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Background: Thyroid hormones play a vital role in maintaining the homeostasis
of the cardiovascular system. The FT3/FT4 ratio can be used to evaluate the
rate of T4-to-T3 conversion, reflecting the peripheral sensitivity of thyroid
hormones. There is no study to investigate its relationship with death and
cardiovascular disease (CVD) in the general population.

Methods: This retrospective cohort study involved 8,018 participants with
measured thyroid function and no prior thyroid disease who participated in
the National Health and Nutrition Examination Survey (NHANES) from 2007 to
2012. Mortality status was determined by routine follow-up using the National
Death Index through December 31, 2015.

Results: During a median of 87 months of follow-up, we observed 699 all-
cause deaths, including 116 cardiovascular deaths. In multivariate adjusted
models, higher free thyroxine (FT4) was linked to increased all-cause mortality
(HR, 1.15 per SD; 95% ClI, 1.09-1.22), cardiovascular mortality (HR, 1.18 per SD;
95% Cl, 1.01-1.39), and CVD risk (HR, 1.17 per SD; 95% Cl, 1.08-1.27). Higher free
triiodothyronine (FT3) was linked to decreased all-cause mortality (HR 0.81 per
SD; 95% Cl, 0.70-0.93). Higher FT3/FT4 ratio was linked to decreased all-cause
mortality (HR, 0.77 per SD; 95% Cl, 0.69-0.85), cardiovascular mortality (HR,
0.79 per SD; 95% ClI, 0.62-1.00), and CVD risk (HR, 0.82 per SD; 95% Cl, 0.74-
0.92). The FT3/FT4 ratio stratified findings were broadly consistent with the
overall results.

Conclusions: FT3, FT4, and the FT3/FT4 ratio were all independent predictors
of all-cause death. FT4 and the FT3/FT4 ratio, but not FT3, were independent
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predictors of cardiovascular mortality and CVD risk. Along with FT3 and FT4, we
should pay equal attention to the FT3/FT4 ratio in the general population.

KEYWORDS

NHANES, FT3/FT4 ratio, all-cause mortality, cardiovascular mortality,

cardiovascular disease

Introduction

Thyroid hormones are major metabolic regulators that have
a complicated connection with the cardiovascular system
through a variety of processes, including endothelial function,
blood pressure fluctuations, myocardial function, and blood
lipid levels (1). Thyroid hormones in the circulation mainly
exist in two states: triiodothyronine (T3) and thyroxine (T4). T3
is mainly converted from T4 by deiodinase iodothyronine in
peripheral tissues (2). There is increasing evidence that thyroid
dysfunction is linked to poor prognosis in patients with heart
disease (3-7). Even in subjects without obvious thyroid disease,
too much or too little thyroid hormone can accelerate the
progression of cardiovascular disease and even accelerate
death. For example, in one observational study, high free
thyroxine (FT4) and low free triiodothyronine (FT3) levels
had a strong correlation with all-cause and cardiovascular
mortality in patients without overt thyroid disease and
receiving coronary angiography (8). Ataoglu HE et al. showed
that among hospitalized chronic patients with nonthyroid illness
syndromes, both low FT3 and high FT4 levels were independent
indicators of mortality risk (9). However, in the general
population, the impacts of FT3 and FT4 on the prognosis of
subjects without overt thyroid disease were inconsistent.

There are three main iodothyronine deiodinases in the body:
iodothyronine deiodinase 1 (DIO1) and iodothyronine deiodinase
2 (DIO2) 5'-deiodinases catalyzes the activation reaction from T4
to T3, iodothyronine deiodinase 3 (DIO3) 5-deiodinase catalyzes
the activation reaction from T4 inactivation response to reverse
T3 (10). FT3/FT4 reaction 5-deiodinase activity can be used to
evaluate peripheral thyroid sensitivity (2, 11-14). The FT3/FT4
ratio seems to be a precise and reasonable indicator of thyroid
hormone metabolic change that is associated with the prognosis of
specific diseases, including coronary heart disease (CHD),
myocardial infarction (MI), and dilated cardiomyopathy (DCM)
(15-18). However, there are no data on the value of the FT3/FT4
ratio in predicting mortality risk in the general population,
especially in those with normal thyroid function.

Cardiovascular disease (CVD) is a group of heart and
vascular diseases mainly represented by CHD, angina pectoris,
congestive heart failure (CHF), MI and stroke (19). Thyroid
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hormones are critical for cardiovascular homeostasis (20).
Several cross-sectional investigations have shown that in the
general population with normal thyroid function, thyroid
hormone levels are correlated with coronary artery
calcification (21), arterial stiffness (22) and the incidence of
metabolic syndrome (23). Cappola AR et al. found that in the
general population, higher baseline FT4 was correlated with
higher rates of CHD and heart failure during follow-up (24), but
the relationship between thyroid hormone levels and CVD in the
general population remains unknown.

The purpose of this research was to investigate the probable
relationship between the FT3, FT4, or FT3/FT4 ratio and all-
cause, cardiovascular mortality, and CVD risk in the general
population of the U.S. without previous thyroid illness using a
representative national sample.

Methods
Study population

The National Health and Nutrition Examination Survey
(NHANES) is a survey that uses a nationally representative
sample to examine the nutritional and health conditions of the
civilian population in the United States. The National Center for
Health Statistics Research Ethics Review Board (Hyattsville, MD,
USA) authorized the survey procedure, and all participants
provided signed informed consent. NHANES provides detailed
information over the web (www.cdc.gov/nchs/nhanes/index.
htm; viewed on January 12, 2022).

We merged three cycles of NHANES data from 2007 to 2012
for this research (N = 30,442). We included participants aged 20
years or older who had a serum FT4 and FT3 test (N = 8,772).
We excluded participants who reported a history of thyroid
cancer or thyroid disease (N = 631), participants taking thyroid
drugs (liothyronine, levothyroxine, propylthiouracil, or
methimazole) or medications that alter thyroid function tests
(amiodarone, corticosteroids, and lithium) (N = 113), and those
without CVD or mortality outcome data (N = 10). Figure 1
depicts the full data integration process. There were a total of
8,018 people in the final analysis.
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Determination of serum thyroid function

Serum FT3 was detected by a competitive binding
immunoenzymatic assay, and serum FT4 was detected by a
two-step enzyme immunoassay. The reference range for
thyroid hormone levels in NHANES 2007-2012 was a serum
FT4 level of 0.6-1.6 ng/dL and a serum FT3 level of 2.5-3.9 ng/dL.
The monoclonal anti-T4 antibody coupled to biotin, sample,
buffered protein solution, and streptavidin-coated solid phase are
added to the reaction vessel. During this first incubation, the anti-
T4 antibody coupled to biotin binds to the solid phase and the
FT4 in the sample. After incubation in a reaction vessel, materials
bound to the solid phase are held in a magnetic field while
unbound materials are washed away. Next, buffered protein
solution and T3-alkaline phosphatase conjugate were added to
the reaction vessel. The T3-alkaline phosphatase conjugate binds
to the vacant anti-T4 antibody binding sites. After incubation in a
reaction vessel, materials bound to the solid phase are held in a
magnetic field while unbound materials are washed away. Further
detailed quality control steps can be found on the NHANES
website in the Mobile Examination Center (MEC) laboratory
procedure manual. FT4 is converted in peripheral tissues to active
FT3, which may be measured by the FT3/FT4 ratio (25).

Ascertainment of outcomes

National Center for Health Statistics mortality was
determined using a probabilistic record match between

NHANES 2007-2008, 2009-2010
and 2011-2012, N=30,442
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NHANES participants and National Death Index (NDI) death
certificate data. Through December 31, 2015, the NHANES-
linked NDI public access data was used to identify the mortality
status and cause of death.

CVD was diagnosed using self-reported physician diagnoses
obtained during an individual interview using a standardized
medical condition questionnaire. The participants were asked,
“Has a doctor or other health expert ever informed you that you
have CHF/CHD/angina pectoris/MI/stroke?” A person was
regarded as having CVD if he or she replied “yes” to any of the
above questions. The result was transformed to a binary variable.

Assessment of covariates

The following demographic and lifestyle variables were
obtained by standardized questionnaires during home
interviews: age, sex, race/ethnicity, educational level, and
marital status. Consumption of alcoholic beverages, body
weight, and height were determined during physical exams
conducted at the MEC. Age was categorized into 6 groups
(ages 18-29, 30-39, 40-49, 50-59, 60-69, and > 70 years). Body
mass index (BMI) was calculated by dividing the weight in
kilograms by the square of the height in meters, and subjects
were classified into 3 groups (< 25, 25-29.9 and > 30 kg/m?).
Race/ethnicity was categorized as Mexican American, non-
Hispanic white, non-Hispanic black, and other. Marital status
was categorized as married/living with partner, divorced/

Exclude participants < 20 years old and
missing data for FT3 and FT4 , N=20,670

8,772 adults participants with data
for FT3 and FT4

|

8,018 participants were enrolled in
the final analysis

FIGURE 1

754 were further excluded

631 with thyroid cancer or thyroid disease
113 use of thyroid medications or drugs that

alter thyroid function

10 without CVD or mortality outcomes

Flow Chart for Subject Selection. NHANES, National Health and Nutrition Examination Survey; FT3, free triiodothyronine; FT4, free thyroxine;

CVD, cardiovascular disease.
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widowed/separated, and never married. Educational attainment
was classified as less than high school, high school graduate/
general education development (GED), and a college degree or
more. Serum cotinine was applied to measure exposure to
environmental smoking and was categorized as follows: low-
exposed nonsmokers (serum cotinine < limit of detection),
highly exposed nonsmokers (serum cotinine was between the
limit of detection and < 10.0 ng/mL), and exposed smokers
(serum cotinine > 10.0 ng/mL). Alcohol consumption was
defined as regular drinking in the past 12 months (yes or no).
In addition, the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation was utilized to compute
the estimated glomerular filtration rate (eGFR) (26). Normal
renal function was defined as an eGFR > 90 mL/min/1.73 m?,
and renal impairment was defined as an eGFR < 90 mL/min/1.73
m? (27). Hypertension was defined as a self-reported medical
diagnosis of hypertension, self-reported use of blood pressure
drugs, > 140 mmHg measured systolic blood pressure or > 90
mmHg measured diastolic blood pressure. Diabetes was defined
as a self-reported medical diagnosis of diabetes, the intake of
antidiabetic medications or insulin, a glycated hemoglobin
(HbA1Ic) level of > 6.5%, a fasting glucose level of > 7.0 mmol/
L, or a two-hour glucose level of > 11.1 mmol/L after an oral
glucose tolerance test. Hypercholesterolemia was defined as total
cholesterol > 6.21 mmol/L, a documented history of
hypercholesterolemia, or the use of lipid-lowering drugs.

Statistical analysis

According to NHANES analytic standards, all analyses used
sample weights to account for the complicated survey design.
Continuous variables that were normally or approximately
normally distributed are reported as mean (standard deviation,
SD) and those with a skewed distribution as median (interquartile
range, IQR), while categorical variables are number (percentage,
%). With regard to categorical variables, we used the chi-squared
test; for normal continuous variables, we used one-way ANOVA;
and for skewed continuous variables, we used the Kruskal-
Wallis test.

Assessment of nonlinear associations of FT3, FT4, or FT3/
FT4 with all-cause and cardiovascular mortality and CVD risk
using the restricted cubic spline method (3 nodes, the 25th
percentile as a reference point).

The Cox proportional hazards models were employed to
estimate the hazard ratios (HRs) and 95% confidence interval
(CI) of all-cause and cardiovascular mortality for each SD
increment of the FT3, FT4 or FT3/FT4 ratio. To look into
putative links between thyroid hormone levels and CVD and
subtypes of CVD (CHF, CHD, angina pectoris, MI, and stroke),
we used binary logistic regression to calculate the odds ratios
(OR) and 95% CI per SD increase in the FT3, FT4, or FT3/FT4
ratio. Model 1 included adjustments for age and sex. Model 2
added race/ethnicity, education, marital status, serum cotinine,

Frontiers in Endocrinology

04

10.3389/fendo.2022.964822

and alcohol drinking. Model 3 was further adjusted for BMI,
hypertension, diabetes, hypercholesterolemia, renal impairment,
history of CVD, history of cancer, and history of liver
impairment, thyroid peroxidase antibodies (TPOAD),
thyroglobulin antibodies (TgAb), and thyroid-stimulating
hormone (TSH). Model 3 for CVD and CVD subtype risk
replaced CVD with a family history of CVD. Schoenfeld
residuals were employed to verify the proportional hazards
assumption, and no substantial breaches of the assumption
were discovered.

Stratified analyses were performed on the FT3/FT4 ratio
according to age (< 60 or > 60 years), sex (male or female), BMI
(<250r=25 kg/mz), hypertension (yes or no), diabetes (yes or
no), hypercholesterolemia (yes or no), and renal impairment
(yes or no). Multiplicative interactions were introduced to
determine whether the correlation between FT3/FT4 ratio and
all-cause mortality, cardiovascular mortality, and total CVD
varied due to the underlying factors mentioned above.

For the analyses, R version 3.6.1 (R Institute for Statistical
Computing, Vienna, Austria), Stata Statistical Software (Version
15.1; Stata Corp, College Station, TX, USA), and IBM SPSS
Statistics (Version 25; IBM, Armonk, NY, USA) were used for
the analyses. P<0.05 was considered statistically significant.

Results

Participant characteristics

The baseline characteristics of participants by quartile of
serum FT3/FT4 ratio are presented in Table 1. In our study,
8,018 participants participated in the analysis, including 789
participants with CVD. During a median 87-month (IQR 63-97)
follow-up, there were 699 all-cause deaths and 116
cardiovascular deaths. The average age of the subjects was
48.93 (17.62) years, and 48.50% were male. The levels of FT3,
FT4 or the FT3/FT4 ratio were approximately normally
distributed, with an average FT3 level of 3.18 (0.56) ng/dl, FT4
0f 0.79 (0.16) ng/dl, and a FT3/FT4 ratio of 4.13 (0.88). Subjects
with higher FT3/FT4 ratios were younger, female, never married,
obese, had higher cotinine levels, a higher proportion of subjects
drank alcohol, had less education, were less likely to be non-
Hispanic, and had fewer comorbidities such as cancer, renal
impairment, hypertension, diabetes, CVD, and CVD subtypes.

Thyroid hormone levels and
all-cause mortality

The relationships between thyroid hormone levels and all-
cause mortality are visually displayed using unadjusted restricted
cubic splines. As shown in Figure 2A and Supplementary
Figures 1A, D, the risk of all-cause mortality increased with
increasing serum FT4 in a J-shaped pattern; in contrast, the risk
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TABLE 1 Baseline characteristics of participants according to the FT3/FT4 ratio in NHANES Il (2007-2012).

Characteristic

Participants, No.

Age, mean (SD), y

Sex (men)

FT4, mean (SD), ng/dl
FT3, mean (SD), ng/dl
TSH, mean (SD), uIlU/ml

Race/ethnicity
Mexican American
Non-Hispanic white
Non-Hispanic black
Other

Education
< High school
High school/GED
> High school

Marital Status

Married/unmarried couple

Divorced/widowed/separated

Never married
Alcohol drinking
Cotinine, ng/mL

> 10

LOD-10

<LOD
BMI, kg/m?

<25

25-29.9

=30
Liver impairment
Renal impairment
Cancer
Diabetic
Hypertension
Hypercholesterolemia
CVD

CHF

CHD

Angina

MI

Stroke
Family history of CVD

Total

8018

48.93 (17.62)
3889 (48.50)
0.79 (0.16)
3.18 (0.56)

1.55
(1.05-2.31)

1332 (16.61)
1494 (18.63)
3554 (44.33)
1638 (20.43)

2351 (29.35)
1872 (23.37)
3786 (47.27)

4824 (60.18)
1743 (21.74)
1449 (18.08)
5333 (72.64)

2092 (26.10)
4309 (53.76)
1615 (20.15)

2361 (29.85)
2713 (34.30)
2836 (35.85)
276 (3.45)
3376 (42.13)
705 (8.81)
1475 (18.40)
3253 (40.58)
3086 (38.49)
789 (9.84)
219 (2.74)
289 (3.62)
178 (2.23)
316 (3.95)
278 (3.47)
991 (12.71)

Quartile 1
(< 3.589)

2004

55.95 (18.21)
1110 (55.39)
0.93 (0.18)
2.95 (0.41)

1.50
(1.03-2.19)

264 (13.17)
426 (21.26)
903 (45.06)
411 (20.51)

584 (29.22)
407 (20.36)
1008 (50.43)

1176 (58.71)
530 (26.46)
297 (14.83)
1224 (67.14)

406 (20.28)
1128 (56.34)
468 (23.38)

673 (34.27)
633 (32.23)
658 (33.50)
67 (3.35)
1131 (56.44)
239 (11.94)
525 (26.20)
1016 (50.72)
838 (41.84)
334 (16.67)
114 (5.72)
128 (6.42)
69 (3.46)
126 (6.30)
123 (6.15)
274 (14.16)

(3.590-4.064)

Quartile 2

2003

49.40 (17.65)
1037 (51.77)
0.81 (0.08)
3.11 (0.31)

1.55
(1.05-2.27)

315 (15.73)
374 (18.67)
878 (43.83)
436 (21.77)

542 (27.07)
455 (22.73)
1005 (50.20)

1226 (61.21)
438 (21.87)
339 (16.93)
1330 (72.28)

493 (24.61)
1079 (53.87)
431 (21.52)

593 (29.83)
698 (35.11)
697 (35.06)
76 (3.80)
883 (44.11)
202 (10.10)
356 (17.77)
798 (39.84)
777 (38.79)
175 (8.74)
45 (2.25)
69 (3.45)
46 (2.30)
69 (3.45)
64 (3.20)
240 (12.33)

Quartile 3
(4.065-4.570)

1887
46.06 (16.65)
865 (45.84)
0.76 (0.12)
3.26 (0.52)

1.57
(1.06-2.31)

336 (17.81)
317 (16.80)
873 (46.26)
361 (19.13)

568 (30.12)
451 (23.91)
867 (45.97)

1127 (59.76)
392 (20.79)
367 (19.46)
1289 (74.60)

549 (29.09)
960 (50.87)
378 (20.03)

556 (29.88)
632 (33.96)
673 (36.16)
61 (3.24)
682 (36.18)
152 (8.06)
299 (15.85)
682 (36.14)
675 (35.77)
141 (7.47)
32 (1.70)
54 (2.87)
38 (2.02)
68 (3.61)
44 (2.34)
207 (11.24)

10.3389/fendo.2022.964822

Quartile 4
(= 4.571)

2124

44.41 (15.63)
877 (41.29)

0.67 (0.11)

341 (0.75)

1.60
(1.06-2.42)

417 (19.63)
377 (17.75)
900 (42.37)
430 (20.25)
657 (30.96)
559 (26.34)
906 (42.70)

1295 (60.97)
383 (18.03)
446 (21.00)
1490 (76.37)

644 (30.32)
1142 (53.77)
338 (15.91)

539 (25.70)
750 (35.77)
808 (38.53)
72 (3.40)
680 (32.05)
112 (5.28)
295 (13.89)
757 (35.64)
796 (37.48)
139 (6.54)
28 (1.32)
38 (1.80)
25 (1.18)
53 (2.50)
47 (2.22)
270 (13.01)

P value

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

< 0.001

< 0.001

< 0.001

< 0.001
< 0.001

< 0.001

0.787
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.053

FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; GED, general education development; LOD, limit of detection; BMI, body mass index; CVD,

cardiovascular diseases; CHF, congestive heart failure; CHD, coronary heart disease; MI, myocardial infarction.
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of all-cause mortality dropped as serum FT3 and FT3/FT4 ratio
increased in a reversed J-shaped pattern. After adjusting for all
the covariates, the results of the multivariable Cox proportional
hazards model were consistent with the unadjusted models, the
risk of all-cause mortality increased by 15% (HR, 1.15; 95% CI,
1.09-1.22) for each SD increase in FT4, while the risk of all-cause
mortality decreased by 19% (HR 0.81; 95% CI, 0.70-0.93) for
each SD increase in FT3 and 23% (HR 0.77; 95% CI, 0.69-0.85)
for each SD increase in the FT3/FT4 ratio (Table 2).

Thyroid hormone levels and
cardiovascular mortality

The findings for cardiovascular mortality were similar to
those for all-cause mortality. As shown in Figure 2B and

>
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Supplementary Figures 1B, E, the risk of cardiovascular
mortality increased with increasing serum FT4 in a J-shaped
pattern; in contrast, the risk of cardiovascular mortality dropped
as serum FT3 and FT3/FT4 ratio increased in a reversed J-
shaped pattern. After adjusting for covariates, each SD increase
in FT4 increased the risk of cardiovascular mortality by 18%
(HR, 1.18; 95% CI, 1.01-1.39); in contrast, each SD increase in
the FT3/FT4 ratio decreased the risk of cardiovascular mortality
by 21% (HR, 0.79; 95% CI, 0.62-1.00). However, after
adjustments were made to the full model (model 3), the
relationship between FT3 and cardiovascular mortality was not
statistically significant. This finding seemed to indicate that
compared with FT3 or FT4 alone, the FT3/FT4 ratio may be a
more precise and reasonable indicator of thyroid hormone
metabolic variance and is related to cardiovascular mortality in
the general population.
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Association of the FT3/FT4 Ratio with All-cause Mortality, Cardiovascular Mortality, and CVD Risk by Unadjusted Restricted Cubic Splines. (A)
Association of the FT3/FT4 Ratio with All-cause Mortality. (B) Association of the FT3/FT4 Ratio with Cardiovascular Mortality. (C) Association of
the FT3/FT4 Ratio with CVD Risk.FT3, free triiodothyronine; FT4, free thyroxine.

TABLE 2 Hazard Ratios of All-Cause and Cardiovascular Mortality by FT3, FT4 or FT3/FT4 Value Among Participants in NHANES Il (2007-2012).

FT3 FT4 FT3/FT4
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

All-cause mortality

Unadjusted 0.40 (0.35-0.45) < 0.001 1.12 (1.08-1.16) < 0.001 0.51 (0.47-0.56) < 0.001
Model 1 0.74 (0.65-0.84) < 0.001 1.17 (1.11-1.23) < 0.001 0.73 (0.67-0.81) < 0.001
Model 2 0.76 (0.66-0.87) < 0.001 1.17 (1.11-1.24) < 0.001 0.73 (0.66-0.81) < 0.001
Model 3 0.81 (0.70-0.93) 0.003 1.15 (1.09-1.22) < 0.001 0.77 (0.69-0.85) < 0.001
Cardiovascular mortality

Unadjusted 0.37 (0.28-0.51) < 0.001 1.13 (1.04-1.22) 0.005 0.52 (0.42-0.66) < 0.001
Model 1 0.72 (0.52-1.00) 0.047 1.20 (1.05-1.37) 0.008 0.77 (0.61-0.96) 0.022
Model 2 0.71 (0.51-1.00) 0.047 1.20 (1.05-1.38) 0.008 0.75 (0.59-0.95) 0.015
Model 3 0.75 (0.53-1.06) 0.105 1.18 (1.01-1.39) 0.042 0.79 (0.62-1.00) 0.048

FT3, free triiodothyronine; FT4, free thyroxine.
Model 1: adjusted for age (6 groups) and sex (male or female).

Model 2: further adjusted for race/ethnicity (Mexican American, Non-Hispanic white, Non-Hispanic black or Other), education (< high school, high school/GED or > high school), marital
status (married/living with partner, divorced/widowed/separated, or never married), serum cotinine (> 10, LOD-10 or < LOD ng/mL), alcohol drinking (yes or no).

Model 3: further adjusted for BMI (< 25, 25-29.9 and > 30 kg/m?), hypertension (yes or no), diabetes (yes or no), hypercholesterolemia (yes or no), renal impairment (yes or no), history of
CVD (yes or no), history of cancer (yes or no), history of liver impairment (yes or no), TSH (continuous), TPOAb (continuous), TgAb (continuous).
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Relationship between thyroid hormone
levels and CVD and CVD subtypes

The relationships between thyroid hormone levels and total
CVD are visually displayed using unadjusted restricted cubic
splines. As shown in Figure 2C and Supplementary Figures 1C,
F, the risk of CVD increased with increasing serum FT4 in a J-
shaped pattern; in contrast, the risk of CVD dropped as serum
FT3 and FT3/FT4 ratio increased in a reversed J-shaped
pattern. As shown in Table 3, the fully adjusted model and
unadjusted results were similar, with each 1 SD increment in
FT4 increasing CVD risk by 17% (HR, 1.17; 95% CI, 1.08-1.27);
in contrast, each 1 SD increment in the FT3/FT4 ratio

10.3389/fendo.2022.964822

decreased CVD risk by 18% (HR, 0.82; 95% CI, 0.74-0.92).
After adjusting the full model (model 3), the relationship
between FT3 and CVD risk was not statistically significant.
There are five common subtypes of CVD, including CHF,
CHD, angina pectoris, MI, and stroke. After adjusting for all the
covariates in logistic regression, we found that FT4 level was
positively associated with the risk of CHF, CHD, and stroke, and
the corresponding ORs and 95% CIs of each SD increment in
FT4 were 1.22 (1.08-1.37), 1.20 (1.06-1.37), and 1.20 (1.08-1.33),
respectively. In contrast, FT3 level was negatively associated with
the risk of CHF, CHD, and angina pectoris, the corresponding
ORs and 95% CIs of each SD increment in FT3 were 0.57 (0.43-
0.77), 0.69 (0.54-0.89), and 0.73 (0.54-0.99); the FT3/FT4 ratio
was negatively associated with the risk of CHF, CHD, MI, and

TABLE 3 Odds ratios of total and individual CVD risk by FT3, FT4 or FT3/FT4 levels among participants in NHANES Il (2007-2012).

FT3 FT4 FT3/FT4

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
CVD
Unadjusted 0.48 (0.42-0.54) < 0.001 1.12 (1.08-1.16) < 0.001 0.57 (0.52-0.63) < 0.001
Model 1 0.85 (0.74-0.97) 0.014 117 (1.11-1.23) < 0.001 0.78 (0.71-0.86) < 0.001
Model 2 0.86 (0.75-1.00) 0.042 1.17 (1.10-1.26) < 0.001 0.79 (0.72-0.88) < 0.001
Model 3 0.89 (0.76-1.03) 0.124 117 (1.08-1.27) < 0.001 0.82 (0.74-0.92) 0.001
Congestive heart failure
Unadjusted 0.34 (0.27-0.43) < 0.001 1.17 (1.09-1.27) < 0.001 0.43 (0.36-0.51) < 0.001
Model 1 0.54 (0.42-0.69) < 0.001 1.22 (1.12-1.33) < 0.001 0.58 (0.48-0.69) < 0.001
Model 2 0.54 (0.41-0.70) < 0.001 1.21 (1.10-1.32) < 0.001 0.58 (0.48-0.70) < 0.001
Model 3 0.57 (0.43-0.77) < 0.001 1.22 (1.08-1.37) 0.001 0.63 (0.51-0.77) < 0.001
Coronary heart disease
Unadjusted 0.38 (0.31-0.46) < 0.001 1.14 (1.05-1.22) 0.001 0.49 (0.42-0.57) < 0.001
Model 1 0.61 (0.49-0.76) < 0.001 1.17 (1.06-1.29) 0.002 0.67 (0.57-0.78) < 0.001
Model 2 0.60 (0.48-0.76) < 0.001 117 (1.05-1.31) 0.005 0.67 (0.57-0.79) < 0.001
Model 3 0.69 (0.54-0.89) 0.004 1.20 (1.06-1.37) 0.005 0.68 (0.57-0.82) < 0.001
Angina pectoris
Unadjusted 0.43 (0.34-0.55) < 0.001 1.08 (0.97-1.20) 0.150 0.60 (0.50-0.72) < 0.001
Model 1 0.70 (0.53-0.91) 0.009 1.07 (0.93-1.24) 0.334 0.79 (0.66-0.95) 0.013
Model 2 0.67 (0.51-0.89) 0.006 1.08 (0.92-1.26) 0.356 0.78 (0.64-0.95) 0.013
Model 3 0.73 (0.54-0.99) 0.042 1.04 (0.88-1.23) 0.656 0.83 (0.67-1.02) 0.070
Myocardial infarction
Unadjusted 0.51 (0.42-0.61) < 0.001 1.10 (1.02-1.19) 0.015 0.63 (0.55-0.73) < 0.001
Model 1 0.79 (0.65-0.97) 0.024 1.11 (1.00-1.23) 0.045 0.82 (0.72-0.94) 0.005
Model 2 0.76 (0.62-0.95) 0.013 1.12 (1.01-1.25) 0.036 0.81 (0.70-0.94) 0.004
Model 3 0.84 (0.67-1.05) 0.132 1.13 (0.99-1.27) 0.062 0.83 (0.71-0.98) 0.025
Stroke
Unadjusted 0.53 (0.44-0.64) < 0.001 1.18 (1.09-1.27) < 0.001 0.55 (0.47-0.64) < 0.001
Model 1 0.97 (0.80-1.18) 0.744 1.20 (1.11-1.30) < 0.001 0.77 (0.66-0.90) 0.001
Model 2 1.03 (0.87-1.23) 0.698 1.19 (1.10-1.30) < 0.001 0.80 (0.68-0.94) 0.005
Model 3 1.05 (0.87-1.27) 0.622 1.20 (1.08-1.33) 0.001 0.83 (0.70-0.99) 0.036

FT3, free triiodothyronine; FT4, free thyroxine; CVD, cardiovascular diseases.

Model 1: adjusted for age (6 groups) and sex (male or female).

Model 2: further adjusted for race/ethnicity (Mexican American, non-Hispanic white, non-Hispanic black or other), education (< high school, high school/GED or > high school), marital
status (married/living with partner, divorced/widowed/separated, or never married), serum cotinine (> 10, LOD-10 or < LOD ng/mL), alcohol drinking (yes or no).

Model 3: further adjusted for BMI (< 25, 25-29.9 and > 30 kg/m”®), hypertension (yes or no), diabetes (yes or no), hypercholesterolemia (yes or no), renal impairment (yes or no), family
history of CVD (yes or no), history of cancer (yes or no), and history of liver impairment (yes or no), TSH (continuous), TPOAb (continuous), TgAb (continuous).
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stroke, the corresponding ORs and 95% CIs of each SD
increment in the FT3/FT4 ratio were 0.63 (0.51-0.77), 0.68
(0.57-0.82), 0.83 (0.71-0.98), and 0.83 (0.70-0.99), respectively.

These findings seem to indicate that the correlation between the
FT3/FT4 ratio and CVD is stronger than that of FT'3 or FT4 only.

FT3/FT4 ratio and stratified analyses

Stratified analysis of the FT3/FT4 ratio and the risks of
mortality and total CVD is shown in Figure 3 and
Supplementary Figure 2. The stratified results were generally
consistent with the overall result. A higher FT3/FT4 ratio was
associated with a lower risk of all-cause mortality, cardiovascular
mortality, and CVD risk across subgroups. There was no
significant interaction between the FT3/FT4 ratio and sex, age,
hypertension, or hyperlipidemia, but there was a significant
interaction between the FT3/FT4 ratio and diabetes, eGFR,
and BMI. The impact of the FT3/FT4 ratio on all-cause and
cardiovascular mortality was stronger in the nondiabetic, renal
impairment and BMI < 25 kg/m* subgroups. Similarly, the link
between the FT3/FT4 ratio and cardiovascular disease was
stronger in the nondiabetic and renal impairment subgroups.

Discussion

In this nationwide survey, we found a significant link
between thyroid hormone levels and death and CVD risk.

10.3389/fendo.2022.964822

High FT4 levels increased the risk of all-cause mortality,
cardiovascular mortality, and CVD, while high FT3 or a high
FT3/FT4 ratio reduced the risk of all-cause mortality,
cardiovascular mortality, and CVD.

Thyroid hormones mainly include T3 and T4. Thyroid
hormone receptors are present in most tissues, as are
thyroid hormone receptors in the heart and blood vessels.
Thyroid hormones have a series of effects on the cardiovascular
system. The underlying mechanisms are endothelial dysfunction,
blood pressure changes, myocardial dysfunction, and
dyslipidemia (1). Patients with severe hypothyroidism or
hyperthyroidism are known to have an accelerated onset of
CVD (1). Recent studies have linked changes in thyroid
hormones within the reference range with adverse clinical
outcomes in the general population. Cappola AR et al. enrolled
2,843 elderly community residents in the U.S. and followed them
up for 18 years. They found that higher FT4 within the reference
range was linked to an increased risk of all-cause mortality (24).
Neves et al. included 7,116 adult subjects in the NHANES
database and reported that lower serum FT3 within the normal
thyroid function range was associated with an increased risk of
cardiovascular death (28). Our findings support this notion, as we
shown that, after adjusting for all variables, higher FT4 levels
increased the risk of all-cause and cardiovascular mortality, higher
FT3 levels decreased the risk of all-cause mortality, and FT3 had a
trend toward being associated with lower cardiovascular
mortality, but this was not statistically significant. In contrast
with our study, Groothof D et al. included 6,054 community

A B
Characteristics HR(95% Cl) p interaction Characteristics HR(95% Cl) p interaction
Age . Age .
<60 0.80(0.65-0.98) —e— 0.171 <60 0.89(0.50-1.57) —e+——  0.123
=60 0.76(0.68-0.86) —e— | 260 0.75(0.58-0.99) +—e—
Sex . Sex .
Male 0.77(0.68-0.87) +—e— | 0.53 Male 0.83(0.64-1.08) +—e— 0.093
Female 0.78(0.66-0.93) +—e— ! Female 0.63(0.38-1.03) —e—
BMI : BMI :
<25 0.72(0.60-0.87y—e— ! 0.014 <25 0.55(0.33-0.91y—— ! 0.008
225 0.80(0.71-0.90) +eo— : 225 0.87(0.66-1.14) '—0-:—4
Hypertension ! Hypertension !
Yes 0.80(0.71-0.90) +e— 0.178 Yes 0.84(0.64-1.09) +o—r 0.111
No 0.75(0.62-0.91)—e— 1 No 0.62(0.36-1.08)—e—
Diabetes : Diabetes i
Yes 0.82(0.70-0.96) +—e—, 0.016 Yes 0.93(0.66-1.32) +—er— 0.001
No 0.76(0.67-0.86) —o— No 0.67(0.48-0.93) —o—,
Hypercholesterolemia : Hypercholesterolemia :
Yes 0.80(0.69-0.93) +—e— , 0.095 Yes 0.61(0.43-0.87) —e— , 0.802
No 0.75(0.65-0.86) —e— | No 0.97(0.70-1.35)  +—4—
eGFR ! eGFR !
<90 0.73(0.65-0.82) —e— | <0.001 <90 0.70(0.53-0.92) +~e—, <0.001
290 0.97(0.80-1.17)  —et—i 290 1.09(0.78-1.52)  +—le—i
06 08 10 04 08 12 16

FIGURE 3

Stratified Analysis of the FT3/FT4 Ratio and Risk of All-cause Mortality and Cardiovascular Mortality. (A) Stratified Analysis of the FT3/FT4 Ratio
and Risk of All-cause Mortality. (B) Stratified Analysis of the FT3/FT4 Ratio and Risk of Cardiovascular Mortality. FT3, free triiodothyronine; FT4,

free thyroxine; BMI, body mass index; CVD, cardiovascular disease
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subjects and showed that higher FT3, not lower FT3, raised the
risk of all-cause death in women (29). Ceresini G et al. included
815 community residents aged > 65 who were followed up for 9
years and showed that neither FT3 nor FT4 was correlated with
all-cause mortality (30). The contradictory findings might be
because FT3 or FT4 alone does not represent global alterations
in thyroid hormone metabolism (18).

Although T4 is the most abundant thyroid hormone in the
circulation, the main thyroid hormone action comes from T3,
and most circulating T3 is converted from peripheral T4 by
deiodinase. Hence, the transformation of T4 to T3 is critical for
the creation of circulating T3 and for the thyroid hormone
effects on the cardiovascular system, a process that can be
quantified in the FT3/FT4 ratio (31-33). The FT3/FT4 ratio
may be a more precise and feasible indicator of thyroid hormone
metabolic variability that is more strongly associated with
prognosis than FT3 or FT4 alone (18). Pasqualetti G et al.
showed that a reduced FT3/FT4 ratio was a valid prognostic
parameter for higher mortality in hospitalized elderly patients
(34). The FT3/FT4 ratio may be a useful indicator of higher
mortality risk in patients diagnosed with DCM and is associated
with worsening cardiac function (17). Similarly, in euthyroid
individuals undergoing percutaneous coronary intervention
with a prior cardiovascular event, the FT3/FT4 ratio could be
a significant predictor of all-cause death and cardiac death (35).
A low FT3/FT4 ratio is correlated with an increased risk of long-
term cardiac death and major adverse cardiovascular and
cerebrovascular events in euthyroid individuals with three-
vessel coronary artery disease (18). However, the connection
between the baseline FT3/FT4 ratio with CVD and whether it
predicts long-term mortality is unclear. By integrating and
analyzing the data from the large NHANES database, we
propose for the first time that among U.S. adults, the FT3/FT4
ratio is associated with CVD and is an independent predictor of
cardiovascular death and all-cause death. Further stratified
analysis showed that the above results had good predictive
ability in each subgroup.

After adjusting for all variables, higher FT4 was independently
correlated with an elevated risk of CVD, while a higher FT3/FT4
ratio was independently correlated with a decreased risk of CVD,
with a nonsignificant trend toward a lower CVD risk for FT3.
Similar to our study, a large population-based survey showed that
in the euthyroid general population, the risk of CVD during
follow-up in the highest tertile of FT4 was 1.32 times higher than
that in the lowest tertile (36). A correlation of FT3 with CVD in
the general population has not been reported, but seemingly
inconsistent with our study, Kim HJ et al. showed that high
baseline FT3 levels in the general population were associated with
the development of metabolic syndrome (37). Interestingly, after
the development of CVD, the normal negative feedback regulation
of thyroid function may be disrupted by the disease, resulting in
decreased serum FT3 but no significant change in FT4 or TSH,
this phenomenon is also known as the low-T3 syndrome (38-42).
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In these diseases, the reduction in T3 is likely due to reduced
deiodination of the conversion of T4 to T3, changing T4
metabolism to greater amounts of physiologically inactive
reverse T3 (43). Based on the above, we boldly speculate that in
our study, high levels of FT4 may lead to the occurrence of CVD,
and CVD causes a decrease in deiodinase activity, which in turn
leads to a decrease in T3, so FT4 and CVD are positively
correlated, while FT3 and the FT3/FT4 ratio are negatively
correlated with CVD, but this needs to be confirmed by further
prospective studies.

There are certain limitations to our research. First, this
evaluation of the links between thyroid hormone levels and
CVD was based on cross-sectional data and therefore could not
establish a causal relationship. At the same time, we were unable
to obtain data on unrecognized CVD in patients, which may
affect the accuracy of the results. Still, due to our large sample
size and good adjustment for collected confounders, we provide
the best available evidence for assessing the associations between
thyroid hormone levels and CVD in humans. Second, we cannot
completely rule out measurement error, since a single serum
thyroid assay was done on each volunteer, though thyroid
hormone levels in a given person stay within a narrow range
over time (44). Finally, although we controlled for many possible
confounders, our findings may be affected by residual
confounders, random error, or factors that were not controlled
for, since the many factors that affect CVD and survival can bias
the outcomes.

Conclusions

In U.S. adults without prior thyroid disease, FT3, FT4, and
the FT3/FT4 ratio were all independent predictors of all-cause
death. FT4 and the FT3/FT4 ratio, but not FT3, were shown to
be independent predictors of cardiovascular mortality and CVD
risk. Along with the FT3 and FT4 concentrations, we should pay
equal attention to the FT3/FT4 ratio in the general population.

Data availability statement

Publicly available datasets were analyzed in this study. This
data can be found here: www.cdc.gov/nchs/nhanes/index.htm/.

Ethics statement

The studies involving human participants were reviewed and
approved by the National Center for Health Statistics Ethics. The
patients/participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

frontiersin.org


http://www.cdc.gov/nchs/nhanes/index.htm/
https://doi.org/10.3389/fendo.2022.964822
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Lang et al.

Author contributions

Conceptualization, XL and YL. Methodology, XL and YL.
Software, XL, YL and NW. Data curation, XL, YL, YHZ and NW.
Visualization, XL, DZ and YHZ. Validation, XL and YL. Writing
the original draft, XL, YL and DZ. Writing, review, and editing,
XL and YZ. Supervision, XL and YZ. Funding acquisition, YZ
and YL. All authors agreed to the published version of
this manuscript.

Funding

This research was funded by the National Natural Science
Foundation of China (grant 81770255 to YZ and grant 82000381
to YL) and the Open Project of Key Laboratory of Myocardial
Ischemia, Ministry of Education (grant KF202103 to YZ and
grant KF202216 to XL).

Acknowledgments

We thank all authors for their contributions and support.

References

1. Razvi S, Jabbar A, Pingitore A, Danzi S, Biondi B, Klein I, et al. Thyroid
hormones and cardiovascular function and diseases. ] Am Coll Cardiol (2018) 71
(16):1781-96. doi: 10.1016/j.jacc.2018.02.045

2. Nie X, Ma X, Xu Y, Shen Y, Wang Y, Bao Y. Increased serum adipocyte fatty
acid-binding protein levels are associated with decreased sensitivity to thyroid
hormones in the euthyroid population. Thyroid (2020) 30(12):1718-23.
doi: 10.1089/thy.2020.0011

3. Wang W, Wang S, Zhang K, Chen J, Zhang X, Shao C, et al. Hypothyroidism
is associated with clinical outcomes in patients with acute myocardial infarction:
subgroup analysis of China PEACE study. Endocrine (2021) 74(1):128-37.
doi: 10.1007/s12020-021-02742-w

4. Hayashi T, Hasegawa T, Kanzaki H, Funada A, Amaki M, Takahama H, et al.
Subclinical hypothyroidism is an independent predictor of adverse cardiovascular
outcomes in patients with acute decompensated heart failure. ESC Heart Fail
(2016) 3(3):168-76. doi: 10.1002/ehf2.12084

5. Kannan L, Shaw PA, Morley MP, Brandimarto J, Fang JC, Sweitzer NK, et al.
Thyroid dysfunction in heart failure and cardiovascular outcomes. Circ Heart Fail
(2018) 11(12):e005266. doi: 10.1161/CIRCHEARTFAILURE.118.005266

6. Bai MF, Gao CY, Yang CK, Wang XP, Liu J, Qi DT, et al. Effects of thyroid
dysfunction on the severity of coronary artery lesions and its prognosis. J Cardiol
(2014) 64(6):496-500. doi: 10.1016/j.jjcc.2014.03.009

7. Wang W, Guan H, Gerdes AM, Iervasi G, Yang Y, Tang YD. Thyroid status,
cardiac function, and mortality in patients with idiopathic dilated cardiomyopathy.
J Clin Endocrinol Metab (2015) 100(8):3210-8. doi: 10.1210/jc.2014-4159

8. Merke A, Merke J, Silbernagel G, Marz W. Free thyroid hormones and mortality
in caucasians undergoing angiography: The ludwigshafen risk and cardiovascular health
(Luric) study. Endocr Pract (2017) 23(3):288-98. doi: 10.4158/EP161217.0R

9. Ataoglu HE, Ahbab S, Serez MK, Yamak M, Kayas D, Canbaz ET, et al.
Prognostic significance of high free T4 and low free T3 levels in non-thyroidal
illness syndrome. Eur J Intern Med (2018) 57:91-5. doi: 10.1016/j.¢jim.2018.07.018

10. Lee S, Farwell AP. Euthyroid sick syndrome. Compr Physiol (2016) 6
(2):1071-80. doi: 10.1002/cphy.c150017

11. Liu ZM, Li G, Wu Y, Zhang D, Zhang S, Hao YT, et al. Increased central and
peripheral thyroid resistance indices during the first half of gestation were
associated with lowered risk of gestational diabetes-analyses based on huizhou

Frontiers in Endocrinology

10

10.3389/fendo.2022.964822

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fendo.
2022.964822/full#supplementary-material

birth cohort in south China. Front Endocrinol (Lausanne) (2022) 13:806256.
doi: 10.3389/fend0.2022.806256

12. Wang C, Han S, Li Y, Tong F, Li Z, Sun Z. Value of FT3/FT4 ratio in
prognosis of patients with heart failure: A propensity-matched study. Front
Cardiovasc Med (2022) 9:859608. doi: 10.3389/fcvm.2022.859608

13. Zhou G, Xu Y, Zhai Y, Gong Z, Xu K, Wang G, et al. The association
between serum palmitic acid and thyroid function. Front Endocrinol (Lausanne)
(2022) 13:860634. doi: 10.3389/fendo.2022.860634

14. Birck MG, Almeida-Pititto B, Janovsky C, Goulart AC, Santos IS, Teixeira P,
et al. Thyroid-stimulating hormone and thyroid hormones and incidence of
diabetes: Prospective results of the Brazilian longitudinal study of adult health
(ELSA-BRASIL). Thyroid (2022) 32(6):694-704. doi: 10.1089/thy.2021.0533

15. Gao S, Ma W, Huang S, Lin X, Yu M. Predictive value of free
triiodothyronine to free thyroxine ratio in euthyroid patients with myocardial
infarction with nonobstructive coronary arteries. Front Endocrinol (Lausanne)
(2021) 12:708216. doi: 10.3389/fendo.2021.708216

16. Brozaitiene J, Mickuviene N, Podlipskyte A, Burkauskas J, Bunevicius R.
Relationship and prognostic importance of thyroid hormone and n-terminal pro-
B-Type natriuretic peptide for patients after acute coronary syndromes: a
longitudinal observational study. BMC Cardiovasc Disord (2016) 16:45.
doi: 10.1186/512872-016-0226-2

17. Kozdag G, Ural D, Vural A, Agacdiken A, Kahraman G, Sahin T, et al.
Relation between free triiodothyronine/free thyroxine ratio, echocardiographic
parameters and mortality in dilated cardiomyopathy. Eur ] Heart Fail (2005) 7
(1):113-8. doi: 10.1016/j.ejheart.2004.04.016

18. Yuan D, Zhang C, Jia S, Liu Y, Jiang L, Xu L, et al. Predictive value of free
triiodothyronine (FT3) to free thyroxine (FT4) ratio in long-term outcomes of
euthyroid patients with three-vessel coronary artery disease. Nutr Metab
Cardiovasc Dis (2021) 31(2):579-86. doi: 10.1016/j.numecd.2020.10.011

19. Xu C, Liang J, Xu S, Liu Q, Xu J, Gu A. Increased serum levels of aldehydes
are associated with cardiovascular disease and cardiovascular risk factors in adults.
] Hazard Mater (2020) 400:123134. doi: 10.1016/j.jhazmat.2020.123134

20. Zhang K, Tang YD, Zhang Y, Ojamaa K, Li Y, Saini AS, et al. Comparison of
therapeutic triiodothyronine versus metoprolol in the treatment of myocardial
infarction in rats. Thyroid (2018) 28(6):799-810. doi: 10.1089/thy.2017.0544

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2022.964822/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.964822/full#supplementary-material
https://doi.org/10.1016/j.jacc.2018.02.045
https://doi.org/10.1089/thy.2020.0011
https://doi.org/10.1007/s12020-021-02742-w
https://doi.org/10.1002/ehf2.12084
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005266
https://doi.org/10.1016/j.jjcc.2014.03.009
https://doi.org/10.1210/jc.2014-4159
https://doi.org/10.4158/EP161217.OR
https://doi.org/10.1016/j.ejim.2018.07.018
https://doi.org/10.1002/cphy.c150017
https://doi.org/10.3389/fendo.2022.806256
https://doi.org/10.3389/fcvm.2022.859608
https://doi.org/10.3389/fendo.2022.860634
https://doi.org/10.1089/thy.2021.0533
https://doi.org/10.3389/fendo.2021.708216
https://doi.org/10.1186/s12872-016-0226-2
https://doi.org/10.1016/j.ejheart.2004.04.016
https://doi.org/10.1016/j.numecd.2020.10.011
https://doi.org/10.1016/j.jhazmat.2020.123134
https://doi.org/10.1089/thy.2017.0544
https://doi.org/10.3389/fendo.2022.964822
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Lang et al.

21. ZhangY, Kim BK, Chang Y, Ryu S, Cho J, Lee WY, et al. Thyroid hormones
and coronary artery calcification in euthyroid men and women. Arterioscler
Thromb Vasc Biol (2014) 34(9):2128-34. doi: 10.1161/ATVBAHA.114.303889

22. Wang J, Zheng X, Sun M, Wang Z, Fu Q, Shi Y, et al. Low serum free
thyroxine concentrations associate with increased arterial stiffness in euthyroid
subjects: a population-based cross-sectional study. Endocrine. (2015) 50(2):465-73.
doi: 10.1007/s12020-015-0602-1

23. Roef GL, Rietzschel ER, Van Daele CM, Taes YE, De Buyzere ML, Gillebert
TC, et al. Triiodothyronine and free thyroxine levels are differentially associated with
metabolic profile and adiposity-related cardiovascular risk markers in euthyroid
middle-aged subjects. Thyroid (2014) 24(2):223-31. doi: 10.1089/thy.2013.0314

24. Cappola AR, Arnold AM, Wulczyn K, Carlson M, Robbins J, Psaty BM.
Thyroid function in the euthyroid range and adverse outcomes in older adults. J
Clin Endocrinol Metab (2015) 100(3):1088-96. doi: 10.1210/jc.2014-3586

25. Ellervik C, Roselli C, Christophersen IE, Alonso A, Pietzner M, Sitlani CM,
et al. Assessment of the relationship between genetic determinants of thyroid
function and atrial fibrillation: A mendelian randomization study. JAMA Cardiol
(2019) 4(2):144-52. doi: 10.1001/jamacardio.2018.4635

26. Levey A, Stevens L, Schmid C, Zhang Y, Castro A, Feldman H, et al. A new
equation to estimate glomerular filtration rate. Ann Internal Med (2009) 150
(9):604-12. doi: 10.7326/0003-4819-150-9-200905050-00006

27. Cheung N, Klein R, Wang JJ, Cotch MF, Islam AF, Klein BE, et al.
Traditional and novel cardiovascular risk factors for retinal vein occlusion: the
multiethnic study of atherosclerosis. Invest Ophthalmol Vis Sci (2008) 49(10):4297—
302. doi: 10.1167/i0vs.08-1826

28. Neves ]S, Leitao L, Baeta Baptista R, Bigotte Vieira M, Magrico R, Viegas
Dias C, et al. Lower free triiodothyronine levels within the reference range are
associated with higher cardiovascular mortality: An analysis of the NHANES. Int J
Cardiol (2019) 285:115-20. doi: 10.1016/j.ijcard.2019.03.009

29. Groothof D, Flores-Guerrero JL, Nolte IM, Bouma HR, Gruppen EG, Bano
A, et al. Thyroid function and risk of all-cause and cardiovascular mortality: a
prospective population-based cohort study. Endocrine (2021) 71(2):385-96.
doi: 10.1007/s12020-020-02397-z

30. Ceresini G, Marina M, Lauretani F, Maggio M, Bandinelli S, Ceda GP, et al.
Relationship between circulating thyroid-stimulating hormone, free thyroxine, and
free triiodothyronine concentrations and 9-year mortality in euthyroid elderly
adults. ] Am Geriatr Soc (2016) 64(3):553-60. doi: 10.1111/jgs.14029

31. Wejaphikul K, Groeneweg S, Hilhorst-Hofstee Y, Chatterjee VK, Peeters RP,
Meima ME, et al. Insight into molecular determinants of T3 vs T4 recognition from
mutations in thyroid hormone receptor alpha and beta. J Clin Endocrinol Metab
(2019) 104(8):3491-500. doi: 10.1210/jc.2018-02794

32. Maia AL, Goemann IM, Meyer EL, Wajner SM. Deiodinases: the balance of
thyroid hormone: type 1 iodothyronine deiodinase in human physiology and
disease. ] Endocrinol (2011) 209(3):283-97. doi: 10.1530/JOE-10-0481

33. Bassols J, Prats-Puig A, Soriano-Rodriguez P, Garcia-Gonzalez MM, Reid J,
Martinez-Pascual M, et al. Lower free thyroxin associates with a less favorable

Frontiers in Endocrinology

11

10.3389/fendo.2022.964822

metabolic phenotype in healthy pregnant women. J Clin Endocrinol Metab (2011)
96(12):3717-23. doi: 10.1210/jc.2011-1784

34. Pasqualetti G, Calsolaro V, Bernardini S, Linsalata G, Bigazzi R, Caraccio N,
et al. Degree of peripheral thyroxin deiodination, frailty, and long-term survival in
hospitalized older patients. J Clin Endocrinol Metab (2018) 103(5):1867-76.
doi: 10.1210/jc.2017-02149

35. Yuan D, Jia S, Zhu P, Zhang C, Liu Y, Liu R, et al. Usefulness of FT3 to FT4
ratio to predict mortality in euthyroid patients with prior cardiovascular events
undergoing PCI: Five-year findings from a Large single-center cohort study. Front
Endocrinol (2021) 12:700349. doi: 10.3389/fendo.2021.700349

36. Bano A, Dhana K, Chaker L, Kavousi M, Ikram MA, Mattace-Raso FUS,
et al. Association of thyroid function with life expectancy with and without
cardiovascular disease: The Rotterdam study. JAMA Intern Med (2017) 177
(11):1650-7. doi: 10.1001/jamainternmed.2017.4836

37. Kim HJ, Bae JC, Park HK, Byun DW, Suh K, Yoo MH, et al. Association of
triiodothyronine levels with future development of metabolic syndrome in
euthyroid middle-aged subjects: a 6-year retrospective longitudinal study. Eur J
Endocrinol (2017) 176(4):443-52. doi: 10.1530/EJE-16-0734

38. Favuzzi AMR, Venuti A, Bruno C, Nicolazzi MA, Fuorlo M, Dajko M, et al.
Hormonal deficiencies in heart failure with preserved ejection fraction: prevalence
and impact on diastolic dysfunction: a pilot study. Eur Rev Med Pharmacol Sci.
(2020) 24(1):352-61. doi: 10.26355/eurrev_202001_19933

39. Gao S, Ma W, Huang S, Lin X, Yu M. Impact of low triiodothyronine
syndrome on long-term outcomes in patients with myocardial infarction with
nonobstructive coronary arteries. Ann Med. (2021) 53(1):741-9. doi: 10.1080/
07853890.2021.1931428

40. Jabbar A, Pingitore A, Pearce SH, Zaman A, Iervasi G, Razvi S. Thyroid
hormones and cardiovascular disease. Nat Rev Cardiol (2017) 14(1):39-55.
doi: 10.1038/nrcardio.2016.174

41. Fraczek-Jucha M, Zbierska-Rubinkiewicz K, Kabat M, Plens K, Rychlak R,
Nessler J, et al. Low triiodothyronine syndrome and selenium deficiency -
undervalued players in advanced heart failure? A single center pilot study. BMC
Cardiovasc Disord (2019) 19(1):105. doi: 10.1186/s12872-019-1076-5

42. Amin A, Chitsazan M, Taghavi S, Ardeshiri M. Effects of triiodothyronine
replacement therapy in patients with chronic stable heart failure and low-
trilodothyronine syndrome: a randomized, double-blind, placebo-controlled
study. ESC Heart Fail. (2015) 2(1):5-11. doi: 10.1002/ehf2.12025

43. Weiss SL, Peters MJ, Alhazzani W, Agus MSD, Flori HR, Inwald DP, et al.
Surviving sepsis campaign international guidelines for the management of septic
shock and sepsis-associated organ dysfunction in children. Intensive Care Med
(2020) 46(Suppl 1):10-67. doi: 10.1007/s00134-019-05878-6

44. Andersen S, Pedersen K, Bruun N, Laurberg P. Narrow individual variations
in serum T(4) and T(3) in normal subjects: A clue to the understanding of
subclinical thyroid disease. J Clin Endocrinol Metab (2002) 87(3):1068-72.
doi: 10.1210/jcem.87.3.8165

frontiersin.org


https://doi.org/10.1161/ATVBAHA.114.303889
https://doi.org/10.1007/s12020-015-0602-1
https://doi.org/10.1089/thy.2013.0314
https://doi.org/10.1210/jc.2014-3586
https://doi.org/10.1001/jamacardio.2018.4635
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1167/iovs.08-1826
https://doi.org/10.1016/j.ijcard.2019.03.009
https://doi.org/10.1007/s12020-020-02397-z
https://doi.org/10.1111/jgs.14029
https://doi.org/10.1210/jc.2018-02794
https://doi.org/10.1530/JOE-10-0481
https://doi.org/10.1210/jc.2011-1784
https://doi.org/10.1210/jc.2017-02149
https://doi.org/10.3389/fendo.2021.700349
https://doi.org/10.1001/jamainternmed.2017.4836
https://doi.org/10.1530/EJE-16-0734
https://doi.org/10.26355/eurrev_202001_19933
https://doi.org/10.1080/07853890.2021.1931428
https://doi.org/10.1080/07853890.2021.1931428
https://doi.org/10.1038/nrcardio.2016.174
https://doi.org/10.1186/s12872-019-1076-5
https://doi.org/10.1002/ehf2.12025
https://doi.org/10.1007/s00134-019-05878-6
https://doi.org/10.1210/jcem.87.3.8165
https://doi.org/10.3389/fendo.2022.964822
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	FT3/FT4 ratio is correlated with all-cause mortality, cardiovascular mortality, and cardiovascular disease risk: NHANES 2007-2012
	Introduction
	Methods
	Study population
	Determination of serum thyroid function
	Ascertainment of outcomes
	Assessment of covariates
	Statistical analysis

	Results
	Participant characteristics
	Thyroid hormone levels and all-cause mortality
	Thyroid hormone levels and cardiovascular mortality
	Relationship between thyroid hormone levels and CVD and CVD subtypes
	FT3/FT4 ratio and stratified analyses

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


