)

(n = 289); (8) medication that could influence thyroid function (n = 58). Several subjects met

more than two exclusion criteria. Finally, 1,261 subjects were included in the analysis (Fig 1).

All subjects participated voluntarily in the survey and written informed consent was obtained

from all individuals. All survey protocols were approved by the Institutional Review Board of the

KCDC (approval numbers: 2013-07CON-03-4C, 2013-12EXP-03-5C, and 2015-01-02-6C).

Clinical and anthropometric measurements

Occupation and health-related behaviors, including smoking, alcohol consumption and walk-

ing activity were assessed using a self-reported questionnaire. Occupation was classified into

four categories: clerical (sales and service, clerical staff, administration and specialist), manual

(agriculture, forestry, fishery, and manual labor), technical (engineering, assembling, and tech-

nical work), and unemployed (no job, students, and housewives) [18]. Smoking status was cat-

egorized as current, former, or never smoker. Smokers were defined as those with a self-

reported history of smoking >100 cigarettes in their lifetime [19]. Current smokers were clas-

sified into three categories according to the daily amount of cigarettes smoked: heavy (�21 cig-

arettes/day), moderate (11–20 cigarettes/day), and light (�10 cigarettes/day) [20]. Former

smokers reported that they only had a past history of smoking. Alcohol consumption was clas-

sified as excessive (>21 drinks/week in men and>14 drinks/week in women) [21], moderate

(�21 drinks/week in men and�14 drinks/week in women), or never drinkers [22]. Walking

activity was categorized as either active or inactive. Active was defined as walking for at least 5

days per week and at least 10 minutes per day [23].

A physical examination was performed by trained medical staff following standardized pro-

cedures. Height was measured using a stadiometer (SECA 225; SECA GmbH, Hamburg, Ger-

many) to the nearest 0.1 cm with the subject in the standing position. Body weight was

measured with the participant in a light gown and bare feet using a digital scale (GL-6000-20;

G-tech, Korea) to the nearest 0.1 kg, and body mass index was calculated by dividing the

weight by the square of the height (kg/m2). Using a tape measure (SECA 200; SECA GmbH),

waist circumference was measured to the nearest 0.1 cm in a horizontal plane at the level of the

midpoint between the iliac crest and the costal margin at the end of expiration [24]. BP was

measured on the right arm using a standard mercury sphygmomanometer (Baumanometer

Desk Model 0320; WA Baum Co., Copiague, NY, USA) with the subjects in a sitting position.

All BP measurements were taken in triplicate, and the mean of the second and third measured

values was used in the analyses [24].

Measurement of thyroid function

Blood samples were processed and transported to the central certified laboratory, and analyzed

within 24 h. For thyroid function tests, approximately 15 mL of blood was collected from each

participant. After separating the serum within 30 min, the samples were sent to a certified cen-

tral laboratory and analyzed. Serum TSH and fT4 levels were measured using an electrochemi-

luminescence immunoassay (Roche Diagnostics, Mannheim, Germany). Serum TSH levels

were assessed using an E-TSH kit (Roche Diagnostics). This study used the TSH reference

range of 0.62–6.68 mIU/L for the Korean population [17]. Serum fT4 levels were assessed using

an E-Free T4 kit (Roche Diagnostics), with a laboratory reference range of 0.89–1.76 ng/dL.

Measurement of lung function

Lung function was measured using a dry rolling seal spirometer (Sensor Medics, Yorba Linda,

CA, USA) according to the American Thoracic Society/European Respiratory Society criteria
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for standardization [25]. Spirometry data obtained on-site by clinical technicians were trans-

ferred to an Internet review center for processing, and the data were carefully examined and

compared against criteria metrics for acceptability, reproducibility, and quality control [18].

Definitions

Euthyroidism was defined as serum TSH (reference range, 0.62–6.68 mIU/L) [17] and fT4 (ref-

erence range, 0.89–1.76 ng/dL) levels within the normal reference ranges.

Obstructive lung pattern was defined as an FEV1/FVC <0.7 [10,11].

Statistical analysis

Weighted sample values were used for analysis to reflect the stratified multistage probability

sampling design of KNHANES VI. Continuous variables are reported as means (standard

error), and categorical variables are presented as weighted percentages (%). The demographic

and biochemical characteristics of the study population with respect to obstructive lung pat-

tern were compared using general linear model for continuous variables and the chi-square

test for categorical variables [26]. Spirometry data according to TSH quartiles or fT4 quartiles

were compared using general linear model or chi-square test [26]. Complex samples logistic

regression analyses were used to determine the risk of obstructive lung function patterns based

on fT4 quartiles [27]. The results were expressed as odds ratios (ORs) with 95% confidence

intervals (CIs). All p values and 95% CI for OR were corrected using Bonferroni’s method due

to multiple testing. Additional adjustments were made for confounding variables, such as age,

sex, occupation, smoking, alcohol consumption, walking activity, body mass index, glycated

hemoglobin, and TSH.

All statistical analyses were performed using SPSS Statistics version 26.0 (IBM Corp., Chicago,

IL, USA). All tests were two sided, and a p value of<0.05 was considered statistically significant.

Results

In the cohort, men were 54.3%, and the mean subject age was 54.53 (0.18) years. Obstructive

lung patterns were prevalent in 10.9% (n = 141) of the cohort. The anthropometric, clinical,

and laboratory data of the subjects according to obstructive lung pattern are listed in Table 1.

Fig 1. Flow chart of the study population. KNHANES, Korean National Health and Nutrition Examination Survey.

https://doi.org/10.1371/journal.pone.0270126.g001
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Table 1. Baseline characteristics of study population by the status of obstructive lung pattern.

Variables Obstructive lung pattern Overall

(N = 1,261)No

(n = 1,120, 89.1%)

Yes

(n = 141, 10.9%)

p value

Male (%) 50.1% 88.7% <0.001 54.3%

Age (years) 53.98 (0.21) 57.36 (0.56) <0.001 54.34 (0.20)

Occupationa

Clerical

Manual

Technical

Unemployed

38.1%

16.2%

19.3%

26.5%

30.0%

24.5%

17.4%

28.2%

0.129

37.2%

17.1%

19.1%

26.7%

Smoking

Currentb

Amount of daily smoking

Heavy

Moderate

Light

Former

Never

22.9%

2.6%

12.8%

7.5%

22.8%

54.3%

41.2%

7.1%

24.2%

9.9%

41.5%

17.3%

<0.001

24.9%

3.1%

14.0%

7.8%

24.9%

50.3%

Alcohol consumptionc

Excessive

Moderate

Never

14.5%

60.0%

25.5%

30.3%

50.2%

19.5%

<0.001

16.2%

58.9%

24.9%

Walking activity

Active

Inactive

51.8%

48.2%

41.7%

58.3%

0.045

50.7%

49.3%

BMI (kg/m2)d 24.15 (0.09) 24.04 (0.23) 0.665 24.14 (0.08)

<18.5 kg/m2

18.5~24.9 kg/m2

25~29.9 kg/m2

�30 kg/m2

1.2%

63.2%

32.6%

3.0%

1.2%

66.9%

29.9%

1.9%

0.797 1.2%

63.6%

32.3%

2.8%

Waist circumference (cm)

Male

Female

85.28 (0.37)

79.53 (0.42)

86.39 (0.74)

79.43 (2.12)

0.188

0.963

85.48 (0.33)

79.52 (0.41)

Systolic BP (mmHg) 119.65 (0.58) 120.89 (1.43) 0.431 119.78 (0.53)

Diastolic BP (mmHg) 77.78 (0.33) 78.58 (0.89) 0.401 77.86 (0.30)

Total cholesterol (mg/dL) 197.21 (1.20) 190.69 (3.51) 0.075 196.50 (1.16)

HDL cholesterol (mg/dL)

Male

Female

47.31 (0.62)

52.92 (0.61)

47.38 (1.06)

51.22 (2.74)

0.951

0.548

47.32 (0.55)

52.87 (0.60)

Triglycerides (mg/dL) 153.47 (4.62) 159.13 (8.31) 0.546 154.09 (4.24)

Fasting glucose (mg/dL) 101.54 (0.67) 105.95 (2.88) 0.132 102.02 (0.69)

Glycated hemoglobin (%) 5.86 (0.32) 5.99 (0.11) 0.220 5.88 (0.03)

TSH (mIU/L)

Unadjusted

Smoking-adjusted

2.48 (0.04)

2.47 (0.04)

2.26 (0.10)

2.40 (0.10)

0.047

0.520

2.46 (0.04)

fT4 (ng/dL)

Unadjusted

Smoking-adjusted

1.20 (0.01)

1.20 (0.01)

1.26 (0.01)

1.25 (0.01)

<0.001

<0.001

1.21 (0.01)

BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TSH, thyroid-stimulating hormone; fT4, free thyroxine.
aOccupation classification: Clerical (sales and service, clerical staff, administration and specialist), manual (agriculture, forestry, fishery, and manual labor), technical

(engineering, assembling, and technical work), and unemployed (no job, students, and housewives);
bCurrent smoker category: Heavy (�21 cigarettes/day), moderate (11–20 cigarettes/day), and light (�10 cigarettes/day);
cAlcohol consumption classification: Excessive (>21 drinks/week in men and >14 drinks/week in women), moderate (�21 drinks/week in men and�14 drinks/week in

women), and never drinkers;
dBMI category according to the WHO classification: Underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and obese (�30 kg/

m2).

Data are presented as means (standard error) or weighted percentages as appropriate for the variable. Demographic and biochemical characteristics of the study

population with respect to the obstructive lung pattern were compared using general linear model for continuous variables and chi-square test for categorical variables.

https://doi.org/10.1371/journal.pone.0270126.t001
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Compared with normal lung function group, the obstructive lung pattern group included

more men, older subjects, and current or former smokers, and were more likely to consume

alcohol and be inactive. They had lower levels of TSH and higher levels of fT4. However, there

was no significant difference between the groups in smoking-adjusted mean TSH levels.

We further investigated the spirometry data according to fT4 (ng/dL) quartiles: Q1, 0.89 to

1.09 (n = 294, 23.4%); Q2, 1.01 to 1.19 (n = 321, 25.5%); Q3, 1.20 to 1.30 (n = 317, 25.2%); and

Q4, 1.31 to 1.76 (n = 329, 25.9%) (Table 2).

FVC (L), FEV1 (L), FEV1 (%, predicted) and FEV1/FVC levels was significantly different

among the groups. As the fT4 quartile categories increased, the FEV1 (%, predicted) and

FEV1/FVC levels decreased. The proportion of participants with obstructive lung pattern

increased across the fT4 quartile categories (p<0.001). There were no significant differences

among the groups with respect to FVC (%, predicted) and forced expiratory flow, mid-expira-

tory phase (FEF25-75).

As a result of analyzing fT4 by dividing it by deciles, the obstructive lung pattern

(p = 0.018), FVC (L) (p<0.001) and FEV1 (L) (p = 0.002) values tended to increase as fT4

increased (Fig 2).

The results of logistic regression analyses for the risk of obstructive lung pattern by fT4

quartiles are shown in Table 3.

Subjects in higher fT4 quartiles (Q3 and Q4) had a significantly greater risk of obstructive

lung pattern than those in the lowest fT4 quartile (Q1) (for Q3, OR 2.898, 95% CI 1.326–6.334,

p = 0.003; for Q4, OR 3.664, 95% CI 1.731–7.754, p<0.001). With the Q1 group as reference,

the multivariate-adjusted ORs (95% CIs) for obstructive lung pattern in the Q3 and Q4 groups

were 2.875 (1.265–6.535) and 2.970 (1.287–6.854), respectively.

Discussion

In this cross-sectional study of 1,261 euthyroid middle-aged subjects based on data from the

KNHANES VI, high fT4 independently predicted obstructive lung pattern and was associated

with an increased probability of obstructive lung pattern after adjusting for age, sex, occupa-

tion, smoking, alcohol consumption, walking activity, body mass index, glycated hemoglobin

and TSH. To the best of our knowledge, this is the first study to report an association between

thyroid hormones and lung function in a generally healthy population.

Table 2. Comparison of spirometry data according to free thyroxine quartiles.

Variables fT4 quartile p value

Q1

(0.89–1.09 ng/dL)

(n = 294, 23.4%)

Q2

(1.10–1.19 ng/dL)

(n = 321, 25.5%)

Q3

(1.20–1.30 ng/dL)

(n = 317, 25.2%)

Q4

(1.31–1.76 ng/dL)

(n = 329, 25.9%)

Spirometry parameters

FVC (L) 3.63 (0.05) 3.73 (0.06) 3.79 (0.05) 3.98 (0.05) <0.001

FVC (%, predicted) 96.08 (0.62) 95.71 (0.69) 95.47 (0.58) 95.32 (0.60) 0.840

FEV1 (L) 2.84 (0.03) 2.89 (0.04) 2.92 (0.04) 3.06 (0.04) 0.001

FEV1 (%, predicted) 95.69 (0.63) 94.35 (0.71) 93.42 (0.67) 92.78 (0.71) 0.012

FEV1/FVC 0.786 (0.003) 0.779 (0.004) 0.775 (0.004) 0.769 (0.004) 0.004

FEF25-75 (L/sec) 2.78(0.05) 2.74 (0.05) 2.74 (0.06) 2.81 (0.07) 0.898

Obstructive lung pattern (%) 4.9% 9.3% 13.0% 15.9% <0.001

fT4, free thyroxine; FVC, forced vital capacity; FEV1, forced expiratory volume in one second; FEF25-75, forced expiratory flow, mid-expiratory phase.

Data are presented as means (standard error) or weighted percentages as appropriate for the variable. Spirometry data of the study population with respect to the free

thyroxine quartiles were compared using general linear model for continuous variables and chi-square test for categorical variables.

https://doi.org/10.1371/journal.pone.0270126.t002
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Several small-patient studies have attempted to link thyroid function with lung function in

patients with COPD. Gow et al. reported that there were no differences in fT4 and TSH levels

between patients with COPD and controls [14]. A study by Okutan et al. demonstrated that

free triiodothyronine levels were lower in COPD groups than in controls [16]. However, the

authors also did not find any differences in fT4 and TSH levels between the COPD group and

healthy control group. A recent study by Terzano et al. found a negative relationship between

partial pressure of oxygen and TSH levels in patients with COPD [7]. However, they observed

no significant differences in lung function between COPD patients with thyroid disease and

controls. Dimopoulou et al. evaluated 46 COPD patients with euthyroidism and found a

strong positive association between total triiodothyroine/total thyroxine ratio and partial pres-

sure of oxygen. However, no correlation was found between thyroid hormone levels and spi-

rometry parameters in the patients with COPD [15]. Further, they did not include controls.

These inconsistent findings [7,14–16] may possibly be due to the small number of cases and

differences in the severity of COPD.

Cigarette smoking is the key environmental risk factor for COPD and causes not only air-

way and lung inflammation but also systemic cellular and humoral inflammation, and oxida-

tive stress [13]. Some studies [19,28,29], including a study [19] in the same cohort as ours,

have shown that smoking is significantly associated with low serum TSH levels. Vanderver

Fig 2. Relationship between free thyroxine (fT4) and lung function. The obstructive lung pattern (A), forced vital capacity (FVC) (B) and forced expiratory volume in

one second (FEV1) (C) values tended to increase as fT4 increased.

https://doi.org/10.1371/journal.pone.0270126.g002

Table 3. Odds ratios (ORs) and 95% confidence intervals (CIs) for obstructive lung pattern based on free thyroxine quartiles.

fT4 quartile

Q1

(0.89–1.09 ng/dL)

(n = 294, 23.4%)

Q2

(1.10–1.19 ng/dL)

(n = 321, 25.5%)

Q3

(1.20–1.30 ng/dL)

(n = 317, 25.2%)

Q4

(1.31–1.76 ng/dL)

(n = 329, 25.9%)

Obstructive pattern

Model 1

Model 2

Model 3

Model 4

1.000

1.000

1.000

1.000

1.984 (0.864, 4.556)

1.944 (0.819, 4.614)

2.041 (0.817, 5.095)

1.998 (0.797, 5.011)

2.898 (1.326, 6.334) †

2.777 (1.246, 6.189) †

2.818 (1.243, 6.389) †

2.875 (1.265, 6.535) †

3.664 (1.731, 7.754) �

2.878 (1.322, 6.268) †

3.000 (1.340, 6.716) †

2.970 (1.287, 6.854) †

fT4, free thyroxine.

Model 1, unadjusted; Model 2, with adjustment for age and sex; Model 3 as model 2, with additional adjustment for occupation, smoking, alcohol consumption, walking

activity, and body mass index; Model 4 as model 3, with additional adjustment for glycated hemoglobin, and thyroid-stimulating hormone.

OR and 95% CI for risk of obstructive lung pattern were estimated using logistic regression models. All p values and 95% CI for OR were corrected by Bonferroni’s

method due to multiple testing.

�p<0.001,

†0.001�p<0.01.

https://doi.org/10.1371/journal.pone.0270126.t003
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et al. reported that hypothyroxinemia was smoking among women with high iodine intakes

[30], while Kadkhodazadeh et al. demonstated that fT4 levels was higher in current smokers

compared to former and never smokers [29], consistent with our findings (S1 Table). Because

smoking can affect both obstructive lung pattern and thyroid function, we adjusted for smok-

ing status (current heavy, current moderate, current light, former and never smokers) to inves-

tigate the association between thyroid hormones and obstructive lung pattern. Subjects with

obstructive lung pattern showed lower levels of unadjusted TSH than those with normal lung

function. However, there was no significant difference between the groups in smoking-

adjusted mean TSH levels. Few studies have investigated the relationship between thyroid

function and lung function in the general population. Ittertmann et al. pooled data from two

independent population-based studies and found no consistent associations between thyroid

function and lung function [9]. They assessed thyroid function using TSH, but not fT4. Serum

TSH levels within the reference range were negatively associated with FEV1/FVC, but there

were no significant differences in FEV1/FVC between the third quintile and the other TSH

quintiles [9]. In the present study, spirometry parameters of FVC, FEV1, FEV1/FVC, and

FEF25-75 were not significantly different among the TSH quartile groups (S2 Table), consistent

with previous findings [9]. Meanwhile, subjects with obstructive lung pattern had higher unad-

justed and smoking-adjusted fT4 levels than those with normal lung function. Furthermore, a

positive association between fT4 quartiles and the proportion of obstructive lung pattern was

observed. The hazard ratio for obstructive lung pattern increased from the lowest to the high-

est quartiles of fT4 even after adjustment for confounders.

Although the pathophysiological mechanism underlying the association between high fT4

levels and obstructive lung pattern remains to be established, the potential mechanisms are

adaptation process, protective effect and systemic inflammation. Thyroid hormones are criti-

cal determinants of energy homeostasis and metabolism (9), and COPD patients may need to

exert more effort to breathe, thus increasing metabolism (10). Further, the moderate increase

in fT4 levels within the upper normal range in subjects with obstructive lung pattern may be

regarded as an adaptation strategy for the increased energy expenditure and metabolism

resulting from the higher respiratory effort to meet the oxygen demand. High levels of circulat-

ing thyroid hormones in hyperthyroid mice blocked myosin light chain phosphorylation,

resulting in a tighter lung barrier or protective conditions against lung injury [31]. Further,

these high thyroid hormone levels attenuated lung injury by modulating expression of the

claudin 4 proteins involved in junctional tightness [32]. Another in vitro analysis showed that

thyroid hormone markedly increased airway smooth muscle proliferation in the presence of

transforming growth factor beta 1 [33], suggesting thyroid hormone-induced airway remodel-

ing. Therefore, it could be considered that thyroid hormones are increased as a protective

effect or a repair process against lung injury in patients with obstructive lung pattern. In con-

trast, COPD can be seen as a pulmonary component of a chronic systemic inflammatory syn-

drome [13]. A recent prospective study in healthy middle-aged subjects showed that elevated

inflammatory markers were closely associated with an increased risk of future impairment of

obstructive lung pattern (FEV1/FVC�0.7) [34]. Thus, systemic inflammatory responses in

individuals with obstructive lung pattern may affect thyroid function. In addition, comorbid

conditions, such as cardiovascular disease, diabetes and hypertension, are highly prevalent

among patients with COPD [12]. These comorbidities may partially explain the risk of

obstructive lung pattern in high fT4 levels. However, there is limited evidence concerning the

relationship between obstructive lung pattern and thyroid function, and thus, further research

on the potential mechanisms is needed.

To date, no study on the association between fT4 levels and obstructive lung patterns has

been published. To our best knowledge, our study is the first to determine the relationship
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between thyroid function and lung function in euthyroid subjects based on a nationally repre-

sentative population in Korea. We were able to control the potentially confounding effects of

risk factors for obstructive lung pattern, including occupation, smoking, alcohol consumption,

physical activity, thyroid dysfunction and additional comorbid conditions, in examining the

relationship between thyroid function and lung function. However, owing to its cross-sec-

tional nature, we could not determine the causal relationship between thyroid hormone levels

and lung function. Additional prospective, high-quality, randomized controlled trials are

needed to further clarify the relationship between fT4 and obstructive lung pattern.

In conclusion, a high fT4 level is an independent predictor of obstructive lung pattern in

euthyroid middle-aged subjects. Further prospective studies are needed to confirm these

findings.
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