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Background: Low thyroid function within the euthyroid range, as well as overt and subclinical hypothyroidism,
reportedly increases the risk of cardiovascular disease and mortality. However, the association between low
normal thyroid function and mortality remains controversial. This study was performed to elucidate the associ-
ation between low normal thyroid function and all-cause and/or cause-specific mortalities among U.S. adults.
Methods: A prospective cohort study was conducted using a nationally representative sample of 12,584 U.S.
adults aged ‡20 years with thyrotropin (TSH) levels within the reference range from the National Health and
Nutrition Examination Survey (NHANES) III (1988–1994). Associations between TSH tertiles (high, medium,
and low normal TSH groups) and mortalities (all-cause, cardiovascular, and cancer) were investigated using
multivariable Cox models. Stratum-specific analyses were estimated within subgroups defined according to sex
(male or female) and baseline age (age <60 years or age ‡60 years). Further, the same analysis was conducted
using continuous NHANES 2001–2002, 2007–2008, and 2009–2010 cohorts, which included data on free thy-
roxine levels.
Results: The median follow-up period was 19.1 years, with 3395 all-cause deaths. A significantly higher risk
of all-cause mortality (adjusted hazard ratio [HR] 1.27; [confidence interval (CI) 1.10–1.47]), and cardiovascular
mortality (HR 1.30 [CI 1.02–1.67]), and cancer mortality (HR 1.43 [CI 1.01–2.01]) was observed in the high
normal TSH group than in the medium normal TSH group. Additionally, the low normal TSH group had an
increased risk of all-cause mortality. In stratum-specific analyses, a significant association was found between
high normal TSH levels and all-cause mortality among males, females, and participants <60 years. Continuous
NHANES cohorts demonstrated a non-significant increase in the HR for all-cause mortality in the high normal
TSH group.
Conclusions: High normal TSH levels compared with medium normal TSH levels were associated with increased
risk of all-cause, cardiovascular, and cancer mortalities over a long-term follow-up period among U.S. adults. This
study indicates that the reference range for TSH levels may require re-evaluation.

Introduction

Thyroid hormones are involved in various metabolic
processes. Some studies have shown that subclinical

hypothyroidism, as well as overt hypothyroidism, is associ-
ated with an increased risk of cardiovascular disease and
mortality (1,2). More recently, some studies have suggested a
correlation between low thyroid function in euthyroid sub-
jects and prevalence of metabolic syndrome (MetS) due to
increased insulin resistance (3,4). As MetS is a known risk
factor of cardiovascular disease and is associated with in-
creases all-cause mortality (5), low normal thyroid function
may increase the risk of cardiovascular disease and mortality.

However, the evidence of the relationship between low nor-
mal thyroid function and higher cardiovascular disease risk
or mortality remains scarce. Accordingly, this study inves-
tigated the association between low normal thyroid function
and all-cause and/or cause-specific mortalities among adults
in the United States.

Materials and Methods

Data sources and study population

A prospective cohort study was conducted using the data
from the National Health and Nutrition Examination Survey
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(NHANES) III (1988–1994) and their mortality data through
December 2011. The definition of ‘‘prospective’’ studies by
Rothman et al. (6) was adopted. As an additional analysis,
the data from the continuous NHANES 2001–2002, 2007–
2008, and 2009–2010 cohorts were used, which included
information on serum free thyroxine (fT4) and thyrotro-
pin (TSH), and associated mortality data through December
2011. NHANES is a stratified, multistage survey using a
nationally representative sample of the non-institutionalized
civilian population of the United States (7). Participants were
selected at random through a complex statistical process each
year, and they completed personal structured interviews at
home and then performed a physical examination at a mobile
examination center (MEC) that included height, weight, and
laboratory measurements (7). The NHANES III, NHANES
2001–2002, 2007–2008, and 2009–2010 study protocols
were approved by the National Center for Health Statistics
(NCHS) Institutional Review Board (8), with all participants
providing informed written consent prior to NHANES par-
ticipation. Among adults in NHANES III, NHANES 2001–
2002, 2007–2008, and 2009–2010, the unweighted response
rates for the household interview were 86%, 84%, 78%, and
79% and those for the MEC examination were 78%, 80%,
75%, and 77%, respectively (9).

The main analysis of the present study included NHANES
III participants aged ‡20 years at enrollment who had serum
TSH levels within the reference range, which resulted in a
study sample of 14,187 subjects. Pregnant female partici-
pants (n = 4) and participants without data on education level
(n = 338), body mass index (BMI; n = 29), serum creatinine
(n = 90), and death (n = 16) were excluded. Participants with a
history of thyroid disease (n = 177), thyroid-related medica-
tion use (n = 53), and cancer (n = 896) were also excluded.
The final analytical cohort contained 12,584 participants
(6115 males). For additional analyses, the data were used
from NHANES 2001–2002, 2007–2008, and 2009–2010
participants with fT4 levels within the reference range using
the same inclusion and exclusion criteria, resulting in a final
study sample of 5257 subjects (2713 males).

Definition of thyroid function

In NHANES III, TSH was measured using a chemi-
luminescence immunoassay (CLIA; Nichols Institute Diag-
nostics, San Juan Capistrano, CA), and total thyroxine (TT4)
was measured with a radioimmunoassay (RIA; Roche Mo-
lecular Biochemicals, Indianapolis, IN). In NHANES 2001–
2002, 2007–2008, and 2009–2010, TSH was measured with
a microparticle enzyme immunoassay (MEIA), and fT4 was
measured with a two-step enzyme immunoassay. Euthy-
roidism was defined in the present study as a serum TSH level
within the reference range (0.39–4.60 mIU/L) in NHANES
III (10). To classify the participants with euthyroidism func-
tionally into three groups, NHANES III participants were
categorized into tertiles according to TSH concentrations
(mIU/L) as follows: Q1, 0.39–1.15 (low normal TSH group);
Q2, 1.16–1.89 (medium normal TSH group); and Q3, 1.90–
4.60 (high normal TSH group). The reference ranges for
TT4 in NHANES III, and TSH and fT4 in NHANES 2001–
2002, 2007–2008, and 2009–2010, were defined as 4.5–
13.2 lg/dL, 0.34–5.60 mIU/L, and 0.6–1.6 ng/dL, respectively
(10,11).

Outcome ascertainment

The primary outcome of the present study was all-cause
mortality, and the secondary outcomes were cause-specific
mortalities (cardiovascular and cancer). Mortality data were
ascertained by the NCHS from National Death Index (NDI)
death certificate records (12) matching the following data:
social security number, name, date of birth, race/ethnicity,
sex, state of birth, and state of residence. The cause of death
was determined according to the International Classification
of Diseases, Tenth version (ICD-10). Cardiovascular dis-
ease was classified using ICD-10 codes I00–09, I11, I13, I20–
51, and I60–69. Cancer was classified using ICD-10 codes
C00–C97.

Other measurements

Demographic characteristics, history of cardiovascular
disease, and prevalence of diabetes, hypertension, and hy-
percholesterolemia were self-reported. Weight and height
were measured and used to calculate BMI.

Chemical analyses of triglycerides (TG), HDL cholesterol,
creatinine (Scr), and plasma glucose were performed ac-
cording to the laboratory procedure manual for NHANES III,
NHANES 2001–2002, 2007–2008, and 2009–2010 (13,14).
Estimated glomerular filtration rate (eGFR; mL/min/1.73 m2)
was calculated using the Chronic Kidney Disease Epide-
miology Collaboration equation: GFR = 141 · min(Scr/j, 1)a ·
max(Scr/j, 1)-1.209 · 0.993Age · 1.018 [if female] · 1.159 [if
black]; j = 0.7 for females and 0.9 for males, a = -0.329 for
females and -0.411 for males, min indicates the minimum of
Scr/j or 1, and max indicates the maximum of Scr/j or 1 (15).

MetS was defined as per the modified NCEP/ATP III cri-
teria as the presence of any three of the following five find-
ings: waist circumference ‡102 cm for men or ‡88 cm for
women; elevated TG ‡150 mg/dL (to convert triglycerides to
mM/L, multiply by 0.0113) or on drug treatment for high TG;
reduced HDL cholesterol <40 mg/dL (to convert HDL cho-
lesterol to mM/L, multiply by 0.02586) in men or <50 mg/dL
in women or on drug treatment for reduced HDL cholesterol;
elevated blood pressure (BP) ‡130 mmHg systolic BP or
‡85 mmHg diastolic BP or on antihypertensive drug treat-
ment for elevated BP; and elevated fasting glucose ‡100 mg/
dL (to convert glucose to mM/L, multiply by 0.05551) or on
drug treatment for elevated glucose (16).

Statistical analyses

Descriptive statistics for patient characteristics were com-
pared using chi-square tests for categorical variables, and
analysis of variance for continuous variables. Unadjusted
associations between TSH tertiles and mortality were esti-
mated using Kaplan–Meier plots and unadjusted Cox pro-
portional hazards models. Multivariable Cox proportional
hazards models were adjusted for potential confounders of
the mortality that included age (categorized by each 10 years),
sex (male or female), race/ethnicity (non-Hispanic black,
non-Hispanic white, or others), education status (less than
high school, high school or General Educational Develop-
ment, or higher than high school), smoking status (non-
smoker, current smoker, or ex-smoker), diabetes, hypertension,
hypercholesterolemia, previous cardiovascular disease, BMI
(<18.5, 18.5 to <25.0, 25.0 to <30.0, or ‡30.0 kg/m2), and
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eGFR (<30, 30 to <60, or ‡60 mL/min/1.73 m2). The study
adjusted for age, sex, race/ethnicity, education status, and
smoking status (Model 1). As a main analysis, the study
further adjusted for diabetes, hypertension, hypercholester-
olemia, previous cardiovascular disease, BMI, and eGFR in
addition to covariates in Model 1 (Model 2). Moreover, two
sensitivity analyses were performed. First, the sample was
restricted to participants with both TSH and TT4 levels
within the reference range in order to focus on euthyroid
status. Second, participants were categorized into quintiles
according to TSH concentrations (mIU/L) as follows in order
to evaluate the relationship between TSH levels and all-cause
mortality within the reference range more in detail: X1, 0.39–
0.91; X2, 0.92–1.30; X3, 1.31–1.70; X4, 1.71–2.30; and X5,
2.31–4.60. Stratum-specific analyses were estimated within
subgroups defined according to sex (male or female) and
baseline age (age <60 years or age ‡60 years).

To clarify the association between low normal TSH levels
and prevalence of MetS, a risk factor of cardiovascular dis-
ease, the study further examined the association between
TSH tertiles and prevalence of MetS by logistic regression
analysis.

To examine the association between fT4 levels and all-
cause mortality, additional analyses were performed in NHANES
2001–2002, 2007–2008, and 2009–2010 cohorts using un-
adjusted and multivariable Cox proportional hazards models.
Participants were categorized into following tertiles accord-
ing to fT4 concentrations (ng/dL): R1, 0.60–0.70 (low normal
fT4 group); R2, 0.71–0.80 (medium normal fT4 group); and
R3, 0.81–1.60 (high normal fT4 group). The association be-
tween TSH tertiles and all-cause mortality was also tested
using the reference range for the assay used in NHANES
2001–2002, 2007–2008, and 2009–2010 (11): S1: 0.39–1.16
(low normal TSH group); S2: 1.17–1.92 (medium normal
TSH group); and S3: 1.93–5.60 (high normal TSH group).

All statistical analyses were conducted using Stata v12.1
(StataCorp LP, College Station, TX). An appropriate weight
was selected based on variables in each analysis, and it was
used in order to account for unequal probabilities of selec-
tion and nonresponses to make unbiased national estimates.
Sample sizes were reduced by 5705 (45.3%) in the analysis
for MetS from NHANES III because a weight was used for
fasting blood-sampling examination. p-Values of <0.05 were
considered statistically significant.

Table 1. Comparisons of Baseline Characteristics
a

Among TSH Tertiles
b

in NHANES III

Q1 (low
normal TSH)

Q2 (medium
normal TSH)

Q3 (high
normal TSH) p-Valuec

Total, n (%) 4200 (33.38) 4251 (33.78) 4133 (32.84)
TSH (mIU/L) 0.40–1.15 (0.83 – 0.20) 1.16–1.89 (1.47 – 0.20) 1.90–4.60 (2.64 – 0.67)
TT4 (lg/dL) 8.94 – 2.06 8.77 – 1.98 8.64 – 1.94 <0.001
Age (years) 41.3 – 17.0 45.0 – 17.8 49.9 – 18.8 <0.001
Sex (male), n (%) 2034 (48.43) 2114 (49.73) 1967 (48.59) 0.142
Race/ethnicity, n (%)

Non-Hispanic white 2481 (59.07) 2832 (66.62) 3059 (74.01) <0.001
Non-Hispanic black 1585 (37.74) 1253 (29.48) 917 (22.19) <0.001
Others 134 (3.19) 166 (3.90) 157 (3.80) 0.168

Education status, n (%)
Less than high school 880 (20.95) 962 (22.63) 1106 (26.76) <0.001
High school or GED 725 (17.26) 707 (16.63) 652 (15.78) 0.187
Higher than high school 2595 (61.79) 2582 (60.74) 2375 (57.46) <0.001

Smoking status, n (%)
Non-smoker 2844 (67.71) 3067 (72.15) 3254 (78.73) <0.001
Ex-smoker 331 (7.88) 263 (6.19) 214 (5.18) <0.001
Current smoker 1025 (24.40) 921 (21.67) 665 (16.09) <0.001

Diabetes, n (%) 265 (6.31) 326 (7.67) 378 (9.15) <0.001
Hypertension, n (%) 877 (20.88) 1055 (24.82) 1231 (29.78) <0.001
Hypercholesterolemia, n (%) 556 (13.24) 670 (15.76) 802 (19.40) <0.001
Previous cardiovascular

disease, n (%)
191 (4.55) 262 (6.16) 355 (8.59) <0.001

BMI (kg/m2) (%)
<18.5 103 (2.45) 68 (1.60) 69 (1.67) 0.007
18.5 to <25.0 1757 (41.83) 1540 (36.23) 1391 (33.66) <0.001
25.0 to <30.0 1450 (34.52) 1533 (36.06) 1440 (34.84) 0.294
‡30.0 890 (21.19) 1110 (26.11) 1233 (29.83) <0.001

eGFR (mL/min/1.73 m2) (%)
<30 22 (0.52) 25 (0.59) 42 (1.02) 0.014
30 to <60 386 (9.19) 605 (14.23) 1911 (15.19) <0.001
‡60 3792 (90.29) 3621 (85.18) 10,584 (84.11) <0.001

aData are presented as range (M – SD) or count (proportions) unless otherwise indicated.
bThyroid functional status was categorized as tertiles: low normal TSH (Q1), medium normal TSH (Q2), and high normal TSH (Q3).
cSignificance testing was performed by chi-square tests or analysis of variance.
TSH, thyrotropin; NHANES, National Health and Nutrition Examination Survey; TT4, total thyroxine; GED, General Educational

Development; HR, hazard ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate.
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Results

The clinical characteristics of the present study partici-
pants are shown in Table 1. The mean age (–standard devi-
ation [SD]) was 45.4 – 18.2 years, and 48.6% were male.
Significant differences were found between the three groups
for the following factors: age, race/ethnicity, education sta-
tus, smoking status, diabetes, hypertension, hypercholester-
olemia, previous cardiovascular disease, BMI, and eGFR.

TSH tertiles and mortality

The median follow-up period was 19.1 years. A total of
3395 all-cause deaths were observed, comprising 1048 car-
diovascular deaths, 730 cancer deaths, and 1617 deaths from
other causes. Table 2 shows hazard ratios (HRs) calculated by
the unadjusted and adjusted (Model 1 and Model 2) analyses
for all-cause and cause-specific mortalities (cardiovascular
and cancer). Figure 1 shows Kaplan–Meier survival curves
according to TSH tertile for each event variable (all-cause
mortality, cardiovascular mortality, or cancer mortality). The
relationship between HRs in low and medium normal TSH
groups (Q1 and Q2) reversed when the outcome was adjusted
using covariates, especially age. Both the high and low nor-
mal TSH groups (Q3 and Q1) had significantly higher ad-
justed HRs for all-cause mortality compared with the medium
normal TSH group (Q2; Q3 vs. Q2: HR 1.27 [confidence in-
terval (CI) 1.10–1.47]; Q1 vs. Q2: HR 1.17 [CI 1.02–1.35]).
HRs for cardiovascular and cancer mortality were signifi-
cantly higher in the high normal TSH group (cardiovascular:
HR 1.30 [CI 1.02–1.67]; and cancer: HR 1.43 [CI 1.01–2.01]),
whereas the low normal TSH group was not significantly as-
sociated with increased risk of these mortalities compared with
the medium normal TSH group. Similar results were ob-
served in 11,890 participants with TSH and TT4 levels within
the reference range (Supplementary Table S1; Supplemen-
tary Data are available online at www.liebertpub.com/thy).

A U-shaped association was also found between TSH levels
and all-cause mortality when quintiles were used as cate-
gorical variables of TSH levels (Supplementary Table S2).

Table 3 presents HRs for mortality in subgroups strati-
fied according to sex and baseline age, respectively. Among
males, HRs for all-cause mortality were significantly higher
in the high and low normal TSH groups (Q3 and Q1) com-
pared with the medium normal TSH group (Q2; Q3 vs. Q2:
HR 1.29 [CI 1.06–1.58]; Q1 vs. Q2: HR 1.32 [CI 1.08–1.61]).
Females in the high normal TSH group had an increased
risk of all-cause mortality (HR 1.24 [CI 1.05–1.46]). Among
participants <60 years, HRs for all-cause mortality were
significantly increased in the high and low normal TSH
groups (Q3 and Q1) compared with the medium normal TSH
group (Q2; Q3 vs. Q2: HR 1.49 [CI 1.19–1.86]; Q1 vs. Q2:
HR 1.29 [CI 1.03–1.60]). There was a trend toward an in-
creased risk of all-cause mortality in participants aged ‡60
years in the high normal TSH compared with the medium
normal TSH group. However, this difference was not statis-
tically significant.

Logistic regression analysis to evaluate the association
between TSH levels and MetS demonstrated a marginally
higher prevalence of MetS in the high normal TSH group
compared with the medium normal TSH group (odds ratio
1.22 [CI 0.96–1.55]).

fT4 tertiles/TSH groups and all-cause mortality
in NHANES 2001–2002, 2007–2008, and 2009–2010

The mean age (–SD) and median follow-up period of 5257
participants in NHANES 2001–2002, 2007–2008, and 2009–
2010 were 46.0 – 17.4 years and 4.3 years, respectively, with
236 all-cause deaths. The high normal fT4 group was found
to have an increased risk of all-cause mortality compared
with the medium normal fT4 group according to the results of
the main analysis, although no significant association was

Table 2. Associations Between TSH Tertiles and All-Cause, Cardiovascular,

and Cancer Mortality in NHANES III
a

Event/total (%) Unadjusted HR [CI]

Adjusted

Model 1b Model 2c

HR [CI] HR [CI]

All-cause
Q1 904/4200 (21.52) 0.93 [0.81–1.08] 1.12 [0.98–1.28] 1.17 [1.02–1.35]
Q2 (reference) 1063/4251 (25.01) 1 1 1
Q3 1428/4133 (34.55) 1.60 [1.37–1.85] 1.24 [1.07–1.43] 1.27 [1.10–1.47]

Cardiovascular
Q1 274/4200 (6.52) 0.89 [0.70–1.12] 1.08 [0.86–1.37] 1.17 [0.93–1.47]
Q2 (reference) 300/4251 (7.06) 1 1 1
Q3 474/4133 (11.47) 1.73 [1.39–2.16] 1.26 [0.99–1.60] 1.30 [1.02–1.67]

Cancer
Q1 201/4200 (4.79) 0.97 [0.72–1.31] 1.16 [0.85–1.58] 1.19 [0.88–1.62]
Q2 (reference) 244/4251 (5.74) 1 1 1
Q3 285/4133 (6.90) 1.66 [1.19–2.30] 1.40 [1.00–1.98] 1.43 [1.01–2.01]

aReference for each cell is medium normal TSH (Q2; HR = 1). Q1: 0.39–1.15 (low normal TSH group); Q2: 1.16–1.89 (medium normal
TSH group); Q3: 1.90–4.60 (high normal TSH group).

bHR adjusted for age, sex, race/ethnicity, education status, and smoking status.
cHR adjusted for diabetes, hypertension, hypercholesterolemia, previous cardiovascular disease, BMI, and eGFR in addition to

confounders in Model 1.
HR, hazard ratio; CI, confidence interval.
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FIG. 1. Kaplan–Meier survival
curves for the all-cause (A), car-
diovascular (B), and cancer (C)
mortal events by thyrotropin (TSH)
levels at the baseline measurements
in National Health and Nutrition
Examination Survey III (low nor-
mal TSH group [Q1]: 0.39–1.15;
medium normal TSH group [Q2]:
1.16–1.89; and high normal TSH
group [Q3]: 1.90–4.60). Table 2
indicates the effects of analyzing
the survival shown here with the
addition of known covariates. The
relationship between hazard ratios
in low and medium normal TSH
groups (Q1 and Q2) is reversed
when the outcome using covariates
were adjusted, especially age.
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observed between the low normal fT4 group and all-cause
mortality (Table 4). A non-significant increase in HR for all-
cause mortality was observed in the high normal TSH group
(Table 4).

Discussion

The results of the present prospective cohort study indicate
that high normal TSH levels (which indicate low normal
thyroid function) are associated with an increased risk of
long-term mortality, in addition to cardiovascular and cancer
mortalities.

To the best of the authors’ knowledge, this is the first long-
term observational study showing an association between
high normal TSH levels and risk of mortality in a popula-
tion from the United States. Several studies have examined
the association between mortality and high normal TSH
levels as well as subclinical and overt hypothyroidism (1,2).
A study with a 12-year follow-up in Norway showed an as-
sociation between high normal TSH levels and mortality in
women (17), similar to the results observed in both men and
women in the present study. On the other hand, some studies
have concluded that higher TSH levels within the reference
range are not associated with all-cause mortality (18,19).

Table 3. Associations Between TSH Tertiles and All-Cause Mortality

According to Sex and Age in NHANES III
a

Event/total (%) Unadjusted HR [CI]

Adjusted

Model 1b Model 2c

HR (95% CI) HR (95% CI)

Male
Q1 500/2034 (24.58) 1.03 [0.83–1.29] 1.22 [0.99–1.51] 1.32 [1.08–1.61]
Q2 (reference) 600/2114 (28.38) 1 1 1
Q3 782/1967 (39.76) 1.65 [1.40–1.95] 1.23 [1.01–1.50] 1.29 [1.06–1.58]

Female
Q1 404/2166 (18.65) 0.82 [0.67–0.99] 1.02 [0.84–1.23] 1.03 [0.85–1.23]
Q2 (reference) 463/2137 (21.67) 1 1 1
Q3 646/2166 (29.82) 1.55 [1.25–1.92] 1.25 [1.06–1.49] 1.24 [1.05–1.46]

Age <60 years
Q1 335/3438 (10.42) 1.15 [0.96–1.39] 1.23 [1.01–1.50] 1.29 [1.03–1.60]
Q2 (reference) 459/3214 (3.13) 1 1 1
Q3 357/2639 (10.38) 1.51 [1.23–1.86] 1.51 [1.21–1.88] 1.49 [1.19–1.86]

Age ‡60 years
Q1 547/762 (71.78) 1.06 [0.90–1.23] 1.04 [0.91–1.20] 1.10 [0.95–1.27]
Q2 (reference) 728/1037 (70.20) 1 1 1
Q3 1097/1494 (73.43) 0.98 [0.81–1.19] 1.08 [0.92–1.27] 1.14 [0.96–1.35]

aReference for each cell is medium normal TSH (Q2; HR = 1). Q1: 0.39–1.15 (low normal TSH group); Q2: 1.16–1.89 (medium normal
TSH group); Q3: 1.90–4.60 (high normal TSH group).

bHR adjusted for age, sex, race/ethnicity, education status, and smoking status.
cHR adjusted for diabetes, hypertension, hypercholesterolemia, previous cardiovascular disease, BMI, and eGFR in addition to

confounders in Model 1.

Table 4. Associations Between fT4 Tertiles/TSH Tertiles and All-Cause Mortality

in NHANES 2001–2002, 2007–2008, and 2009–2010 Cohorts

Event/total (%) Unadjusted HR [CI]

Adjusted

Model 1c Model 2d

HR [CI] HR [CI]

fT4 tertilesa

R1 84/2144 (3.92) 0.90 [0.60–1.36] 1.00 [0.65–1.55] 1.01 [0.66–1.55]
R2 (reference) 73/1684 (4.33) 1 1 1
R3 86/1429 (6.02) 1.72 [1.20–2.48] 1.38 [0.98–1.94] 1.36 [0.93–2.00]

TSH tertilesb

S1 69/1754 (3.93) 0.94 [0.61–1.43] 1.03 [0.68–1.57] 0.99 [0.64–1.53]
S2 (reference) 71/1752 (4.05) 1 1 1
S3 103/1751 (5.88) 1.86 [1.16–2.98] 1.39 [0.92–2.12] 1.34 [0.89–2.01]

aReference for each cell is medium normal fT4 (R2; HR = 1). R1: 0.60–0.70 (low normal fT4 group); R2: 0.71–0.80 (medium normal fT4
group); R3: 0.81–1.60 (high normal fT4 group).

bReference for each cell is medium normal TSH (S2) (HR = 1); S1: 0.39–1.16 (low normal TSH group); S2: 1.17–1.92 (medium normal
TSH group); S3: 1.93–5.60 (high normal TSH group).

cHR adjusted for age, sex, race/ethnicity, education status, and smoking status.
dHR adjusted for diabetes, hypertension, hypercholesterolemia, previous cardiovascular disease, BMI, and eGFR in addition to

confounders in Model 1.
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Considering these studies had a shorter follow-up period than
the present study and the above-mentioned study from Nor-
way, it is supposed that a longer follow-up period is required
to differentiate the mortalities between those with high nor-
mal TSH levels and those with medium normal TSH levels.
In the present stratum-specific analysis, no significant asso-
ciation was found between high normal TSH levels and all-
cause mortality among participants aged ‡60 years, despite
the observation of a significantly increased risk of mortality
among participants aged <60 years with high normal TSH
levels. The difference in TSH distribution according to age
(20) and the higher mortality rate in the elderly subgroup
might affect the results. In addition, there are some patho-
logical explanations for this discrepancy. First, sensitivities
to adrenergic stimulation and the hypothalamic-pituitary
feedback system are reduced in the elderly (21,22). Second,
their metabolic rate and energy expenditure are slow (23).
These factors might mitigate the mortality risk for high TSH
levels among participants aged ‡60 years. Further patho-
logical and stratified epidemiological studies are required to
elucidate the reason underlying the differences observed
between these results.

Higher hazards were found for cardiovascular mortality in
high normal TSH levels compared with medium normal TSH
levels in the present study, as well as that for all-cause
mortality. There are several mechanisms that may explain
this increase in the risk of cardiovascular death. Pathologi-
cally, a deficiency of thyroid hormone weakens cardiac
function by regulating calcium uptake and the expression of
several contractile proteins in cardiomyocytes (24,25), and
induces endothelial dysfunction and decreases nitric oxide
levels (26). High TSH levels have also been reported to be
associated with decreased cardiac contractility and increased
systemic vascular resistance (26). Moreover, it has been re-
ported that low normal thyroid function is associated with
MetS due to an increase in insulin resistance (3,4) and may
contribute to the associated increase in cardiovascular risk
(27). A trend toward increased prevalence of comorbid MetS
was observed in subjects with high normal TSH levels, which
may contribute to the increased risk of cardiovascular mor-
tality. However, of interest, a meta-analysis of 14 cohorts
concluded that high normal TSH levels had no association
with ischemic heart disease mortality (28). Considering
several studies that found a positive relationship between
subclinical hypothyroidism and heart failure (2,29,30), it is
predicted that heart failure and other cardiovascular disease,
rather than ischemic heart disease, would mainly contribute
to the significantly increased risk of cardiovascular mortality
in the present study.

Furthermore, high normal TSH levels were found to be
associated with cancer mortality. Hypothyroidism has pre-
viously been reported to be a possible risk factor of liver
cancer (31). First, hypothyroidism decreases apoptosis and
increases the potential for carcinogenesis because T3 medi-
ates apoptosis in hepatocytes through a mitochondrial mech-
anism (19). Second, hypothyroidism causes oxidative liver
damage through obesity, hyperlipidemia, and insulin resis-
tance, which were related to MetS. Several previous studies
have evaluated cancer risk in euthyroid subjects. For exam-
ple, free triiodothyronine and fT4 levels were reported to be
significantly negatively associated with the risk of cancer
mortality, particularly liver cancer mortality in euthyroid

subjects in Korea (19). In addition, low normal fT4 levels
have been reported to be associated with an increased risk of
breast cancer in post-menopausal women (32), although the
mechanism underlying this association was not established,
and an another study showed no relationship between hypo-
thyroidism and breast cancer (33). Further epidemiological
and molecular biological studies are required to clarify the
association between hypothyroidism and carcinogenesis and
the potential mechanisms.

The results of the present study highlight the importance of
reconsidering the reference range for TSH levels. The ref-
erence range is obtained by measuring TSH levels in a large
population and calculating the range that represents healthy
levels in the studied population. However, the validity of this
range in reflecting thyroid function remains controversial
(20). In addition to high normal TSH levels, an association
was found between low normal TSH levels and increased all-
cause mortality, corroborating the results of previous stud-
ies (34–36). These associations were also confirmed by the
sensitivity analysis using quintiles. It is also believed that
low normal TSH levels might be associated with cardiovas-
cular and cancer mortality because the adjusted HRs for
cause-specific mortalities in the low normal TSH group were
almost the same as that for all-cause mortality. Considering
these results, higher and lower TSH levels within the refer-
ence range may affect health status over long-term durations.
Accordingly, the reference range of TSH levels and the ra-
tionale on which the ‘‘normal’’ range is based may require
re-evaluation.

The present study has several limitations. First, fT4 levels
were not included in the main analysis to define thyroid
status. Both TSH and TT4 levels were used to define eu-
thyroidism as a sensitivity analysis (2), and almost identical
results were observed compared to the main analysis. Further,
as an additional study, both TSH and fT4 levels were em-
ployed to define euthyroidism using data from NHANES
2001–2002, 2007–2008, and 2009–2010, which included
measurements of fT4 levels. We observed a non-significantly
higher mortality risk in the high normal TSH group, which
support the results of the main analysis. However, no asso-
ciation was found between the low normal fT4 group and all-
cause mortality of interest. Although TSH is considered to be
the most sensitive and specific biochemical marker of thyroid
function (37), further studies with longer follow-up periods
and larger sample size for fT4 levels are required to explain
this discrepancy. Second, the reference range for TSH was
defined as 0.39–4.60 mIU/L for every age category (10) be-
cause the study aimed to analyze the validity of a non-age-
adjusted TSH cutoff. However, it has been reported that there
is a difference of TSH distribution according to age, sex, and
race/ethnicity (38). For reference, an analysis wes performed
that includes three age-specific TSH cutoffs for each age
category (38) instead of a single TSH cutoff. In this analysis,
similar results were obtained as in the main analysis. A un-
ique TSH reference range was used according to previous
studies (2,28) because the data set of the age-specific cate-
gory was complex. Although there were not enough partici-
pants to assess the result for each age category separately in
this study, further prospective studies using age-specific
reference limits with a much larger sample size are needed.
Third, the NDI death certificate records were used. However,
the NDI is not a perfect database for mortality ascertainment
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(39). Other death records should also be used in further epi-
demiologic or clinical studies in order to obtain complete and
accurate ascertainment of mortality. However, the misclas-
sification by the NDI is considered to be independent of TSH
levels. Given that this non-differential misclassification
generates a bias toward the null, this limitation would not
deny the significant results in this study. Fourth, residual
confounding and competitive risk may have biased the ob-
served results, as this was an observational study of mortality.
Fifth, the trend of thyroid function over the study follow-up
period was not evaluated in individual participants. Finally,
the present study did not provide sufficient evidence to in-
form evaluations regarding the importance of medication.
Further interventional and molecular studies of the nonfa-
tal cardiac and carcinogenic effects of low normal thyroid
function are required to overcome these limitations.

In conclusion, the results of the present study indicate
that high normal TSH levels are associated with an increased
risk of all-cause, cardiovascular, and cancer mortality over a
long-term period in U.S. adults. Furthermore, low normal
TSH levels were found to be associated with increased all-
cause mortality. As differences in TSH levels within the current
‘‘normal’’ range may affect long-time mortality, re-evaluation
of the reference range of TSH levels may be required.
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