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Background: Higher thyroid-stimulating hormone (TSH) amidst normal thyroid
hormone (TH) levels may contribute to a negative impact on cardiovascular
health (CVH). We sought to probe the associations between Life's Essential 8
(LE8), a newly revised CVH evaluation, and low thyroid function among US adults.

Methods: The datasets from the 2007-2012 National Health and Nutrition
Examination Survey (NHANES) were applied to the study. Low-normal thyroid
function and subclinical hypothyroidism (SCH) were both regarded to be low
thyroid function. Multivariable logistic regressions were utilized to inquire about
the relationship between LE8 and low thyroid function.

Results: Among the 6,315 participants (age >20 years), 1,375 (21.77%) were
ascertained to be low thyroid function. After adjusting possible confounders, a
higher LE8 score was linked to a lower probability of experiencing low thyroid
function (Odds ratio [OR] for each 10-point increase: 0.923 [95% ClI, 0.884-
0.964]). A similar correlation was found between the health factors score and low
thyroid function (OR for each 10-point increase: 0.905 [95% ClI, 0.876-0.935]).
Also, scoring better on physical activity (PA), body mass index (BMI), blood lipid,
blood glucose (BG), and blood pressure (BP) may be conducive to reducing the
rates of low thyroid function. Furthermore, subgroup and sensitivity analyses
indicated that the negative correlations were generally robust.

Conclusions: The LE8 score and health factors score were nonlinearly and
negatively related to the prevalence concerning low thyroid function.
Promoting the regulation of optimum CVH levels could work on mitigating the
load of low thyroid function and cardiovascular diseases (CVDs).
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low thyroid function, cardiovascular health, life’s essential 8, NHANES, cross-
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1 Introduction

Low thyroid function, a condition of high TSH level in the
presence of normal TH level, comprises low-normal thyroid function
and SCH (1). TH receptors are situated in myocardial and vascular
endothelial organizations, thus slight variations in TH can alter
cardiovascular function and affect end-organ regulation (2, 3). It is
now commonly recognized that significant hypothyroidism adversely
contributes to the morbidity and mortality of CVDs (4). However, a
growing body of evidence implies that low thyroid function may also
compromise cardiometabolic capacity, dramatically enhancing the
danger of hypertension, atherosclerosis, arrhythmias, and other
CVDs (5, 6). Meanwhile, it has been anticipated that 19.05 million
deaths of CVD worldwide in 2020, which represents an increase of
18.71% from 2010 (7). As a result, proactive screening and
monitoring of CVDs in low thyroid function patients may be of
assistance in improving CVH.

The American Heart Association (AHA) launched Life’s Simple
7 (LS7) in 2010, which includes 3 health behaviors and 4 health
factors to better surveillance of the CVH status of the general
population (8). In 2022, in response to the desire to enhance
feasibility in practice, the AHA, after more than a decade of
accumulated evidence and inspiration, updated the CVH
quantitative assessment instrument, known as LE8, to circumvent
the limitations of LS7 (9, 10). Compared with the original LS7, LE8
has upgraded the scoring specifications of CVH indicators to refine
and continuously track the CVH of individuals (11, 12).
Additionally, LE8 further incorporated sleep health to capture the
essential role of sleep in human life maintenance and
cardiometabolic health (7). Taking into account the close
connection between low thyroid function and CVDs, promoting
CVH may represent an appropriate means of mitigating thyroid
dysfunction and CVD damage. There have been no available studies
linking LE8 to low thyroid function. This nationwide representative
research evaluated the relationship between the two using NHANES
data, aiming to generate novel strategies for the long-term
management of low thyroid function and CVDs.

2 Methods
2.1 Study participants

NHANES is a population-based study employing a stratified,
sophisticated, and random sampling scheme to deliver a wealth of
details about the condition of general health and nutrition in the
US. The NHANES study protocol was authorized and affirmed by
the National Center for Health Statistics (NCHS) Research Ethics
Review Board, and written informed permissions were provided.
Public access to more thorough research methodologies and figures
is available at https://www.cdc.gov/nchs/nhanes/.

NHANES data from 2007 to 2012 were used in this study.
Among the 30,442 participants, 17,713 were 220 years. We
eliminated 8,936 participants with missing thyroid function data
(TSH, FT4), 1,990 participants with missing LE8 data, 207
participants with missing covariates and self-reported histories of
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CVD data, and 68 pregnant participants. Additionally, 197
participants with FT4 anomalies and TSH <0.34 mIU/L were also
removed. In the end, 6,315 participants were incorporated into the
research (Figure 1).

2.2 Definition and measurement of low
thyroid function

The thyroid function parameters investigated in this study
contained FT4 and TSH. FT4 was determined by a two-step
enzyme immunoassay standardized to a range of 0.6-1.6 ng/dL,
while TSH was assayed utilizing a 3rd generation, two-site
immunoenzymatic “sandwich” assay standardized to a value of
0.34-5.6 mIU/L. Strict-normal thyroid function was recognized to
be a TSH level of 0.34-2.5 mIU/L and a regular FT4 level. Low
thyroid function was viewed to be a TSH level over 2.5 mIU/L and a
regular FT4 level, including both low-normal thyroid function and
SCH (13).

2.3 Measurement of LE8

The LE8 score is made up of 4 health behaviors (diet, PA,
nicotine exposure, and sleep health) and 4 health factors (BMI,
blood lipids, BG, and BP). The elaboration on the computation of
the LE8 score utilizing NHANES data was described in
Supplementary Table 1 (9, 14, 15). The Healthy Eating Index-
2015 (HEI-2015) was employed for the assessment of dietary
metrics, which was computed utilizing data from two 24-hour
dietary recall interviews (16). Supplementary Table 2 outlined the
elements and grading criteria for the HEI-2015 (17). Information
on the other components of the LE8 came from self-report
questionnaires, medical checkups, and gathered blood samples.
Each LE8 metric was awarded points from 0 to 100. The overall
LE8 score was determined by the unweighted average of the 8
indicators. The AHA proposed quantifying CVH depending on the
LE8 score, with 80-100, 50-79, and 0-49 representing high,
moderate, and low CVH, respectively (9).

2.4 Study covariates

Potential confounders associated with Life’s Essential 8 and low
thyroid function were integrated into the final statistical analyses
following previous studies (18, 19). The covariates comprised age,
sex, race/ethnicity, education level, marital status, and urine iodine
concentration (UIC). For these, age was categorized as <65 years
and 265 years. Race/ethnicity was stratified into non-Hispanic
White, non-Hispanic Black, Mexican American, other Hispanic,
and Other races. Education level was divided into <high school,
high school, and >high school. Marital status was separated into
three types: married/living with a partner, divorced/separated/
widowed, and never married. UIC was dichotomized into <100
ug/L, 100-300 ug/L, and =300 ug/L. In addition, this investigation
demonstrated the prevalence of diabetes and hypertension among
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FIGURE 1

Flowchart of the participant selection from NHANES 2007-2012. NHANES, National Health and Nutrition Examination Survey; FT4, free thyroxine;
TSH, thyroid-stimulating hormone; LE8, Life's Essential 8; CVD, cardiovascular disease.

the participants. Diabetes was described as a self-reported diagnosis
of diabetes, use of insulin or diabetes medications, glycosylated
hemoglobin >6.5%, fasting blood glucose =126 mg/dL, or two-hour
postprandial blood glucose =200 mg/dL from an oral glucose
tolerance test (20). Also, hypertension was identified as a self-
reported diagnosis of hypertension, use of hypertensive
medications, systolic blood pressure =140 mmHg, or diastolic
blood pressure 290 mmHg (21).

2.5 Statistical analysis
The statistical analyses were undertaken using R (version 4.2.3)

and EmpowerStats (version 2.0). Participants were organized into
two groups according to their TSH status. We used Student’s t-tests
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for continuous variables that conformed to a normal distribution,
nonparametric tests for continuous variables that were not
normally distributed, and chi-square tests to characterize baseline
characteristics for categorical variables, which were expressed as
mean * standard deviation (SD) or median (interquartile range) for
continuous variables, and frequency (percentage) for categorical
variables. Multivariable logistic regressions were used to explore the
correlation between LE8 and its components with low thyroid
function by aligning latent confounders. To ensure that the model
does not suffer from the problem of multicollinearity, we included
covariates with variance inflation factor (VIF) < 5 in the models. To
conduct additional research on the correlation between LE8 and low
thyroid function among various cohorts, stratified analyses were
performed. Furthermore, we eliminated those who had self-
reported histories of CVDs (comprising congestive heart failure,
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coronary heart disease, angina, and heart attack, N=508) to evaluate
the reliability of the outcomes. Then, smoothed curve fitting and
threshold effect analyses were carried out. A P-value <0.05 was
determined to be statistically significant.

3 Results
3.1 Baseline characteristics of participants

There were 6,315 adults recruited for this research. Table 1
summarizes the baseline characteristics of those individuals
categorized as to the thyroid function. The mean + SD age was
50.23 + 17.65 years, of which 3,162 (50.07%) participants were
females. The mean + SD LE8 score was 64.80 + 14.94. The number
of participants with low, moderate, and high CVH was 1,031
(16.33%), 4,204 (66.57%), and 1,080 (17.10%), respectively. 1,375
(21.77%) participants were considered to have low thyroid function,
much more probably as older, non-Hispanic white, married/living
with a partner, with a higher UIC, and in greater prevalence of
histories of diabetes, hypertension, and CVDs. Compared to those

10.3389/fendo.2024.1437386

with low thyroid function, participants with strict-normal thyroid
function scored higher on LE8, PA, BMI, blood lipids, BG, and BP.

3.2 Association between LE8 and its
components with low thyroid function

Table 2 demonstrated the findings of the multivariate regression
analyses between the LE8 score and low thyroid function. The
completely adjusted model suggested that the high CVH group
(OR: 0.757, 95%CI: 0.607-0.944) had a considerably lower
probability of low thyroid function in comparison with the low.
For every 10-point increase in LE8 score, the risk of developing low
thyroid function was reduced by 7.7% (OR: 0.923, 95%CI: 0.884-
0.964). However, the health behaviors score did not substantially
correlate with low thyroid function in multivariate regression
analysis (P>0.05). As for the health factors score, fully adjusted
models revealed a significantly lower risk of developing low thyroid
function in the moderate (OR: 0.789, 95%CI: 0.680-0.917) and the
high (OR: 0.572, 95%CI: 0.475-0.688) health factors groups in
comparison to the low. For every 10-point increase in the health

TABLE 1 Baseline characteristics of the NHANES 2007-2012 study participants (n=6,315) based on TSH status.

Characteristics Overall (n = 6,315) S;Sﬁzt?oonr rz:]a=l ;’hgng;d funléct)i‘gnt?rﬁ?_lg75) P-value
Age, years 50.23 + 17.65 48.87 + 17.37 55.14 + 17.79 <0.001
Age strata, n (%) <0.001
<65 years 4,753 (75.27%) 3,862 (78.18%) 891 (64.80%)
=65 years 1,562 (24.73%) 1,078 (21.82%) 484 (35.20%)
Sex, n (%) 0.093
Male 3,153 (49.93%) 2,494 (50.49%) 659 (47.93%)
Female 3,162 (50.07%) 2,446 (49.51%) 716 (52.07%)
Race/Ethnicity, n (%) <0.001
Non-Hispanic White 3,050 (48.30%) 2,236 (45.26%) 814 (59.20%)
Non-Hispanic Black 1,231 (19.49%) 1,074 (21.74%) 157 (11.42%)
Mexican American 996 (15.77%) 803 (16.26%) 193 (14.04%)
Other Hispanic 669 (10.59%) 521 (10.55%) 148 (10.76%)
Other races 369 (5.84%) 306 (6.19%) 63 (4.58%)
Education level, n (%) 0.799
<High school 1,728 (27.36%) 1,344 (27.21%) 384 (27.93%)
High school 1,475 (23.36%) 1,151 (23.30%) 324 (23.56%)
>High school 3,112 (49.28%) 2,445 (49.49%) 667 (48.51%)
Marital status, n (%) 0.002

Married/Living with a partner 3,871 (61.30%)

2,999 (60.71%)

872 (63.42%)

Divorced/Separated/Widowed 1,394 (22.07%)

1,077 (21.80%)

317 (23.05%)
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TABLE 1 Continued

o Strict-normal thyroid Low thyroid
Characteristics Overall (n = 6,315) function (n=4’9y40) function (%;1’375)
Never married 1,050 (16.63%) 864 (17.49%) 186 (13.53%)
UIG, n (%) <0.001
<100 ug/L 2,007 (31.78%) 1,615 (32.69%) 392 (28.51%)
100-300 ug/L 3,078 (48.74%) 2,407 (48.72%) 671 (48.80%)
>300 ug/L 1,230 (19.48%) 918 (18.58%) 312 (22.69%)
Diabetes, n (%) <0.001
No 5,133 (81.28%) 4,068 (82.35%) 1,065 (77.45%)
Yes 1,182 (18.72%) 872 (17.65%) 310 (22.55%)
Hypertension, n (%) <0.001
No 3,554 (56.28%) 2,897 (58.64%) 657 (47.78%)
Yes 2,761 (43.72%) 2,043 (41.36%) 718 (52.22%)
Cardiovascular diseases, n (%) <0.001
No 5,807 (91.96%) 4,575 (92.61%) 1,232 (89.60%)
Yes 508 (8.04%) 365 (7.39%) 143 (10.40%)
Congestive heart failure, n (%) 0.030
No 6,127 (97.02%) 4,805 (97.27%) 1,322 (96.15%)
Yes 188 (2.98%) 135 (2.73%) 53 (3.85%)
Coronary heart disease, n (%) <0.001
No 6,075 (96.20%) 4,773 (96.62%) 1,302 (94.69%)
Yes 240 (3.80%) 167 (3.38%) 73 (5.31%)
Angina pectoris, n (%) 0.485
No 6,170 (97.70%) 4,830 (97.77%) 1,340 (97.45%)
Yes 145 (2.30%) 110 (2.23%) 35 (2.55%)
Heart attack, n (%) 0.005
No 6,042 (95.68%) 4,745 (96.05%) 1,297 (94.33%)
Yes 273 (4.32%) 195 (3.95%) 78 (5.67%)
BMI, kg/m2 28.96 + 6.53 28.78 + 6.36 29.60 + 7.05 <0.001
TC, mg/dL 195.72 + 41.19 194.99 + 40.93 198.34 + 42.01 0.008
HDL, mg/dL 52.06 + 15.64 52.35 + 15.65 50.99 + 15.58 0.004
FT4, pmol/L 0.80 (0.70, 0.90) 0.80 (0.70, 0.90) 0.80 (0.70, 0.88) <0.001
TSH, mIU/L 1.56 (1.04, 2.35) 1.32 (0.93, 1.77) 3.30 (2.82, 4.17) <0.001
LE8 score 64.80 + 14.94 65.14 + 14.95 63.55 + 14.86 <0.001
Health behaviors score 63.71 + 20.55 63.46 + 20.61 64.61 + 20.33 0.068
HEI-2015 diet score 39.77 + 31.34 38.78 + 31.11 43.31 + 31.90 <0.001
Physical activity score 69.15 + 43.54 70.90 + 42.80 62.86 + 45.56 <0.001
Nicotine exposure score 65.87 + 41.47 64.49 + 42.09 70.82 + 38.74 <0.001
Sleep health score 80.07 + 26.33 79.69 + 26.48 81.43 + 25.72 0.030
Health factors score 65.88 + 19.96 66.82 + 20.02 62.50 + 19.39 <0.001

(Continued)
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TABLE 1 Continued

o Strict-normal thyroid Low thyroid
Characteristics Overall (n = 6,315) function (n=4’9y40) function (r¥=1,375)
Body mass index score 60.58 + 33.07 61.38 + 32.79 57.67 + 33.93 <0.001
Blood lipids score 62.41 + 31.21 63.28 + 31.36 59.30 + 30.44 <0.001
Blood glucose score 78.16 + 27.72 78.85 + 27.52 75.67 + 28.28 <0.001
Blood pressure score 62.39 + 34.56 63.78 £ 34.19 57.36 + 35.44 <0.001
CVH, n (%) 0.037
Low 1,031 (16.33%) 782 (15.83%) 249 (18.11%)
Moderate 4,204 (66.57%) 3,289 (66.58%) 915 (66.55%)
High 1,080 (17.10%) 869 (17.59%) 211 (15.35%)

Strict-normal thyroid function was defined as plasma TSH of 0.34-2.5 mIU/L and normal FT4 level. Low thyroid function was defined as a serum TSH level over 2.5 mIU/L and a normal FT4
level, including both low-normal thyroid function and subclinical hypothyroidism.

Low CVH was defined as a LE8 score of 0 to 49, moderate CVH of 50-79, and high CVH of 80-100.

UIGC, urine iodine concentration; BMI, body mass index; TC, total cholesterol; HDL, high density lipoprotein; FT4, free thyroxine; TSH, thyroid-stimulating hormone; LE8, Life’s Essential 8; HEI,
healthy eating index; CVH, cardiovascular health.

factor score, the risk of developing low thyroid function was
reduced by 9.5% (OR: 0.905, 95% CI: 0.876-0.935).

The nonlinear associations between LE8, health behaviors,
and health factors with low thyroid function were presented in
Figure 2. The results showed a linear negative relationship
between LE8 and health factors and low thyroid function, and

TABLE 2 Association between the LE8 score and low thyroid function.

there was no significant correlation between health behaviors and
low thyroid function.

Moreover, the outcomes of the multivariate regression analyses
between components of LE8 and low thyroid function were
displayed in Table 3. Fully adjusted models suggested that among
the LE8 components, elevated scores in PA, BMI, blood lipid, BG,

Model 1° Model 2° Model 3¢
OR(95% ClI) OR(95% CI) P-value OR(95% CI) P-value
LE8 score
Low (0-49) 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
Moderate (50-79) 0.874 (0.744, 1.026) | 0.09885 0.862 (0.732, 1.016) | 0.07696 0.856 (0.725, 1.011)  0.06705
High (80-100) 0.763 (0.620, 0.938) | 0.01037 0.767 (0.619, 0.950) | 0.01496 0.757 (0.607, 0.944)  0.01341
Per 10-point increase | 0.932 (0.895, 0.969) | 0.00049 0.928 (0.890, 0.968) | 0.00044 0.923 (0.884, 0.964)  0.00030
Health behaviors score
Low (0-49) 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
Moderate (50-79) 1092 0.25158 1.049 (0.900, 1224)  0.53907 1.047 (0896, 1.223)  0.56591
(0.939, 1.271)
High (80-100) 1.108 (0.938, 1.310) | 0.22837 1.004 (0.846, 1.191) | 0.96340 1.003 (0.841, 1.197) | 0.97102
Per 10-point increase 1.028 (0.998, 1.058) | 0.06834 1.008 (0.979, 1.039) | 0.58871 1.009 (0.978, 1.041) | 0.56742
Health factors score
Low (0-49) 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
Moderate (50-79) 0.794 (0.686, 0.918)  0.00181 0.789 (0.680, 0.916) | 0.00186 0.789 (0.680, 0.917)  0.00196
High (80-100) 0.533 (0.448, 0.634) | <0.00001 0.578 (0.482, 0.693) | <0.00001 0.572 (0475, 0.688)  <0.00001
Per 10-point increase | 0.897 (0.871, 0.925)  <0.00001 0.907 (0.879, 0.937)  <0.00001 0.905 (0.876, 0.935)  <0.00001

“Model 1: no covariates were adjusted.

Model 2: age strata, sex, and race/ethnicity were adjusted.

“Model 3: age strata, sex, race/ethnicity, education level, marital status, and UIC.

LE8, Life’s Essential 8; UIC, urine iodine concentration; OR, odds ratio; CI, confidence interval.
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and BP might have favorable effects on diminishing the incidence of
low thyroid function.

3.3 Subgroup and sensitivity analysis

The outcomes of the subgroup analyses in Figure 3 illustrated
that LE8 was negatively linked to low thyroid function in various
subpopulations, which was in agreement with the preliminary
findings. Among them, the connection between LE8 and low
thyroid function categorized by UIC was displayed in Figure 4. In
the UIC<100 ug/L group, an L-shaped curve with an inflection
point of 41.25 could be obtained after threshold calculation
(Supplementary Table 3). When the LE8 score was below the
inflection point, a higher LE8 score manifested a significant
correlation with a lower risk of low thyroid function (P<0.05),
and were not significant when LE8 scores were above the inflection
point. Additionally, in the 100 < UIC < 300 ug/L group, an L-shaped
curve with an inflection point of 60 was obtained after threshold
calculation (Supplementary Table 3). When the LE8 score was
higher than the inflection point, a higher LE8 score performed a
significant connection with a lower risk of low thyroid function
(P<0.05), and were not significant when LE8 scores were below the
inflection point. While in the 300 ug/L< UIC group, a curve with an
inflection point of 38.13 was obtained after calculating the threshold
(Supplementary Table 3). When the LE8 score was higher than the
inflection point, a higher LE8 score performed a significant
connection with a lower risk of low thyroid function (P<0.05).

Finally, the results remained robust after removing those who
had histories of CVDs in the sensitivity analyses (Table 4).

4 Discussion

This nationwide investigation discovered that the higher LE8
score and the health factors score were related to a reduced hazard
of low thyroid function in US adults. Meanwhile, higher scores in
PA, BMI, blood lipid, BG, and BP would probably be favorable in
terms of a lower incidence of low thyroid function. Subgroup and
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sensitivity analyses illustrated that the negative relationships were
robust overall.

To our knowledge, our research investigated the connection
between CVH, which was quantified by the LE8 score, and low
thyroid function for the first time. A couple of earlier studies have
already discussed the involvement between CVD and low thyroid
function. Kosuke et al. discovered that CVDs acted as a mediator
connecting SCH and high-normal TSH levels with all-cause
mortality among US adults, especially in women and the elderly,
suggesting possible threats to the health of patients even with only
mildly elevated TSH levels (22). A study anchored in NHANES
demonstrated that low thyroid function was related to nonalcoholic
fatty liver disease (NAFLD) and was also a separate hazard indicator
for heightened all-cause and cardiovascular mortalities in persons
suffering from NAFLD (13). Yu-ling et al. also reported a similar
negative Impact of low thyroid function on all-cause and
cardiovascular deaths among metabolic dysfunction-associated
fatty liver disease (MAFLD) populations, emphasizing the
significance of reassessing the TSH reference range (23). Anna
et al. discovered that among 744 women with normal thyroid
function, TSH values at the upper end of the recommended range
were linked to worse cardiometabolic profiles, as evidenced by a
larger waist circumference, elevated values of BP, total cholesterol
(TC), triglycerides (TG), and BG, and decreased values of high-
density lipoprotein (HDL-C) (24). A cohort study of diabetic
individuals from the US reviewed that high-normal TSH levels
were linked to a rise in CVD mortality (25). Another proof gathered
through a multi-cohort Mendelian randomization and
metabolomics analyses revealed that TSH at the upper limit of
the standard range led to poor blood lipid profiles and a higher
incidence of CVDs (26).

The current research presented further evidence supporting the
relationship between CVH and low thyroid function utilizing an
updated CVH evaluation index. We observed that the LE8 score
and the health factors score had a negative correlation with low
thyroid function, confirming the previous reports. Also, intensive
management of PA, BMI, blood lipids, BG, and BP is of vital
importance in controlling the incidence of low thyroid function. An
investigation noted that women with SCH had a remarkable

frontiersin.org


https://doi.org/10.3389/fendo.2024.1437386
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Fang et al.

TABLE 3 Associations between the components of LE8 and low
thyroid function.

Cases/ OR(95%ClI) P-value

participants

Components

of LE8

HEI-2015 diet score

Low (0-49) 618/3,157 1.000 (Reference)
Moderate (50-79) 349/1,578 1.126 (0.967, 1.311) ~ 0.12535
High (80-100) 408/1,580 1.245 (1.070, 1.449) = 0.00457
Per 10- 1,375/6,315 1.260 (1.083, 1.465) = 0.00279
point increase
Physical activity score
Low (0-49) 497/1,875 1.000 (Reference)
Moderate (50-79) 58/223 1.005 (0.727, 1.388) = 0.97776
High (80-100) 820/4,217 0.705 (0.615, 0.807) <0.00001
Per 10- 1,375/6,315 0.965 (0.952, 0.979) = <0.00001
point increase
Nicotine exposure score
Low (0-49) 303/1,725 1.000 (Reference)
Moderate (50-79) 325/1,367 1.146 (0.949, 1.384) = 0.15700
High (80-100) 747/3,223 1.359 (1.159, 1.593) = 0.00016
Per 10- 1,375/6,315 1.033 (1.016, 1.050) = 0.00011
point increase
Sleep health score
Low (0-49) 239/1,159 1.000 (Reference)
Moderate (50-79)  290/1,480 0.920 (0.756, 1.119) = 0.40373
High (80-100) 846/3,676 1.032 (0.873, 1.220) = 0.70914
Per 10- 1,375/6,315 1.009 (0.985, 1.033) = 0.47804
point increase
Body mass index score
Low (0-49) 564/2,333 1.000 (Reference)
Moderate (50-79) 446/2,176 0.755 (0.653, 0.873) = 0.00014
High (80-100) 365/1,806 0.750 (0.643, 0.876) | 0.00027
Per 10- 1,375/6,315 0.957 (0.939, 0.975) = <0.00001
point increase
Blood lipids score
Low (0-49) 549/2,310 1.000 (Reference)
Moderate (50-79) = 333/1,472 0.996 (0.850, 1.167) = 0.96510
High (80-100) 493/2,533 0.778 (0.675, 0.896) | 0.00049
Per 10- 1,375/6,315 0.964 (0.945, 0.983) | 0.00022
point increase
Blood glucose score
Low (0-49) 310/1,182 1.000 (Reference)
322/1,457 0.838 (0.697, 0.06973
Moderate (50-79) 14007)(0405973
(Continued)
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TABLE 3 Continued

Cases/ OR(95%Cl) P-value

participants

Components

of LE8

Blood glucose score

High (80-100) 743/3,676 g;iz)(gggg,{)s 0.01094
Per 10- 1,375/6,315 0.970 (0.948, 0.992) = 0.00908
point increase
Blood pressure score
Low (0-49) 485/1,814 1.000 (Reference)
Moderate (50-79) 408/2,004 0.775 (0.662, 0.909) = 0.00167
High (80-100) 482/2,497 0.742 (0.634, 0.869) = 0.00021
Per 10- 1,375/6,315 0.965 (0.947, 0.983) = 0.00020
point increase

ORs and 95% CIs were adjusted for age strata, sex, race/ethnicity, education level, marital
status, and UIC.

LE8, Life’s Essential 8; UIC, urine iodine concentration; OR, odds ratio; CI,
confidence interval.

reduction in PA duration, steps taken, grip and quadriceps strength,
and functional motor ability in comparison to the healthy control
subjects (27). The result of a Mendelian randomization revealed
that obesity was one of the risk factors for hypothyroidism, and
individuals with higher BMI had a heightened threat of developing
hypothyroidism (28). Another meta-analysis concluded that SCH
appeared to be connected to an elevated hazard of metabolic
syndrome components such as obesity, hypertension, high TG
values, and low HDL-C values (29). Besides, a prospective study
of 72,003 participants found that after controlling for risk factors,
individuals with high-normal TSH values experienced a 15% greater
chance of developing prediabetes (30). In addition, the
consequences of our subgroup analyses revealed that the negative
correlation between the LE8 score and low thyroid function was
more pronounced in women under 65 years of age and unmarried
participants, suggesting that enhanced monitoring of CVD and
thyroid function in such populations might have long-term benefits.
Moreover, for the population with UIC in the normal range (100 <
UIC < 300 ug/L), the OR correlated between the LE8 score and low
thyroid function declined smoothly in the lower part of the score
and sharply in the higher part, which implied that more stringent
CVH criteria were likely to be desirable for the generalized
population. It was worth pointing out that in this study, we
defined the TSH normal range more strictly, and the findings also
showed that appropriately decreasing the maximum limit of the
TSH benchmark range would be advantageous for identifying
individuals at an increased potential risk of CVDs.

It is hypothesized that there are a couple of potential explanations
for the relationship between CVD and low thyroid function. Higher
levels of TSH are related to many CVD risk elements such as
dyslipidemia, hypertension, diminished myocardial systolic and
diastolic function, endothelial dysfunction, insulin resistance, etc. (2,
6). TSH can regulate lipid metabolism by combining with specific TSH
receptors on the surface of hepatocytes and adipocytes, which primarily
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FIGURE 3

Subgroups
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<65 years

265 years
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Male

Female
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Non-Hispanic Black
Mexican American
Other Hispanic
Other races
Education level
<High school

High school

>High school
Marital status
Married/Living with a partner
Divorced/Separated/Widowed
Never married

uic

<100 ug/L

100-300 ug/L

2300 ug/L

OR(95%Cl)

0.9910 (0.9860, 0.9959)
0.9949 (0.9869, 1.0029)

0.9922 (0.9861, 0.9984)
0.9919 (0.9862, 0.9976)

0.9924 (0.9866, 0.9981)
0.9960 (0.9840, 1.0081)
0.9936 (0.9819, 1.0054)
0.9817 (0.9687, 0.9949)
0.9905 (0.9715, 1.0099)

0.9908 (0.9827, 0.9989)
0.9896 (0.9806, 0.9987)
0.9934 (0.9874, 0.9995)

0.9930 (0.9876, 0.9984)
0.9909 (0.9818, 1.0002)
0.9885 (0.9779, 0.9992)

0.9933 (0.9857, 1.0009)
0.9921 (0.9861, 0.9982)
0.9898 (0.9809, 0.9987)

P - value
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P for interaction
0.4035

0.0004 ]
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0.0136
0.0054
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0.5160 L]
0.2835 L]
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0.0109 L]
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Subgroup analysis for the association between LE8 and low thyroid function. LES, Life's Essential 8; UIC, urine iodine concentration.

leads to raised levels of proprotein convertase subtilisin/kexin type 9
(PCSK9), liver 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-COA)
reductase (HMGCR), and hormone-sensitive lipase (HSL), as well as
reduced levels of cholesterol 70i-hydroxylase (CYP7A1), inducing
cholesterol accumulation and inhibiting clearance (31). Meanwhile,
low thyroid function can result in decreased cardiac systolic and

diastolic function by modulating the expression of contractile
proteins and calcium uptake in cardiomyocytes (3). Furthermore,
higher levels of TSH are also likely to promote endothelial
dysfunction by augmenting endothelin (ET-1) levels and decreasing
nitric oxide (NO) levels, which can contribute to atherosclerosis,
increased peripheral vascular resistance, and raised blood pressure

025 030 035 040
| | | |
>

Low thyroid function

0.20
|

UIC (ug/L)
e <100
O 100-300
A 2300

T I
20 40

T I T
60 80 100

LES8 score

FIGURE 4

The association between LE8 and low thyroid function stratified by UIC. LES8, Life's Essential 8; UIC, urine iodine concentration.
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TABLE 4 Sensitivity analysis of the association of the LE8 score with low
thyroid function.

Excluding participants with

CVD history
Cases/
= OR(95%Cl) P-value
participants
LE8 score
Low (0-49) 200/869 1.00 (Reference)
0.891
Moderate (50-79) 831/3,887 0.21094
(0.743, 1.068)
0.777
High (80-100 201/1,051 0.03445
igh ( ) / (0.615, 0.982)

Per 10- 1,232/5,807 0927 0.00126
point increase ? > (0.885, 0.971) ’
Health behaviors score

Low (0-49) 268/1,351 1.00 (Reference)

Moderate (50-79) 603/2,799 1.058 0.50431

? (0.896, 1.249) ’
1.015
High (80-100) 361/1,657 0.87725
(0.842, 1.223)

Per 10- 1.001

. 1,232/5,807 0.37728
point increase (0.998, 1.005)

Health factors score

Low (0-49) 320/1,203 1.00 (Reference)
0.779

Moderate (50-79) 639/2,906 0.00225
(0.664, 0.914)

) 0.565

High (80-100) 273/1,698 <0.00001
(0.465, 0.686)

Per 10- 0.990

o 1,232/5,807 <0.00001
point increase (0.987, 0.993)

ORs and 95% CIs were adjusted for age strata, sex, race/ethnicity, education level, marital
status, and UIC.

LES8, Life’s Essential 8; UIC, urine iodine concentration; OR, odds ratio; CI,
confidence interval.

(32, 33). What’s more, it has been described that low thyroid function
can bring about obvious insulin resistance, and the latter interacts with
hyperhomocysteinemia (HHcy), which may provoke vascular
endothelial damage and interfere with the process of atherosclerosis
and CVD by increasing oxidative stress, stimulating endoplasmic
reticulum stress, affecting epigenetic modifications, and altering
protein function (34, 35). The mentioned mechanisms provide
partially convincing evidence for our study, while more definite
principles are expected to be further explored in depth.

Our current investigation has certain limitations. Firstly, even
after controlling for a few possible confounders, the cross-sectional
character of the research prevented us from concluding a causal and
longitudinal association between LE8 and low thyroid function, and
we could not completely discard the risk of bias caused by other
confounders. Therefore, prospective research with larger sample
sizes and longitudinal measurements is warranted to validate our
findings. Secondly, the evaluations of certain indicators in LE8 were
questionnaire-based, which were susceptible to recall bias. What’s
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more, as the complex effects of childhood and pregnancy on thyroid
function have not yet been validly determined, we excluded
underage and pregnant participants, and further explorations for
these populations are called for in the future. In addition, the active
form of thyroid, triiodothyronine, was not included in our study,
and its levels may have important implications for CVH. We plan to
explore more comprehensive indicators of thyroid function,
including triiodothyronine, in future studies. Nonetheless, our
study has several strengths. We employed a sufficient amount of a
nationally representative sample to make our results more
generalizable. Subgroup and sensitivity analyses were also carried
out to augment the reliability of our outcomes.

5 Conclusion

In conclusion, the LE8 score and health factors score were
nonlinearly and negatively correlated with the prevalence of low
thyroid function. Also, high scores in PA, BMI, blood lipids, BG,
and BP assessments should emphasized in the LE8 components.
This study suggested that elevated TSH levels might have an
implication on CVH even with normal thyroid function.
Therefore, the significance of reassessing the TSH reference
range should be emphasized. LE8, which is a clinically feasible
and comprehensive indicator for improving CVH, may help
patients identify the risk of low thyroid function at an early
stage and play a potentially meaningful role in the promotion of
thyroid health.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://www.cdc.gov/nchs/nhanes/.

Ethics statement

The studies involving humans were approved by the National
Center for Health Statistics (NCHS) Research Ethics Review Board.
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Author contributions

XF: Conceptualization, Data curation, Methodology, Software,
Writing - original draft. RH: Conceptualization, Data curation,
Funding acquisition, Methodology, Writing - original draft. SF:
Methodology, Supervision, Writing — original draft. ZD: Funding
acquisition, Resources, Supervision, Validation, Writing - review &
editing. JZ: Resources, Supervision, Validation, Writing — review &
editing. JS: Resources, Supervision, Validation, Writing — review
& editing.

frontiersin.org


https://www.cdc.gov/nchs/nhanes/
https://doi.org/10.3389/fendo.2024.1437386
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Fang et al.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by the "Dual Chain Integration" project of Shaanxi
Provincial Administration of Traditional Chinese Medicine (Grant
No. 2022-SLRH-LG-005), the Key Research and Development
Program of Shaanxi Provincial Science and Technology
Department (Grant No. 2023-ZDLSF-56), and the project of
Shaanxi Provincial Administration of Traditional Chinese
Medicine (Grant No. SZY-KJCYC-2023-074), and Shaanxi
Province Natural Science Basic Research Program (Grant No.
2024JC-YBMS-676).

Acknowledgments

We would like to thank all members who contributed to
this manuscript.

References

1. Kim D, Yoo ER, Li AA, Fernandes CT, Tighe SP, Cholankeril G, et al. Low-normal
thyroid function is associated with advanced fibrosis among adults in the United States.
Clin Gastroenterol Hepatol. (2019) 17:2379-81. doi: 10.1016/j.cgh.2018.11.024

2. Paschou SA, Bletsa E, Stampouloglou PK, Tsigkou V, Valatsou A, Stefanaki K,
et al. Thyroid disorders and cardiovascular manifestations: an update. Endocrine.
(2022) 75:672-83. doi: 10.1007/s12020-022-02982-4

3. 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) 71:1781-96.
doi: 10.1016/j.jacc.2018.02.045

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

5. van Tienhoven-Wind LJN, Dullaart RPF. Low-normal thyroid function and the
pathogenesis of common cardio-metabolic disorders. Eur J Clin Invest. (2015) 45:494—
503. doi: 10.1111/eci.12423

6. Manolis AA, Manolis TA, Melita H, Manolis AS. Subclinical thyroid dysfunction
and cardiovascular consequences: an alarming wake-up call? Trends Cardiovasc Med.
(2020) 30:57-69. doi: 10.1016/j.tcm.2019.02.011

7. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al.
Heart disease and stroke statistics-2023 update: A report from the American heart
association. Circulation. (2023) 147:¢93-e621. doi: 10.1161/CIR.0000000000001123

8. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel L], Van Horn L,
et al. Defining and setting national goals for cardiovascular health promotion and disease
reduction: the American heart association’s strategic impact goal through 2020 and
beyond. Circulation. (2010) 121:586-613. doi: 10.1161/CIRCULATIONAHA.109.192703

9. Lloyd-Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, Foraker RE,
et al. Life’s essential 8: updating and enhancing the American heart association’s
construct of cardiovascular health: A presidential advisory from the American heart
association. Circulation. (2022) 146:¢18-43. doi: 10.1161/CIR.0000000000001078

10. Zhang Y, Ning N, Fan X, Huang R, Ye Y, He Y, et al. Age-dependent interaction
between life’s essential 8 and chronic kidney disease: A national cross-sectional
analysis. Prev Med. (2023) 177:107763. doi: 10.1016/j.ypmed.2023.107763

11. Sun J, Li Y, Zhao M, Yu X, Zhang C, Magnussen CG, et al. Association of the
American heart association’s new “Life’s essential 8” with all-cause and cardiovascular
disease-specific mortality: prospective cohort study. BMC Med. (2023) 21:116.
doi: 10.1186/s12916-023-02824-8

12. Cai Z, Liu Z, Zhang Y, Ma H, Li R, Guo S, et al. Associations between life’s
essential 8 and abdominal aortic calcification among middle-aged and elderly
populations. ] Am Heart Assoc. (2023) 12:e031146. doi: 10.1161/JAHA.123.031146

Frontiers in Endocrinology

10.3389/fendo.2024.1437386

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.2024.1437386/
full#supplementary-material

13. Kim D, Vazquez-Montesino LM, Escober JA, Fernandes CT, Cholankeril G,
Loomba R, et al. Low thyroid function in nonalcoholic fatty liver disease is an
independent predictor of all-cause and cardiovascular mortality. Am ] Gastroenterol.
(2020) 115:1496-504. doi: 10.14309/ajg.0000000000000654

14. Lloyd-Jones DM, Ning H, Labarthe D, Brewer L, Sharma G, Rosamond W, et al.
Status of cardiovascular health in us adults and children using the American heart
association’s new “Life’s essential 8” Metrics: prevalence estimates from the national
health and nutrition examination survey (Nhanes), 2013 through 2018. Circulation.
(2022) 146:822-35. doi: 10.1161/CIRCULATIONAHA.122.060911

15. Ren Y, Cai Z, Guo C, Zhang Y, Xu H, Liu L, et al. Associations between life’s
essential 8 and chronic kidney disease. ] Am Heart Assoc. (2023) 12:¢030564.
doi: 10.1161/JAHA.123.030564

16. Zhan JJ, Hodge RA, Dunlop AL, Lee MM, Bui L, Liang D, et al. Dietaryindex: A
user-friendly and versatile R package for standardizing dietary pattern
analysis in epidemiological and clinical studies. bioRxiv. (2023). doi: 10.1101/
2023.08.07.548466

17. Krebs-Smith SM, Pannucci TE, Subar AF, Kirkpatrick SI, Lerman JL, Tooze JA,
et al. Update of the healthy eating index: hei-2015. ] Acad Nutr Diet. (2018) 118:1591—
602. doi: 10.1016/j.jand.2018.05.021

18. Zhao G, Wang Z, Ji ], Cui R. Effect of coffee consumption on thyroid function:
nhanes 2007-2012 and mendelian randomization. Front Endocrinol (Lausanne). (2023)
14:1188547. doi: 10.3389/fend0.2023.1188547

19. Wang M, Lu X, Zheng X, Xu C, Liu J. The relationship between sleep duration
and thyroid function in the adult us population: nhanes 2007-2012. PloS One. (2023)
18:€0291799. doi: 10.1371/journal.pone.0291799

20. Qiu Z, Chen X, Geng T, Wan Z, Lu Q, Li L, et al. Associations of serum
carotenoids with risk of cardiovascular mortality among individuals with type 2
diabetes: results from nhanes. Diabetes Care. (2022) 45:1453-61. doi: 10.2337/dc21-
2371

21. Cao Y, Li P, Zhang Y, Qiu M, Li J, Ma S, et al. Association of systemic immune
inflammatory index with all-cause and cause-specific mortality in hypertensive
individuals: results from nhanes. Front Immunol. (2023) 14:1087345. doi: 10.3389/
fimmu.2023.1087345

22. Inoue K, Ritz B, Brent GA, Ebrahimi R, Rhee CM, Leung AM. Association of
subclinical hypothyroidism and cardiovascular disease with mortality. JAMA Netw
Open. (2020) 3:¢1920745. doi: 10.1001/jamanetworkopen.2019.20745

23. Chen Y-L, Tian S, Wu J, Li H, Li S, Xu Z, et al. Impact of thyroid function on the
prevalence and mortality of metabolic dysfunction-associated fatty liver disease. J Clin
Endocrinol Metab. (2023) 108:e434-e43. doi: 10.1210/clinem/dgad016

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1437386/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1437386/full#supplementary-material
https://doi.org/10.1016/j.cgh.2018.11.024
https://doi.org/10.1007/s12020-022-02982-4
https://doi.org/10.1016/j.jacc.2018.02.045
https://doi.org/10.1038/nrcardio.2016.174
https://doi.org/10.1111/eci.12423
https://doi.org/10.1016/j.tcm.2019.02.011
https://doi.org/10.1161/CIR.0000000000001123
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://doi.org/10.1161/CIR.0000000000001078
https://doi.org/10.1016/j.ypmed.2023.107763
https://doi.org/10.1186/s12916-023-02824-8
https://doi.org/10.1161/JAHA.123.031146
https://doi.org/10.14309/ajg.0000000000000654
https://doi.org/10.1161/CIRCULATIONAHA.122.060911
https://doi.org/10.1161/JAHA.123.030564
https://doi.org/10.1101/2023.08.07.548466
https://doi.org/10.1101/2023.08.07.548466
https://doi.org/10.1016/j.jand.2018.05.021
https://doi.org/10.3389/fendo.2023.1188547
https://doi.org/10.1371/journal.pone.0291799
https://doi.org/10.2337/dc21-2371
https://doi.org/10.2337/dc21-2371
https://doi.org/10.3389/fimmu.2023.1087345
https://doi.org/10.3389/fimmu.2023.1087345
https://doi.org/10.1001/jamanetworkopen.2019.20745
https://doi.org/10.1210/clinem/dgad016
https://doi.org/10.3389/fendo.2024.1437386
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Fang et al.

24. Boggio A, Muzio F, Fiscella M, Sommariva D, Branchi A. Is thyroid-stimulating
hormone within the normal reference range a risk factor for atherosclerosis in women?
Intern Emerg Med. (2014) 9:51-7. doi: 10.1007/s11739-011-0743-z

25. Zhu P, Lao G, Chen C, Luo L, Gu J, Ran J. Tsh Levels within the Normal Range
and Risk of Cardiovascular and All-Cause Mortality among Individuals with Diabetes.
Cardiovasc Diabetol. (2022) 21:254. doi: 10.1186/s12933-022-01698-z

26. van Vliet NA, Bos MM, Thesing CS, Chaker L, Pietzner M, Houtman E, et al.
Higher thyrotropin leads to unfavorable lipid profile and somewhat higher
cardiovascular disease risk: evidence from multi-cohort Mendelian randomization
and metabolomic profiling. BMC Med. (2021) 19:266. doi: 10.1186/s12916-021-
02130-1

27. Tanriverdi A, Ozcan Kahraman B, Ozsoy I, Bayraktar F, Ozgen Saydam B, Acar
S, et al. Physical activity in women with subclinical hypothyroidism. ] Endocrinol Invest.
(2019) 42:779-85. doi: 10.1007/s40618-018-0981-2

28. Qiu Y, Liu Q, Luo Y, Chen J, Zheng Q, Xie Y, et al. Causal association between
obesity and hypothyroidism: A two-sample bidirectional Mendelian randomization study.
Front Endocrinol (Lausanne). (2023) 14:1287463. doi: 10.3389/fendo.2023.1287463

29. Ding X, Zhao Y, Zhu C-Y, Wu L-P, Wang Y, Peng Z-Y, et al. The association
between subclinical hypothyroidism and metabolic syndrome: an update meta-analysis
of observational studies. Endocr J. (2021) 68:1043-56. doi: 10.1507/endocrj.EJ20-0796

Frontiers in Endocrinology

12

10.3389/fendo.2024.1437386

30. Chang CH, Yeh YC, Shih SR, Lin JW, Chuang LM, Caffrey JL, et al. Association
between thyroid dysfunction and dysglycaemia: A prospective cohort study. Diabetes
Med. (2017) 34:1584-90. doi: 10.1111/dme.13420

31. Liu H, Peng D. Update on dyslipidemia in hypothyroidism: the mechanism of
dyslipidemia in hypothyroidism. Endocr Connect. (2022) 11:¢210002. doi: 10.1530/EC-
21-0002

32. Gong N, Gao C, Chen X, Wang Y, Tian L. Adipokine expression and endothelial
function in subclinical hypothyroidism rats. Endocr Connect. (2018) 7:295-304.
doi: 10.1530/EC-18-0007

33. Chrysant SG. The current debate over treatment of subclinical hypothyroidism
to prevent cardiovascular complications. Int J Clin Pract. (2020) 74:e13499.
doi: 10.1111/ijcp.13499

34. Ebrahimpour A, Vaghari-Tabari M, Qujeq D, Moein S, Moazezi Z. Direct
correlation between serum homocysteine level and insulin resistance index in patients
with subclinical hypothyroidism: does subclinical hypothyroidism increase the risk of
diabetes and cardio vascular disease together? Diabetes Metab Syndr. (2018) 12:863-7.
doi: 10.1016/j.dsx.2018.05.002

35. Herrmann W, Herrmann M. The controversial role of hcy and vitamin B
deficiency in cardiovascular diseases. Nutrients. (2022) 14:1412. doi: 10.3390/
nul4071412

frontiersin.org


https://doi.org/10.1007/s11739-011-0743-z
https://doi.org/10.1186/s12933-022-01698-z
https://doi.org/10.1186/s12916-021-02130-1
https://doi.org/10.1186/s12916-021-02130-1
https://doi.org/10.1007/s40618-018-0981-2
https://doi.org/10.3389/fendo.2023.1287463
https://doi.org/10.1507/endocrj.EJ20-0796
https://doi.org/10.1111/dme.13420
https://doi.org/10.1530/EC-21-0002
https://doi.org/10.1530/EC-21-0002
https://doi.org/10.1530/EC-18-0007
https://doi.org/10.1111/ijcp.13499
https://doi.org/10.1016/j.dsx.2018.05.002
https://doi.org/10.3390/nu14071412
https://doi.org/10.3390/nu14071412
https://doi.org/10.3389/fendo.2024.1437386
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Associations between cardiovascular health and low thyroid function among US adults: a population-based study
	1 Introduction
	2 Methods
	2.1 Study participants
	2.2 Definition and measurement of low thyroid function
	2.3 Measurement of LE8
	2.4 Study covariates
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics of participants
	3.2 Association between LE8 and its components with low thyroid function
	3.3 Subgroup and sensitivity analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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 /sRGB
  /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


