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Background: Studies on the relationship between thyroid function and anemia in the euthyroid range are scarce. We aimed to evalu-
ate the association between anemia and serum free thyroxine (fT4) and thyrotropin (TSH) in euthyroid adults.
Methods: Data on 5,352 participants aged ≥19 years were obtained from the Korea National Health and Nutrition Examination 
Survey VI (2013 to 2015). Anemia was defined as hemoglobin (Hb) <13 and <12 g/dL for men and women, respectively.
Results: Overall, 6.1% of participants had anemia, and more women (9.9%) had anemia than men (2.8%, P<0.001). In multivariate 
analysis, serum fT4 levels, but not TSH, were positively associated with serum Hb levels in both sexes (P<0.001, each). Serum Hb 
levels linearly reduced across decreasing serum fT4 quartile groups in both sexes (P<0.001, each). After adjusting for potential con-
founding factors, participants with low-normal fT4 had 4.4 (P=0.003) and 2.8 times (P<0.001) higher risk for anemia than those 
with high-normal fT4 among men and women, respectively. When participants were divided into two groups at 50 years of age, in 
younger participants, men and women with the first quartile were at higher risk of anemia than men with the second quartile (odds 
ratio [OR], 3.3; P=0.029) and women with the forth quartile (OR, 3.2; P<0.001), respectively. This association was not observed in 
older participants. 
Conclusion: These results suggest that a low-normal level of serum fT4 was associated with a lower serum Hb level and a higher 
risk of anemia in euthyroid adults, especially in younger participants.
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INTRODUCTION 

Anemia is a multifactorial condition that affects 25% of the 
world’s population, accounting for 8.8% of the total burden of 
the disease [1,2], and has been recognized as a complication of 
thyroid dysfunction [3-5]. A higher anemia prevalence of up to 
57% was identified in patients with overt hyperthyroidism or in 

those with overt hypothyroidism than in those with euthyroid-
ism [4,6]. The combination of anemia and thyroid dysfunction 
can be associated with diminished quality of life, worse clinical 
outcome, and increased health care cost [7]. Because of their 
high prevalence and close interrelation, both anemia and thyroid 
disease are significant clinical problems often encountered by 
physicians [4,8,9].
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Despite evidence supporting an association between anemia 
and overt thyroid disease, studies assessing subclinical or euthy-
roid conditions are limited [6,10-12]. A large cohort study re-
ported that even in euthyroid patients, free thyroxine (fT4) lev-
els are positively associated with erythrocyte indices such as he-
moglobin (Hb), hematocrit, and erythrocyte count, with a nega-
tive correlation between thyrotropin (TSH) levels and the serum 
level of iron and transferrin saturation [10]. This association has 
a clinical impact on defining optimal thyroid function and thera-
peutic targets. Because the majority of people at risk of anemia 
have thyroid hormone levels within the reference range, it is 
clinically important to determine whether thyroid function is 
also associated with anemia in the euthyroid range. Thus, this 
study aimed to evaluate the association between anemia and se-
rum fT4 and TSH levels in community-dwelling euthyroid 
adults.

METHODS

Data source
We obtained publicly available data from the sixth Korea Na-
tional Health and Nutrition Examination Survey (KNHANES 
VI, 2013 to 2015), a nationwide cross-sectional survey that used 
hierarchical multistage cluster sampling to represent the Korean 
population. The KNHANES has been conducted every year 
since 1998 by the Korea Centers for Disease Control and Pre-
vention to assess the health and nutritional status of Koreans 
[13]. Written informed consent was obtained from all partici-
pants prior to the survey and the protocol of this study was ap-
proved by the Institutional Review Board of the Pusan National 
University Hospital, Busan, Korea (No. 1908-022-082).

Study population
Overall, 6,037 participants aged ≥19 years had data on thyroid 
function tests and serum Hb level. Among them, participants 
who had a history of thyroid disease, those who were taking 
medicines that could influence thyroid function (n=251), and 
pregnant women (n=23) were excluded. In addition, partici-
pants were excluded if they had abnormal TSH (<0.62 or 
>6.86 mIU/L) and/or abnormal fT4 (<0.89 or >1.76 ng/mL) 
levels (n=411) [13].

Laboratory measurements
Serum TSH, fT4, and anti-thyroid peroxidase antibody (TPOAb) 
levels were measured according to an approved protocol, as 
previously reported [13]. A blood sample was collected from 

each participant in the morning after fasting for at least 8 hours, 
properly refrigerated, and sent to the testing facility. Serum 
TSH, fT4, and TPOAb levels were measured by an electroche-
miluminescence immunoassay (Roche Diagnostics, Mannhein, 
Germany). Serum TSH levels were measured by an E-TSH kit 
(Roche Diagnostics), with a reference range of 0.35 to 5.50 
mIU/L. Serum fT4 levels were measured by an E-Free T4 kit 
(Roche Diagnostics), with a reference range of 0.89 to 1.76 ng/
mL. TPOAb levels were measured by an E-Anti-TPO kit 
(Roche Diagnostics), with a reference range of <34.0 IU/mL in 
humans. The measured serum TSH, fT4, and TPOAb levels met 
the quality control and assurance program of the College of 
American Pathology [13].

Serum Hb was measured by an XN-9000 (Sysmex, Kobe, Ja-
pan). Serum creatinine (Cr) was measured using Jaffe or the 
rate-blanked compensated method (Hitachi Automatic Analyzer 
7600-240, Hitachi, Tokyo, Japan). The estimated glomerular fil-
tration rate (eGFR) was calculated from the equation developed 
using the Modification of Diet in Renal Disease study: eGFR 
(mL/min/1.73 m2)=175×(serum Cr mg/dL)–1.154×age–0.203×

(0.742 for women) [14]. Urinary iodine concentrations (UICs) 
were measured using inductively coupled plasma mass spec-
trometry (ICP-MS, Perkin Elmer, Waltham, MA, USA) with io-
dine as the standard (Inorganic Venture, Christiansburg, VA, 
USA). UICs were adjusted using Cr levels to compensate for 
uneven water excretion rates during the spot urine specimen 
collection. 

Definitions
Anemia was defined according to the World Health Organization 
criteria as an Hb level <13 g/dL for men and <12 g/dL for non-
pregnant women [15]. Euthyroidism was defined as serum TSH 
and fT4 within the normal reference range of 0.62 to 6.86 mIU/L 
and 0.89 to 1.76 ng/mL, respectively, from the KNHANES VI 
data [13]. 

Diabetes was defined as follows: (1) diagnosed with diabetes 
by doctor; (2) currently taking anti-diabetic medications; or (3) 
fasting plasma glucose ≥126 mg/dL. Hypertension was diag-
nosed when systolic blood pressure was ≥140 mm Hg, diastolic 
blood pressure ≥90 mm Hg, or if the patient was using anti-hy-
pertensive medications. Participants were classified as having 
chronic kidney disease (CKD) when eGFR <60 mL/min/1.73 m2 
or proteinuria ≥1+. Rheumatoid arthritis, malignancy history, 
smoking and economic status and limitation of physical activity 
were assessed based on self-reported questionnaires. 
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Statistical analysis
Statistical analyses were performed using the R program ver-
sion 3.5.1 (R Foundation for Statistical Computing, Vienna, 
Austria; http://www.R-project.org). Data were evaluated using 
the weights assigned to individuals sampled to represent the 
Koreans. Continuous variables were presented as means with 
standard error of the mean±standard error of the mean or medi-
ans with interquartile ranges (IQRs) and were analyzed using 
the Student’s t test. Categorical variables were presented as fre-
quencies with percentages and were analyzed using the chi-
square test. We performed multiple linear regression analysis to 
assess the finding that serum fT4 level is independently associ-
ated with serum Hb. The tendency of the serum Hb according to 
serum fT4 quartiles was evaluated by examining P for any 

trends based on multiple linear regression analyses. Multiple lo-
gistic regression analysis was done to estimate the odds ratios 
(ORs) with 95% confidence intervals (CIs) for anemia accord-
ing to serum fT4 quartile categories. P<0.05 was considered 
statistically significant.

RESULTS

Baseline characteristics
After excluding 685 participants, 5,352 (2,747 men and 2,605 
women) were included in this analysis. The baseline character-
istics of the participants are listed in Table 1. The mean age was 
44.0±0.218 years, and men were younger than women (P=  
0.024). Overall, 6.1% of participants had anemia, and more 

Table 1. Baseline Characteristics of Euthyroid Subjects (≥19 Years) Who Underwent Thyroid Function Tests and Serum Hemoglobin 
Levels Measurements in KNHANES VI (2013 to 2015)

Characteristic Total (n=5,352) Men (n=2,747) Women (n=2,605) P value

Age, yr 44.0±0.218 43.7±0.270 44.5±0.295 0.024

Anemiaa 334 (6.1) 83 (2.8) 251 (9.9) <0.001

Serum hemoglobin, g/dL 14.4±0.023 15.4±0.026 13.2±0.025 <0.001

Serum free T4, ng/dL 1.24±0.003 1.28±0.004 1.19±0.004 <0.001

Serum TSH, mIU/L 2.46±0.019 2.36±0.026 2.57±0.028 <0.001

eGFR, mL/min/1.73 m2 94.5±0.292 94.3±0.354 94.7±0.444 0.439

TPOAb positivitya,b 294 (5.2) 92 (3.3) 202 (7.3) <0.001

UIC, μg/L 280.7 (150.4–650.5) 272.1 (156.4–609.9) 273.9 (139.1–635.6) 0.091

Smoking statusb

  Past smoking 1,030 (19.5) 883 (31.8) 147 (5.4) <0.001

  Current smoking 1,248 (23.6) 1,080 (39.2) 168 (5.8)

Comorbidityb

  Diabetes 469 (8.9) 290 (10.3) 179 (7.3) <0.001

  Hypertension 1,224 (22.9) 742 (25.6) 482 (19.7) <0.001

  Chronic kidney disease  119 (2.4) 72 (2.6) 47 (2.2) 0.356

  Rheumatoid arthritis 70 (1.4) 23 (0.7) 47 (2.3) <0.001

  Malignancy 108 (1.9) 54 (1.6) 54 (2.1) 0.297

Economic statusb 

  Low 715 (12.8) 327 (11.0) 388 (15.0) <0.001

  Middle-low 1,424 (26.4) 708 (26.0) 716 (26.8)

  Middle-high 1,583 (29.9) 827 (30.6) 756 (29.1)

  High 1,630 (30.9) 885 (32.4) 745 (29.2)

Activity limitationb 297 (5.5) 137 (4.9) 160 (6.1) 0.071

Values are expressed as mean±standard error of the mean, number (%), or median (interquartile range).
KNHANES, Korea National Health and Nutrition Examination Survey; T4, thyroxine; TSH, thyrotropin; eGFR, estimated glomerular filtration rate; 
TPOAb, anti-thyroid peroxidase antibody; UIC, urinary iodine concentration. 
aTPOAb positivity was defined as levels >34 IU/mL; bWeighted percentage.
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women (9.9%) had anemia than men (2.8%, P< 0.001). Mean 
serum Hb and fT4 levels were 14.4 g/dL and 1.24 ng/dL, re-
spectively, and were 16.7% and 7.6% higher in men than in 
women (P<0.001 and P<0.001), whereas serum TSH level was 
8.9% lower (P<0.001). The overall prevalence of TPOAb posi-
tivity was 5.2%, and the proportion of TPOAb positivity was 
higher in women than in men (7.3% vs. 3.3%, P< 0.001). The 
median UIC was 280.7 μg/L (IQR, 150.4 to 650.5 μg/L), and 
there was no difference in UICs between both men and women.

The percentages of participants with a past or current smok-
ing habit, and those with diabetes and hypertension were signif-
icantly higher in men than in women (P<0.001, each). While 
women presented with a higher prevalence of rheumatoid ar-
thritis compared with men (P<0.001). The proportion of partic-
ipants with CKD, a malignancy, and activity limitation was 
2.4%, 1.9%, and 5.5%, respectively, with no significant differ-
ence between men and women. 

Association between serum Hb and serum fT4
Multiple linear regression analyses were conducted to evaluate 
the factors independently associated with serum Hb levels (Ta-
ble 2). In men, serum Hb was associated positively with fT4 
(β=0.865, P<0.001), current smoking (β=0.201, P<0.001) and 
hypertension (β=0.135, P=0.038), while inversely with age (β=  
–0.020, P<0.001), eGFR (β=–0.005, P=0.005), CKD (β=  
–0.478, P=0.019), rheumatoid arthritis (β=–0.587, P=0.010), 
and malignancies (β=–1.259, P<0.001). In women, serum fT4 
(β=0.842, P<0.001), current smoking (β=0.431, P<0.001), 
and hypertension (β=0.203, P=0.003) were positively associat-
ed with serum Hb, and eGFR was inversely associated with se-
rum Hb (β=–0.005, P=0.004). There was no independent cor-
relation between serum TSH and serum Hb in both men (P=  
0.067) and women (P=0.247) (Supplemental Table S1).

Serum fT4 levels were divided into four groups based on the 
quartiles in each sex in order to examine whether the associa-
tion between serum fT4 and serum Hb levels has a threshold ef-
fect. In both sexes, serum Hb levels linearly decreased across 
decreasing serum fT4 quartile groups (P for trend <0.001 in 
men and P for trend <0.001 in women) (Fig. 1). 

Risk for developing anemia according to serum fT4 levels
Multivariate analysis was performed to identify ORs for anemia 
according to serum fT4 quartile groups (Table 3). In men, the 
prevalence of anemia was 5.6%, 3.2%, 1.7%, and 1.0% in quar-
tiles 1, 2, 3, and 4, respectively. In an unadjusted model, the OR 
for anemia was 6.0 times higher among participants in the low-

est quartile than among those in the highest quartile (95% CI, 
2.42 to 14.68; P<0.001). After being adjusted for age, iodine 
intake, TPOAb positivity, and smoking status, the lowest quar-
tile group had a significantly higher risk of anemia compared 
with the highest quartile group (OR, 3.9; 95% CI, 1.46 to 10.24; 

Table 2. Multiple Linear Regression Analysis to Determine 
Which Covariates Including Serum fT4 Level Are Independent-
ly Associated with Serum Hb Level

Independent variable
Dependent variable: serum Hb

β SE P value

Men

  fT4 0.865 0.154 <0.001

  Age –0.020 0.002 <0.001

  eGFR –0.005 0.002 0.005

  UIC <–0.001 <0.001 0.096

  TPOAb (>34 IU/mL) –0.001 0.107 0.989

  Current smoking 0.201 0.044 <0.001

  Comorbidity

      Diabetes –0.039 0.093 0.678

      Hypertension 0.135 0.065 0.038

      Chronic kidney disease –0.478 0.202 0.019

      Rheumatoid arthritis –0.587 0.228 0.010

      Malignancy –1.259 0.223 <0.001

  Economic status 0.001 0.025 0.978

  Activity limitation –0.231 0.126 0.066

Women

  fT4 0.842 0.184 <0.001

  Age  0.003 0.002 0.139

  eGFR –0.005 0.002 0.004

  UIC <0.001 <0.001 0.957

  TPOAb (>34 IU/mL) 0.154 0.101 0.128

  Current smoking 0.431 0.087 <0.001

  Comorbidity

      Diabetes 0.043 0.107 0.690

      Hypertension 0.203 0.067 0.003

      Chronic kidney disease –0.406 0.259 0.118

      Rheumatoid arthritis –0.040 0.179 0.823

      Malignancy 0.002 0.192 0.999

  Economic status 0.001 0.028 0.961

  Activity limitation 0.102 0.091 0.264

Values are expressed as adjusted for all other variables in table.
fT4, free thyroxine; Hb, hemoglobin; SE, standard error; eGFR, esti-
mated glomerular filtration rate; UIC, urinary iodine concentration; 
TPOAb, anti-thyroid peroxidase antibody.
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P=0.007 in model 1). In Model 2, which was adjusted for co-
morbidities, income level, and activity limitation in Model 1, 
the OR for anemia was still significantly higher in the lowest 
quartile group than in the highest quartile group (OR, 4.4; 95% 
CI, 1.66 to 11.73; P=0.003). 

In women, 15.4%, 8.7%, 8.7%, and 7.0% in quartiles 1, 2, 3, 

and 4, respectively, had anemia. In the unadjusted model, partici-
pants with the lowest quartile had 2.4 times higher OR for anemia 
than those with the highest quartile (95% CI, 1.58 to 3.70; P< 
0.001). With the multivariate analysis adjusted for age, iodine in-
take, TPOAb positivity, smoking status, comorbidities, income 
level, and activity limitation, participants with the lowest quartile 
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Fig. 1. Serum hemoglobin (Hb) levels according to serum free thyroxine (T4) quartiles in (A) euthyroid men and (B) women. Values are 
presented as the estimated mean with standard error of the means.

A B

Table 3. Multiple Logistic Regression Analyses to Determine the ORs of Having Anemia According to Serum fT4 Quartile Categories

fT4 quartiles Prevalence, 
%a

Unadjusted Model Model 1 Model 2

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Men

  Q1 (0.89–1.15) 5.6 6.0 (2.42–14.68) <0.001 3.9 (1.46–10.24) 0.007 4.4 (1.66–11.73) 0.003

  Q2 (1.16–1.26) 3.2 3.3 (1.36–8.16) 0.009 2.7 (1.06–6.92) 0.038 3.0 (1.16–7.62) 0.024

  Q3 (1.27–1.38) 1.7 1.8 (0.64–4.97) 0.274 1.5 (0.55–4.34) 0.417 1.7 (0.58–4.73) 0.344

  Q4 (1.39–1.76) 1.0 1.0 (reference) 1.0 (reference) 1.0 (reference)

Women

  Q1 (0.89–1.08) 15.4 2.4 (1.58–3.70) <0.001 2.8 (1.78–4.48) <0.001 2.8 (1.78–4.51) <0.001

  Q2 (1.09–1.18) 8.7 1.3 (0.79–2.04) 0.326 1.3 (0.76–2.11) 0.367 1.3 (0.75–2.10) 0.389

  Q3 (1.19–1.28) 8.7 1.3 (0.78–2.04) 0.351 1.2 (0.70–1.95) 0.543 1.2 (0.71–1.96) 0.512

  Q4 (1.29–1.76) 7.0 1.0 (reference) 1.0 (reference) 1.0 (reference)

Model 1 was adjusted for age, iodine intake, autoimmunity, and smoking. Model 2 was adjusted by Model 1, comorbidities (diabetes, hypertension, 
chronic kidney disease, rheumatoid arthritis, cancer history), income level, and activity limitation.
OR, odds ratio; fT4, free thyroxine; CI, confidence interval.
aWeighted percentage.
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were at a significantly greater risk for anemia than those with the 
highest quartile ([OR, 2.8; 95% CI, 1.78 to 4.48; P<0.001 in mod-
el 1] and [OR, 2.8; 95% CI, 1.78 to 4.51; P<0.001 in model 2]).

Association between serum fT4 and anemia in younger 
and older participants
The prevalence of anemia in each age group of 19 to 29, 30 to 
39, 40 to 49, 50 to 59, 60 to 69, and ≥70 was 1.1%, 0.5%, 1.8%, 
3.8%, 7.5%, and 10.7% in men, respectively, and 8.9%, 15.4%, 
14.6%, 4.5%, 5.9%, and 10.6% in women, respectively (Sup-
plemental Table S2). We further analyzed ORs for anemia ac-
cording to the serum fT4 quartile groups in younger and older 
participants (Table 4). In participants with aged <50 years, the 
prevalence of anemia of quartiles 1, 2, 3, and 4 was 3.2%, 1.6%, 

0%, and 0% in men, respectively, and 20.3%, 12.9%, 10.7%, 
and 7.7% in women, respectively. In the multivariate analysis, 
younger men in the first quartile had a significantly higher risk 
of anemia compared to those in the second quartile (OR, 3.3; 
95% CI, 1.13 to 9.75; P=0.029). Also, younger women with 
low-normal fT4 had a 3.2 times higher OR than those with the 
high-normal fT4 (95% CI, 1.89 to 5.49; P<0.001). However, 
these associations were not observed in older men and women.

DISCUSSION

In this nationwide cross-sectional study, we showed a signifi-
cant association between serum fT4 levels and anemia in both 
euthyroid men and women. The prevalence of anemia was sig-
nificantly higher in women than in men. After adjusting for ma-
jor confounding parameters, serum fT4 levels, but not TSH, had 
an independently positive association with serum Hb levels in 
both sexes. In both sexes, serum Hb levels decreased linearly 
with decreasing serum fT4 quartile groups, and participants 
with low-normal fT4 had significantly higher risk of anemia 
than those with high-normal fT4. When participants were divid-
ed into younger and older groups at 50 years of age, in younger 
euthyroid participants, men and women with the first quartile 
were at higher risk of anemia than men with the second quartile 
and women with the forth quartile, respectively. However, this 
study did not find any association between the fT4 levels and 
anemia in older euthyroid participants.

Despite evidence supporting the relationship between overt or 
subclinical thyroid disease and anemia, studies targeting euthy-
roid conditions are limited [6,10-12], although the relationship 
between thyroid hormones and erythrocyte indices in euthyroid 
subjects has been reported lately [10-12]. According to a study 
conducted in a 1,011 euthyroid older participants, fT4 levels 
had a linear positive association with Hb levels and erythrocyte 
indices [10]. Similarly, based on a cohort of 708 euthyroid older 
participants, fT4 was significantly associated with Hb levels 
and erythrocyte parameters, whereas TSH was not, after adjust-
ing for major confounding parameters [11]. The association be-
tween thyroid function and erythrocyte indices was further 
evaluated by Lippi et al. [12] in a retrospective cohort of 1,050 
euthyroid older participants. Although that study failed to iden-
tify a relationship between thyroid function and Hb or hemato-
crit, it was the first to report a significantly positive relationship 
between red blood cell distribution width and thyroid hormone 
values [12]. Consistent with previous studies, we also found that 
serum fT4 levels, but not TSH levels, had an independently 

Table 4. ORs of Having Anemia According to Serum fT4 Quar-
tile Categories in Younger and Older Participants 

fT4 quartiles Prevalence, %a ORb (95% CI) P value

Younger (age <50 yr)

  Men (n=1,658)

    Q1 (0.89–1.18) 3.2 3.3 (1.13–9.75) 0.029

    Q2 (1.19–1.30) 1.6 1.0 (reference)

    Q3 (1.31–1.41) 0 NA <0.001

    Q4 (1.42–1.76) 0 NA <0.001

  Women (n=1,619)

    Q1 (0.89–1.09) 20.3 3.2 (1.89–5.49) <0.001

    Q2 (1.10–1.19) 12.9 1.5 (0.83–2.64) 0.186

    Q3 (1.20–1.30) 10.7 1.1 (0.61–2.05) 0.725

    Q4 (1.31–1.76) 7.7 1.0 (reference)

Older (age ≥50 yr)

  Men (n=1,089)

    Q1 (0.89–1.10)    7.5 2.0 (0.81–5.19) 0.131

    Q2 (1.11–1.20) 5.9 1.8 (0.74–4.42) 0.198

    Q3 (1.21–1.31) 5.6 1.4 (0.53–3.71) 0.503

    Q4 (1.32–1.76) 4.1 1.0 (reference)

  Women (n=986)

    Q1 (0.89–1.07) 8.4 1.8 (0.74–4.60) 0.193

    Q2 (1.08–1.16)    4.1 0.8 (0.29–2.39) 0.732

    Q3 (1.17–1.26)  5.1 1.1 (0.37–3.19) 0.859

    Q4 (1.27–1.76) 4.4 1.0 (reference)

OR, odds ratio; fT4, free thyroxine; CI, confidence interval; NA, not ap-
plicable.
aWeighted percentage; bAdjusted for iodine intake, autoimmunity, smok-
ing, comorbidities (diabetes, hypertension, chronic kidney disease, rheu-
matoid arthritis, cancer history), income level, and activity limitation.
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positive association with serum Hb levels in both sexes after ad-
justing for age, UIC, TPOAb positivity, smoking status, comor-
bidities, economic status, and activity limitation. 

Thyroid hormones have a crucial role in hematopoiesis, espe-
cially in erythropoiesis [8]. However, the mechanisms by which 
thyroid hormones modulate red blood cell production are not 
completely understood [3,16-18]. It seems that there are several 
mechanisms by which thyroid hormones regulate red blood cell 
production, including erythropoietin production and reactive-
ness, and affect iron transport and utilization [3,16-18]. These 
actions can be mediated either through TSH via the TSH recep-
tor proposed to be present in erythrocytes and erythrocyte pre-
cursors, or through metabolic effects mediated by thyroid hor-
mones [8,11,19]. In this study, fT4, not TSH, was significantly 
related with Hb levels and an increased risk of anemia, indicat-
ing that the erythropoiesis impact of thyroid hormones is con-
trolled by direct or indirect functions of fT4 rather than TSH re-
ceptor mediation, particularly in euthyroid individuals. Thus, 
fT4 may be a more appropriate physiological marker of thyroid 
hormone status than TSH in the euthyroid population.

We used multivariate analysis to adjust for other potential 
confounding factors including age, iodine intake status, autoim-
munity, smoking status, presence of comorbidities (diabetes, 
hypertension, CKD, rheumatoid arthritis, and malignancy), eco-
nomic status, and physical activity. These factors are associated 
with both thyroid disease and anemia. Actually, the prevalence 
of thyroid disease and anemia increases with age [20,21]. Pa-
tients with autoimmune thyroid disease are at higher risk of de-
veloping various forms of anemia, and pernicious anemia fre-
quently coexists with autoimmune thyroid disease [9]. Iodine is 
also necessary for the synthesis of thyroid hormone, and high 
iodine intake is related to autoimmune thyroiditis and hypothy-
roidism [22]. Anemia is a well-known complication of CKD 
and renal function, represented as eGFR, is also related to thy-
roid function [23,24]. Smoking, diabetes, hypertension, rheu-
matoid arthritis, malignancies, and socioeconomic status are 
also associated with the development of anemia [2,25-28]. In 
this study, we attempted to select appropriate confounders for 
multivariate analysis by minimizing the influence of other fac-
tors aside from thyroid function and anemia. 

Anemia burden also differed by age and sex. The prevalence 
of anemia was much higher in women than men under 50 years 
of age, while similar in men and women over 50 years of age. 
The major cause of anemia in young adults is related to gyneco-
logic conditions that often present as iron deficiency [2]. When 
we divided participants into two groups using a cutoff age of 50 

years, 87% of women underwent menopause. This study con-
ducted a subgroup analysis based on age 50 years with the ex-
ception of pregnant women to minimize the effect of gyneco-
logical factors affecting anemia. In older adults, renal insuffi-
ciency, chronic disease, malignancies, and nutritional deficiency 
are the biggest contributors to total anemia burden in both sexes 
[29]. In our study, the association between serum fT4 and ane-
mia was not observed in older participants. This finding demon-
strates that many factors other than serum fT4 may contribute to 
the development of anemia in the elderly.

This study has several limitations. First, the cross-sectional 
design did not provide us with the information to draw conclu-
sions about causality. Second, we did not additionally measure 
ferritin and transferrin to distinguish iron deficiency anemia and 
anemia of chronic disease. Third, information on nutritional 
confounding factors including iron or vitamin supplements was 
not available for most participants. Forth, there was no partici-
pant with anemia among younger male with high-normal fT4. 
Nonetheless, to our knowledge, this is the first nationwide anal-
ysis to evaluate the risk of developing anemia according to thy-
roid function in euthyroid adults.

In conclusion, data collected from a nationally representative 
cross-sectional survey showed that a low-normal serum fT4 
level was related to lower serum Hb level and a higher risk of 
anemia in euthyroid adults, especially in younger adults. These 
findings demonstrate that the reference range of fT4 may not be 
appropriate from the viewpoint of anemia and that avoiding 
low-normal serum fT4 levels may help to avoid anemia in both 
men and women. Further studies are required to determine the 
feasibility of improving hematologic parameters through levo-
thyroxine treatment in subjects with anemia and low-normal se-
rum fT4.
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