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Background: There has been controversial evidence regarding the effect of trans fatty
acids (TFAs) on thyroid function in animal studies, and the epidemiological studies are
lacking. We aimed to investigate the potential associations between circulating TFAs and
thyroid function biomarkers in a U.S. adult population sample.

Methods: We performed a cross-sectional survey with 626 adults aged ≥20 years who
participated in the National Health and Nutrition Examination Survey (NHANES) 2009–
2010. Multivariable linear regression models were constructed to elucidate the
relationships between circulating concentrations of TFAs (palmitelaidic acid, vaccenic
acid, elaidic acid, linoelaidic acid and the sum of the four TFAs) and a panel of thyroid
function measures.

Results: For 626 adults, positive associations were found between palmitelaidic acid,
elaidic acid and total thyroxine (TT4), between palmitelaidic acid and total triiodothyronine
(TT3), and between linolelaidic acid and thyroid stimulating hormone (TSH), while
linolelaidic acid was negatively associated with free thyroxine (FT4) (all P<0.05).
Besides, the four TFAs and the sum TFAs were positively associated with free
triiodothyronine (FT3). Vaccenic acid, elaidic acid, linoelaidic acid and the sum TFAs
were positively associated with FT3/FT4, while the four TFAs and the sum TFAs were
negatively associated with FT4/TT4 (all P<0.05). In stratified analysis, the associations
between thyroid function measures and the ratios remained significant in female. For men,
linolelaidic acid was negatively associated with FT4 and elaidic acid and the sum TFAs
were positively associated with FT3. Furthermore, the associations between TFAs and
FT3/FT4 remained significant.

Conclusion: Our findings revealed that TFAs exposure was associated with serum
biomarkers of thyroid function. More researches are needed to evaluate the long-term
health outcomes of these findings.
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INTRODUCTION

Trans Fatty acids (TFAs) are unsaturated fatty acids that
con ta in one or more doub le bonds in the t rans
configuration, including industrial TFAs sourced from the
process of partial hydrogenation of vegetable oils and
ruminant TFAs formed by enzymes during hydrogenation in
the rumen of animals (1). People are exposed to TFAs
primarily through dietary intake of industry-processed high-
fat foods (eg, burgers, fries, chicken cutlets, biscuits, cream) as
well as animal products (eg, meat and dairy) (2). In fact,
vaccenic acid (C18:1n-7t) and elaidic acid (C18:1n-9t)
account for more than 80% of TFAs. It has been well
established that high exposure of industrial TFAs is
associated with the occurrence of various diseases, such as
type 2 diabetes, mellitus, reproductive disease, total mortality,
cardiovascular diseases (3–7).

Thyroid hormones are essential for energy metabolism
and many physiological processes. The hypothalamus–
pituitary–thyroid (HPT) axis regulates thyroid function by
producing thyroxine (T4), triiodothyronine (T3), and
thyroid stimulating hormone (TSH) (8). Numerous studies
have shown that abnormal thyroid hormone variation had a
detrimental impact on human health, such as an increased
risk of incident chronic kidney disease and metabolic
syndrome (9, 10). Recent years, researches have begun to
explore the impact of diet on thyroid function. Stavroula
found that thyroid function was negatively associated with
non-homemade food, such as fast food and snacks (11).
Besides, epidemiological data revealed that higher T4 and
TSH level were observed for man adherence to pro-
inflammatory diet (12). Animals and in vitro studies
have observed that exposure to TFAs may influence thyroid
hormone signaling (13–15). To our knowledge, studies about
the potential influence of TFAs on thyroid function
is relatively little. Moreover, epidemiological studies
on the impact of TFAs on thyroid function have not
been conducted.

The present analysis was carried out to investigate whether
TFAs are associated with thyroid function measures in human.
These results will help to further understand the biologic effects
of TFAs on thyroid function, and provide a reference for
consumption of TFAs in daily diet.
METHODS AND MATERIALS

Study Population
All the data were from NHANES (2009–2010), which is a
nationally cross-sectional study designed to evaluate the U.S.
citizens’ health and nutritional status. The National Center for
Health Statistics (NCHS) Ethics Review Board granted the
approval of the study protocol and all the participants signed
the informed consents. The adults with complete data on plasma
TFAs and thyroid measures were eligible (n=808). We further
excluded persons who were taking thyroid medications, had
Frontiers in Endocrinology | www.frontiersin.org 2
thyroid disease, or pregnant (16, 17). Finally, 626 adults were
included in our analyses (participant flow chart, Line Figure S1).

Plasma Thyroid Function Measurement
The 2009–2010 NHANES thyroid function measures contained
total T4 (TT4), free T4 (FT4), total T3 (TT3), free T3 (FT3),
TSH, thyroglobulin (Tg), thyroglobulin antibodies (TgAb) and
thyroid peroxidase antibodies (TPOAb). We also calculated FT3/
FT4, TT4/TT3, FT4/TT4, and FT3/TT3 based on the thyroid
function measures, which reflect peripheral thyroid hormone
metabolism (18).

Thyroid blood specimens were processed, stored and
shipped to University of Washington, Seattle, WA. A
paramagnetic particle, immunoenzymatic assay was applied
for the quantitative determination of TT4, FT4, TT3 and FT3
in human plasma (19). Microparticle enzyme immunoassay
was applied to detect serum TSH concentration. Tg was
measured by a simultaneous one-step “sandwich” assay,
while TPOAb and TgAb assay was a sequential two-step
immunoenzymatic “sandwich” assay. The results of those
thyroid function measures in the sample are determined
from a stored, multi-point calibration curve and all meet the
division’s quality control and quality assurance (QA/QC)
performance criteria for accuracy and precision. Detailed
information of the laboratory methods and QA/QC
procedures can be viewed in the supplementary material
(Table S1).

Trans-Fatty Acids Measurement
Blood samples were drawn from participants’ veins in morning
fasting following a standardized protocol and the serum was
separated, stored, and frozen at −80°C. Gas chromatography
coupled with mass spectrometry (GC/MS) was used to measure
the total (free and esterified) content of four TFAs levels in the
plasma samples: palmitelaidic acid (C16:1n-7t), vaccenic acid
(C18:1n-7t), elaidic acid (C18:1n-9t), and linoelaidic acid
(C18:2n-6t, 9t). The measurement method described by
Lagerstedt et al. (20). Quality control procedures for all
analyses followed a comprehensive data quality assurance
program. Detailed description of laboratory methodology and
QA/QC are available in the supplementary material (Table S1).
Besides, the sum of TFAs was calculated by the following
formula: Sum TFAs = palmitelaidic acid + vaccenic acid +
elaidic acid + linoelaidic acid.

Covariates
Sociodemographic data were collected by self-report. The
following were incorporated as potential covariates: age, sex,
Body mass index (BMI), education level, race/ethnicity,
annual family income, urine iodine concentration (UIC),
alcohol use and smoking status. Three age categories were:
20 to <40, 40 to <60 and ≥60 years. Education attainment
groups: less than high school; high school/GED; more than
high school. Race/ethnicity was categorized as Mexican
American, Other Hispanic, Non-Hispanic White, Non-
Hispanic Black and Other race. BMI was grouped by the
July 2022 | Volume 13 | Article 928730
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following cut-offs <18.5, 18.5–24.9, 25–29.9 and ≥30 kg/m2.
Two annual family income groups were < 20000 and ≥20000$.
We divided UIC into three groups: deficient (UIC < 100 µg/L),
normal (100–299 µg/L), excessive (≥ 300 µg/L) (21). There
were three smoking status: current smoker (smokers or
passive smokers when investigated), former smoker and
nonsmoker. Alcohol was classified as yes (≥ 12 servings of
any type of alcoholic beverage in any 1 year) and no.

Statistical Analyses
Statistical analyses were performed by SPSS 22.0 for Windows
(SPSS Inc.). First, the differences in serum thyroid function
measurs in population subgroups were examined using One-
way ANOVA or Kruskal-Wallis test. Then, the associations
between each TFAs and serum thyroid function measures and
ratios of thyroid function measures were demonstrated by
multivariable linear regression model. Covariates were selected
based on the results of population subgroups analysis (Table S2)
and previous studies on the effect of environmental chemicals on
thyroid function measures (22, 23). So, the regression model was
adjusted by sex (dichotomous variable), age (continuous), BMI
(continuous), race (categorical), UIC (continuous), alcohol and
smoking (categorical). Besides, all plasma TFAs and thyroid
function data were log-transformed because of non-normal
distribution. Finally, stratification analyses were performed to
explore whether sex could confound the relationship between
plasma TFAs and thyroid function measures and the ratios of
thyroid function measures. The level of significance in the study
was 0.05 (P < 0.05).
RESULTS

Demographic Characteristics
Population characteristics of 626 participants are presented in
Table 1. 336 (53.7%) participants in our study were men. 44.4%
were non-Hispanic white, while 17.3% were Non-Hispanic
Black, 22.0% were Mexican American, and 4.0% were Other
Race. 47.0% were in the category above high school. There were
434 (69.3%) participants being overweight or obese. According
to self-report, 21.1% of participants were current smokers and
75.9% participants’ annual family income were above 20000$.
Nearly half of the participants’ UIC were normal, while 36.9%
were deficient and 13.6% were excessive.

Thyroid Function Measures
The Table 2 presented the concentrations of thyroid function
measures. The plasma mean concentration of TT4, FT4, TT3,
FT3, TSH, Tg, TgAb and TPOAb levels were 0.80 ug/dL, 117.14
ng/dL, 3.24 ng/dL, 1.96 pg/mL, 14.14 mIU/L, 9.58 ug/L, 24.38 IU/
mL and 8.02 IU/mL respectively. The distributions of thyroid
function measures of different subgroups were shown in Table
S2. SerumTT4, TT3, FT3 and TSH levels were significantly different
in subgroup of age (all P <0.05). The subgroup of age above 60 had
the highest TT4 (8.23 ug/dL) and TSH (2.24 mIU/L) levels and the
lowest TT3 (111.38 ng/dL) and FT3 (3.07 pg/mL) concentrations.
Frontiers in Endocrinology | www.frontiersin.org 3
TABLE 1 | Distribution of demographic and laboratory characteristics.

Population Characteristics N (%)

Sex
Male 336 (53.7)
Female 290 (46.3)
Age category
20-39 216 (34.5)
40-59 216 (34.5)
≥60 194 (31.0)
Race category
Mexican American 138 (22.0)
Other Hispanic 77 (12.3)
Non-Hispanic White 278 (44.4)
Non-Hispanic Black 108 (17.3)
Other race 25 (4.0)
BMI category
Underweight 5 (0.8)
Normal weight 187 (29.9)
Overweight 222 (35.4)
Obesity 212 (33.9)
Education category
Less than high school 197 (31.5)
High school/GED 135 (21.5)
More than high school 294 (47.0)
Income
<20000$ 151 (24.1)
≥20000$ 475 (75.9)
Smoking category
Current smoker 132 (21.1)
Non-smoker 334 (53.3)
Former smoker 160 (25.6)
Alcohol category
Yes 552 (88.2)
No 74 (11.8)
UIC
Iodine deficient 231 (36.9)
Normal 310 (49.5)
Excessive iodine intake 85 (13.6)
July 2022 | Volume 13 | Artic
BMI, body mass index; GED, General Equivalency Diploma; UIC, urine iodine
concentration.
TABLE 2 | Distribution of serum TFAs concentrations and thyroid function measures.

Serum Analyte Mean GM

Thyroid Function Measures 8.02 7.90
TT4 (ug/dL) 0.80 0.79
FT4 (ng/dL) 117.14 115.27
TT3 (ng/dL) 3.24 3.22
FT3 (pg/mL) 1.96 1.66
TSH (mIU/L) 14.14 9.42
Tg (ug/L) 9.58 0.82
TgAb (IU/mL) 24.38 1.23
TPOAb (IU/mL) 8.02 7.90
TFAs Exposure Biomarkers (umol/L) 0.80 0.79
Palmitelaidic acid 4.28 3.89
Elaidic acid 16.17 14.10
Vaccenic acid 21.07 18.50
Linolelaidic acid 1.78 1.61
Sum TFAs 43.29 38.62
le
TT4, total thyroxine; TT3, total triiodothyronine; FT4, free thyroxine; FT3, free
triiodothyronine; TSH, thyroid stimulating hormone; Tg, thyroglobulin; TgAb,
thyroglobulin antibodies; TPOAb, thyroid peroxidase antibodies; TFAs, trans fatty acids;
GM, geometric mean.
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Except FT4 and TT3, the differences of thyroid function measures
levels among sex subgroups were statistically significant
(all P <0.05), and female group had higher serum TT4, TSH, Tg,
TgAb and TPOAb levels. The thyroid function measures (TT4,
TT3, FT3, TSH, Tg) levels were also significantly different among
race subgroups (P=0.011, P=0.041, P=0.005, P=0.001 and
P=1.82×10-8, respectively), Non-Hispanic White group had the
highest TSH (2.17 mIU/L) and the lowest TT4 (7.88 ug/dL), TT3
(115.47 ng/dL) and FT3 (3.18 pg/mL) concentrations. Besides, in
education categories, subgroup of more than high school had the
lower TT4, TT3 and FT3 (all P <0.05). Additionally, the TT4 levels
were significantly different in alcohol categories (P=0.20×10-5), and
FT3 levels were significant different in smoking categories
(P=0.018). Furthermore, compared to normal and excessive
iodine intake group, iodine deficient group tended to have a
higher TT4 (8.18 ug/dL) and Tg (16.30 ug/L) levels.

Trans Fatty Acids Level
The Table 2 presented the concentrations of palmitelaidic acid,
elaidic acid, vaccenic acid, linoelaidic acid and the sum of these
TFAs respectively. The plasma mean concentration of vaccenic
acid (21.07 umol/L) was the highest, followed by elaidic acid
(16.17 umol/L), palmitelaidic acid (4.28 umol/L) and linolelaidic
acid(1.78 umol/L). In addition, the mean level of sum TFAs was
43.29 umol/L.

Associations Between TFAs and Thyroid
Function Measures
The associations between log-transformed TFAs and thyroid
function measures are presented in Table 3. Multivariable linear
regression analysis showed that palmitelaidic acid and elaidic
acid were significantly associated with increased TT4 (b = 0.021,
95% CI: 0.029–0.094, P <0.05; b = 0.035, 95% CI: 0.006–0.063,
P <0.05, respectively), while linolelaidic acid was negatively
correlated with FT4 (b = -0.067, 95% CI: -0.097– -0.036,
P <0.05). Our results also revealed that all the four TFAs
and the sum TFAs were positively associated with FT3 (b = 0.023,
95%CI: 0.004–0.042; b= 0.030, 95%CI: 0.014–0.047; b= 0.022, 95%
CI: 0.006–0.039; b = 0.026, 95% CI: 0.007– 0.045; b = 0.029, 95%CI:
0.011– 0.047, respectively), while only palmitelaidic acid was
Frontiers in Endocrinology | www.frontiersin.org 4
positively correlated with TT3 (b = 0.038, 95% CI: 0.005–0.071, P
<0.05). Additionally, the analysis results showed that only plasma
linolelaidic acid was significantly correlated with plasma TSH (b =
0.124, 95% CI: 0.013–0.236, P <0.05). Furthermore, there was no
significantly association betweenTg, TgAb andTPOAb andTFAs in
our study.

Associations Between TFAs and the
Ratios of Thyroid Function Measures
The associations between log-transformed TFAs and the ratios of
thyroid function measures are shown in Table 4. The
multivariate linear regression model was adjusted by sex, age,
BMI, race, UIC, alcohol use and tobacco smoking. We found that
the associations between elaidic acid, vaccenic acid, linoelaidic
acid and the sum TFAs and FT3/FT4 were statistically significant
(b = 0.491, 95% CI: 0.195–0.786, P <0.05; b = 0.408, 95% CI:
0.116–0.700, P <0.05; b = 0.873, 95% CI: 0.541–1.204, P <0.05;
b = 0.519, 95% CI: 0.199–0.839, P <0.05, respectively). Besides,
the significantly inverse associations between all the four TFAs
and the sum TFAs and FT4/TT4 were observed.

Stratified Analysis of Correlations
Between Plasma TFAs and Thyroid
Function Measures and the
Corresponding Ratios
To further explore whether sex could confound the relationship
between plasma TFAs and thyroid functionmeasures and the ratios,
stratification analyses were performed based on sex categories
(Tables S3, S4). The associations between TFAs and thyroid
function measures and the ratios shown in Tables 3, 4 remained
significant in female. In addition, stratification analyses showed
positive associations between sum TFAs and TT4, and between
elaidic acid, linolelaidic acid and sum TFAs and TT3 in female
subgroup. For male, linolelaidic acid was negatively correlated with
FT4 (b = -0.057, 95% CI: -0.098– -0.016, P <0.05) and elaidic acid
and the sum TFAs was positively associated with FT3. Furthermore,
the associations between TFAs and FT3/FT4 shown in Table 4
remained significant, while there was no significant association
between TFAs and FT4/TT4 in male (Table S4).
TABLE 3 | Multivariate regression analyses of log-transformed serum TFAs in relation to log-transformed serum thyroid function measures.

TT4(ug/dL) FT4(ng/dL) TT3(ng/dL) FT3(pg/mL) TSH(mIU/L) Tg(ug/L) TgAb(IU/mL) TPOAb (IU/
mL)

b (95% CI)

Palmitelaidic
acid

0.061
(0.029,0.094)*

-0.004
(-0.035,0.027)

0.038
(0.005,0.071)*

0.023
(0.004,0.042)*

0.060
(-0.053,0.173)

-0.115
(-0.302,0.072)

0.210
(0.011,0.409)

-0.192
(0.549,0.164)

Elaidic acid 0.035
(0.006,0.063)*

-0.022
(-0.049,0.005)

0.024
(-0.005,0.053)

0.030
(0.014,0.047)*

0.049
(-0.050,0.147)

0.040
(-0.123,0.203)

0.077
(-0.097,0.251)

-0.025
(0.336,0.287)

Vaccenic acid 0.019
(-0.009,0.047)

-0.020
(-0.046,0.007)

0.018
(-0.010,0.047)

0.022
(0.006,0.039)*

0.070
(-0.027,0.167)

-0.044
(-0.204,0.117)

0.125
(-0.046,0.296)

-0.077
(0.384,0.229)

Linolelaidic acid -0.013
(-0.045,0.020)

-0.067
(-0.097,0.036)*

0.017
(-0.016,0.050)

0.026
(0.007,0.045)*

0.124
(0.013,0.236)*

0.033
(-0.152,0.218)

0.098
(-0.099,0.295)

-0.071
(0.424,0.282)

Sum TFAs 0.030
(-0.001,0.061)

-0.025
(-0.054,0.005)

0.025
(-0.006,0.056)

0.029
(0.011,0.047)*

0.077
(-0.030,0.181)

-0.025
(-0.202,0.151)

0.138
(-0.050,0.325)

-0.063
(0.399,0.274)
July 202
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TT4, total thyroxine; TT3, total triiodothyronine; FT4, free thyroxine; FT3, free triiodothyronine; TSH, thyroid stimulating hormone; Tg, thyroglobulin; TgAb, thyroglobulin antibodies; TPOAb,
thyroid peroxidase antibodies; CI, confidence interval; *P < 0.05; Model was adjusted by sex category, age, BMI, race category, UIC, alcohol category and smoking category.
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DISCUSSION

In this study, we observed positive associations between TFAs
and plasma TT4, TT3, FT3, TSH and FT3/FT4 ratio, and
negative associations between TFAs and FT4 and FT4/TT4.
Additionally, sex-stratified subgroup analysis showed that the
associations between thyroid function measures and the ratios
remained significant in female. Besides, the stratified analysis
showed the inconsistent associations of TFAs and thyroid
function measures for different gender.

Under normal physiological situation, the HPT axis is
tightly regulated by a homeostatic feedback loop. However,
illnesses or exposure to environmental contaminants may
perturb the regulatory system. At present, limited data are
available on the potential impact of TFAs on thyroid
function. Our research revealed that TFAs were associated
with TT4 and TT3 concentrations, which is consistent with
the previous animal experiments (13–15). However, no
changed TSH level were observed by infusion fat mixtures
high in TFAs for three weeks in lactating cows (13).
Furthermore, research has confirmed that FT3/FT4 ratio is a
valid index of deiodinase activity which converting FT4 into
FT3 (24). Our findings showed positive associations between
TFAs and deiodinase activity, while the animal study found that
TFAs can inhibit 5’-deiodinase activity in vitro. One possible
explanation for the inconsistency in animal experiments may
be the methodological and species differences. In the study of
human populations, the consumption of non-homemade food
and pro-inflammatory diet was positively correlated with TT4
and TSH level (11, 12), but there is no studies on the impact of
TFAs on thyroid function.

The mechanisms underlying the associations are not yet clear.
Growing evidence suggests that inflammation is linked with
abnormal thyroid function (25–27). The secretion of thyroid
hormones might be inhibited in intermediate levels of pro-
inflammatory markers and potentiated in low levels (28).
TFAs, a definite pro-inflammatory food parameter, induced
low-grade inflammation, which may interpret the positive
associations between TFAs and serum TT4, TT3, FT3 and
TSH. As part of HPT axis homeostatic feedback loop, 5’-
deiodinase activity is induced at the transcriptional level by
elevated circulating FT3 and converts more FT4 to FT3. So, we
also observed the positive association between TFAs and FT3/
FT4 which reflects the 5’-deiodinase activity. Besides, pro-
inflammatory cytokines have the effect on synthesis and
activity of 5’-deiodinase (29). Taken together, more in-depth
Frontiers in Endocrinology | www.frontiersin.org 5
studies are required to verify the probable sites and mechanism
on human.

Furthermore, we observed the relationships of the plasma
TFAs and thyroid function measures and corresponding ratios
were remained significant in female. Many studies show that
women are more susceptible to thyroid disease than men, which
may partially be caused by the increased requirements on the
thyroid during pregnancy and lactation, or the impact of
estrogens on thyroid function (30, 31). Thus, we inferred that
our findings may be due to the fact that female HPT axis
homeostasis is more susceptible to TFAs.

The study is the first cross-sectional population research to
examine the relationship between serum TFAs and thyroid
function measures in US adults. Serum levels of TFAs subtypes
reflect the availability in the diet because human do not
synthesize TFAs and the direct exposure assessments
circumvents the recall bias of food frequency questionnaires.
However, there were some limitations in the present study.
Firstly, the plasma levels of TFAs and thyroid hormones were
examined only for a single measurement, which failed to reflect
the long-term plasma thyroid index status (32, 33). Secondly, the
cross-sectional analysis cannot determine the causation. Dietary
TFAs are absorbed, activated, oxidized, and acylated into ester
lipids much like saturated fatty acids in vivo, and HPT axis is
involved in this process (34) There may be dual-direction effects
between TFAs and thyroid hormones. Finally, the data on
pediatric and adolescent are lacking in our study. Further
researches of populations at various life stages are warranted in
this area.
CONCLUSION

In conclusion, the current study suggests that circulating TFAs
are associated with levels of thyroid function measures in adults,
indicting a potential influence of TFAs on the thyroid function.
However, prospective work is required to clarify the
underlying mechanisms.

Supplementary Materials: Line Figure S1: Flow chart of study
population exclusion criteria; Table S1: The detailed websites of
laboratory methods and QA/QC procedures; Table S2:
Distribution of thyroid function measures. Table S3: Stratified
analysis of correlations between log-transformed serum trans
fatty acids and log-transformed thyroid function measures by sex
category; Table S4: Stratified analysis of correlations between
TABLE 4 | Multivariate regression analyses of log-transformed serum TFAs in relation to ratios of thyroid function measures.

FT3/FT4 TT4/TT3 FT4/TT4 FT3/TT3

b (95% CI)
Palmitelaidic acid 0.260 (-0.082,0.601) 0.004 (-0.003,0.010) -0.015 (-0.022,-0.008) * -0.001 (-0.003,0.001)
Elaidic acid 0.491 (0.195,0.786) * 0.002 (-0.004,0.008) -0.013 (-0.019,-0.006) * 0.001 (-0.001,0.002)
Vaccenic acid 0.408 (0.116,0.700) * 2.41×10-4 (-0.005,0.006) -0.009 (-0.015,-0.003) * 4.35×10-4 (-0.001,0.002)
Linolelaidic acid 0.873 (0.541,1.204) * -0.005 (-0.011,0.001) -0.012 (-0.019,-0.004) * 0.001 (-0.001,0.003)
Sum TFAs 0.519 (0.199,0.839) * 0.001 (-0.005,0.007) -0.013 (-0.019,-0.006) * 0.001 (-0.001,0.002)
July 2022 | Vo
FT3, free triiodothyronine; FT4, free thyroxine; TT4, total thyroxine; TT3, total triiodothyronine; CI, confidence interval; *P < 0.05; Model was adjusted by sex category, age, BMI, race
category, UIC, alcohol category and smoking category.
lume 13 | Article 928730

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Wang et al. TFAs and Thyroid Function, NHANES
log-transformed serum trans fatty acids and ratios of thyroid
function measures by sex category.
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