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Inverse Correlation between Free
Trilodothyronine to Free Thyroxine Ratio
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ABSTRACT

Objective: This clinical study investigated the hypoth-
esis that patients with type 2 diabetes (T2D), who
consume more dietary sodium while taking dipeptidyl
peptidase 4 inhibitors (DPP4is), would demonstrate
increased iodothyronine deiodinase-2 activity, elevat-
ing the free trilodothyronine to free thyroxine ratio.
Materials and methods: This study included 157 pa-
tients with T2D. Dietary salt intake was estimated
following Tanaka’s formula. Pearson’s correlation
coefficients were calculated to estimate the linear
correlations between variables.

Results: The DPP4i and non-DPP4i groups included 58
(female/male = 15/43) and 99 participants (female/
/male = 37/62), respectively. The patient characteristics
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of the DPP4i versus non-DPP4i groups were as follows:
mean age (years): 70.2 + 10.7 versus 68.3 + 11.7; mean
T2D duration (years):16.8 = 10.9 versus 16.5 = 12.7;
mean thyroid-stimulating hormone (pU/mL): 2.04 +
+ 1.75 versus 2.036 = 1.381; mean free triiodothyro-
nine (FT3) (pg/mL): 2.792 + 0.378 versus 2.741 + 0.402;
free thyroxine (FT4) (ng/dL): 1.08 + 0.216 versus
1.134 + 0.237; FT3/FT4 ratio: 2.569 + 0.487 versus
2.486 + 0.486; sodium intake (g/day): 10.4 + 2.911
versus 10.41 = 2.671. The free triiodothyronine to free
thyroxine ratio was inversely correlated with dietary
sodium intake in the DPP4i group (r = —0.444) but
demonstrated no correlation with dietary sodium
intake in the non-DPP4i group (r = —0.153).
Conclusions: The results are different from those
of mouse adipose tissue, but DPP4is may affect io-
dothyronine deiodinase-2 activity in patients with
T2D under certain conditions. Clinicians should pay
close attention to DPP4i intake and dietary sodium
consumption when estimating the iodothyronine
deiodinase activity of patients with T2D. (Clin Diabetol
2024; 13, 2: 101-105)
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Introduction

Liraglutide, a glucagon-like peptide-1 receptor
agonist (GLP-1 RA), increases type 2 iodothyronine
deiodinase (DI02) activity without significantly up-
regulating its mRNA levels in mouse adipose tissue [1].
A study revealed that oral sodium loading increases
endogenous glucagon-like peptide-1 (GLP-1) levels in
humans [2], whereas our previous study demonstrated
that patients with type 2 diabetes (T2D) who received
increased dietary sodium intake exhibited improved
dipeptidyl peptidase 4 inhibitors (DPP4i) effects on
glycemic control [3].

The free triiodothyronine (FT3) to free thyroxine
(FT4) ratio (FT3/FT4 ratio) is considered an index of type
1 iodothyronine deiodinase (DIO1) and DIO2 activities
[4-6]. Therefore, this clinical study investigated the
hypothesis that patients with T2D consuming more
dietary sodium while taking DPP4i would demonstrate
increased DIO activities, causing elevated FT3/FT4 ratio.

Materials and methods
Participants

The Institutional Review Board of Hidaka Hospital
approved our study protocol that conformed to the
principles stated in the Declaration of Helsinki (1964)
(#336). Each participant signed written informed
consent.

We excluded participants who had ever been
diagnosed with hypertension with or without antihy-
pertensive medication because they were instructed
to reduce dietary sodium intake. Additionally, changes
were not made to the prescriptions during the obser-
vation period. Moreover, this study excluded partici-
pants with an estimated glomerular filtration rate of
< 45 mL/min/1.73 m? as well as those taking GLP-1 RA
because the ligand level to the GLP-1 receptor reached
a nonphysiologically high level.

Thus, this study included 157 patients with T2D
and no previously diagnosed hypertension who visited
our hospital from December 2021 to December 2022.

Estimation of the dietary sodium intake

Dietary salt intake was estimated according to
Tanaka’s formula [7]. Tanaka’s formula is a method for
estimating 24-h sodium excretion using urine samples
at any time. It is used to evaluate salt intake in patients
with hypertension and for salt reduction guidance.

Specifically, first, calculate the 24-h urinary cre-
atinine excretion (mg/day) from the formula {[weight
(kg) x 14.89] + [height (cm) x 16.14] (age x 2.043)
2244.45. Afterward, calculate the 24-h urinary Na ex-
cretion (mEg/day) by {21.98 X [urinary Na (mEqg/L) at
any time + urinary creatinine (mg/dL) at any time +
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+ 10 X 24-hour urinary creatinine excretion] ~ 0.392}.
Finally, the estimated daily salt intake (g/day) was cal-
culated from {24-hour urine Na divided by 17}.

Sample size

The sample size was calculated, considering a sta-
tistical power of 0.80, a of 0.05, and an effect size of
0.361. The resulting sample sizes were individuals for
the outcomes. Therefore, our study required 58 samples
for the DPP4i group.

Statistical analysis

All statistical data were analyzed using Statisti-
cal Package for the Social Sciences software (version
10.0, SPSS Inc., Chicago, IL, USA). All numerical val-
ues are expressed as means = SD. Dunnett’s test was
used for multiple comparisons of variables. Analysis
of variance and Wilcoxon rank-sum test were used
to compare continuous variables by group for non-
normally distributed data. We calculated Pearson’s
correlation coefficients to estimate the linear correla-
tion between variables. All tests for significance and
the resulting p-values were two-sided, with a level of
significance set at 5%.

Results
Participant characteristics

The majority of the subjects were male, account-
ing for 74.1% and 62.6% of the DPP4i (N = 58) and
non-DPP4i groups (N = 99), respectively. The patient
characteristics in the DPP4i and non-DPP4i groups were
as follows: mean age (years): 70.2 = 10.7 versus 68.3 =
+ 11.7; mean T2D duration (years): 16.8 = 10.9 versus
16.5 = 12.7; mean body mass index (kg/m?): 24.5 + 3.4
versus 24.7 = 16.2; mean systolic blood pressure
(mmHg): 133.2 + 15.6 versus 134.1 = 16.2; mean
diastolic blood pressure (mmHg): 71.3 * 11.7 versus
72.3 = 11.0; mean serum creatinine level (mg/dL):
0.90 + 0.28 versus 0.85 + 0.32; mean casual triglyc-
eride level (mg/dL): 152.1 + 86.7 versus 164.1 + 98.5;
mean high-density lipoprotein cholesterol level (mg/dL):
53.0 = 12.7 versus 60.2 = 19.0; mean low-density
lipoprotein cholesterol level (mg/dL): 105.6 * 30.5
versus 111.7 * 32.6; mean casual plasma glucose
level (mg/dL): 163.6 = 50.1 versus 153.6 = 56.6;
mean glycated hemoglobin level (%): 6.7 = 1.0 versus
6.8 = 0.8; mean thyroid-stimulating hormone (TSH)
(uU/mL): 2.04 = 1.75 versus 2.036 = 1.381; mean free
trilodothyronine (FT3) (pg/mL): 2.792 + 0.378 versus
2.741 + 0.402; mean free thyroxine (FT4) (ng/dL):
1.08 = 0.216 versus 1.134 = 0.237; FT3/FT4 ratio:
2.569 + 0.487 versus 2.486 = 0.486; sodium intake
(g/day): 10.4 = 2.911 versus 10.41 + 2.671. The dif-
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ference in characteristics between the two groups is
statistically not significant.

Proportion of patients prescribed antidiabetic
medications

Among those in the DPP4i and non-DPP4i groups,
sodium-glucose cotransporter 2 inhibitors (SGLT2is)
were prescribed to 42.4% and 46.6%, glinides to
22.2% and 13.8%, sulfonylureas to 22.2% and 8.6%,
a-glucosidase inhibitors to 11.1% and 6.9%, thiazo-
lidinediones to 1.0% and 0%, to biguanides 30.3%
and 20.7%, and GLP-1 receptor analogs (GLP-1 RAs)
to 0.0% and 0.0%. Insulin was administered in 10.0%
and 25.9% and imeglimin in 12.1% and 6.9% of the
DPP4i and non-DPP4i groups, respectively.

Proportion of patients prescribed DPP4i
Sitagliptin, vildagliptin, linagliptin, teneligliptin,
alogliptin, and anagliptin were administered in 58.0%,
18.0%, 16.0%, 4.0%, 2.0%, and 2.0% of patients, re-
spectively. Statins were prescribed in 37.4% and 25.8%
of the patients and proton-pump inhibitors in 3.0% and
3.2% of the DPP4i and non-DPP4i groups, respectively.

Analysis of multiple comparisons for factors af-
fecting the FT3/FT4 ratio

Table 1 shows that sodium intake was indepen-
dently associated with the FT3/FT4 ratio but not associ-
ated with TSH, FT3, and FT4 levels in the DPP4i group.

Table 1. Participant Characteristics

Conversely, sodium intake was not associated with TSH,
FT3, FT4, and FT3/FT4 ratios in the non-DPP4i group.

Relationship between the FT3/FT4 ratio and
dietary sodium intake in the DPP4i and non-
DPP4i groups

Figure 1 shows the regression coefficients for
the univariate linear regression analysis between the
FT3/FT4 ratio and dietary sodium intake in the DPP4i
and non-DPP4i groups. The FT3/FT4 ratio was inver-
sely correlated with dietary sodium intake in the
DPP4i group (r = —0.444) (Fig. 1A) but not in the
non-DPP4i group (r = —0.153) (Fig. 1B).

Discussion

Thyroid hormone deiodinases consist of a dynamic
system whose components synergistically act to ul-
timately maintain thyroid hormone signaling to the
greatest extent possible in the serum and intracellular
environment, thereby supporting thyroid function con-
cerning various demands of the organism in physiologi-
cal and pathological contexts [8]. The FT3/FT4 ratio is
an index of DIO1 and DIO2 activities [4-6].

Studies have revealed that liraglutide, a GLP-1
RA, increases DIO2 activity in mice [1]. However, oral
sodium loading increases endogenous GLP-1 levels in
humans [2]. Consistent with these results, we previously
revealed that patients with T2D who had increased di-
etary sodium intake demonstrated heightened DPP4i

DPP4i group Non-DPP4i group
N 58 929
Gender [F/M] 15/43 37/62
Age [years] 70.2 = 10.7 68.3 = 11.7
Type 2 diabetes duration [years] 16.8 = 10.9 16.5 = 12.7
Body mass index [kg/m?] 245+ 3.4 24.7 + 16.2
Systolic blood pressure [mmHg] 133.2 £ 15.6 134.1 £ 16.2
Diastolic blood pressure [mmHg] 713 +11.7 723 +11.0
Serum creatinine [mg/dL] 0.90 + 0.28 0.85 £ 0.32
Casual triglyceride [mg/dL] 152.1 = 86.7 164.1 = 98.5
High-density lipoprotein cholesterol [mg/dL] 53.0 + 12.7 60.2 = 19.0
Low-density lipoprotein cholesterol [mg/dL] 105.6 + 30.5 111.7 £ 32.6
Casual plasma glucose [mg/dL] 163.6 = 50.1 153.6 = 56.6
Glycated hemoglobin [%] 6.7 1.0 6.8 0.8
Thyroid stimulating hormone [mU/mL] 2.04 =+ 1.75 2.036 = 1.381
Free triiodothyronine [pg/mL] 2.792 = 0.378 2.741 = 0.402
Free thyroxine [ng/dL] 1.08 = 0.216 1.134 + 0.237
Free triiodothyronine to free thyroxine ratio 2.569 + 0.487 2.486 + 0.486
Sodium intake [g/day] 10.4 £ 2.911 10.41 = 2.671

All numerical values are expressed as means + standard deviation; DPP4i — dipeptidyl peptidase 4 inhibitor
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The FT3/FT4 ratio was inversely correlated with dietary sodium intake
in the DPP4i group (r = —0.444)

A

B

The FT3/FT4 ratio was not correlated with dietary sodium intake
in the non-DPP4i group (r = —0.153)

Figure 1. Relationship between the Free Triiodothyronine to Free Thyroxine Ratio (FT3/FT4 Ratio) and Dietary Sodium Intake in
A. the DPP4 Inhibitor (DPP4i) and B. Non-DPP4i Groups. DPP4 — dipeptidyl peptidase 4

Table 2. Multiple Regression Analysis of the Relationship between Sodium Intake and Associated Thyroid Hormones

DPP4i group non-DPP4i group
p-value r-value p-value r-value
Thyroid stimulating hormone 0.822 0.023 0.644 0.067
Free triiodothyronine 0.483 —0.062 0.343 -0.118
Free thyroxine 0.324 0.148 0.455 0.067
Free triiodothyronine to free thyroxine 0.011 —0.444 0.011 —0.153

ratio

r represents the correlation coefficient; DPP4i — dipeptidyl peptidase 4 inhibitor

effects on glycemic control, based on which we as-
sumed that dietary sodium intake affects endogenous
GLP-1 levels and activity [3]. Thus, DPP4 may affect
DIO2 activity under certain conditions. Therefore, the
current clinical study aimed to investigate the hypoth-
esis that patients with T2D, who consume more dietary
sodium while taking DPP4is, would exhibit increased
DIO2 activities, causing elevated FT3/FT4 ratios. How-
ever, contrary to our hypothesis, the FT3/FT4 ratio was
inversely correlated with dietary sodium intake in the
DPP4i group (r = —0.444) but not correlated in the
non-DPP4i group (r = —0.153). Our results indicate
differences between humans and mice as well as DIO2
measurement.

The clinical significance of this study
Clinicians need to determine the blood TSH and T4

levels and do not directly measure T3 to assess thyroid

function [9]. However, a recent study has revealed that
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subclinical variation in the hypothalamic—pituitary-thy-
roid-axis effector hormone T3 is a crucial and over-
looked factor connecting socioeconomic forces, human
biology, and aging [9]. Importantly, T4 and TSH levels
are poorly associated with free T3 levels. Alternatively,
TSH and T4 may not be accurate surrogates of free T3.
Thus, measuring T3 levels is recommended in addition
to T4 and TSH levels. However, deiodinase produced
T3 from T4 [4-6], thus determining a new factor that
affects deiodinase activity is important. Concomitant
with this line of thought, whether or not dietary sodium
intake and DPP4i affect deiodinase activity (FT3 to FT4
ratio) becomes a clinically important issue.

Our study has limitations that warrant further discus-
sion. First, we did not measure GLP-1 levels because we
did not obtain blood samples. Second, the sample size
was small (N = 157), with limited differences in ethnicity,
age, and weight. Therefore, our results are not completely
generalizable. Thus, future studies that include a larger
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cohort with a wider range of demographic characteris-
tics are warranted to confirm our results. Altogether, our
results revealed that clinicians should pay close attention
to DPP4i intake and dietary sodium consumption when
estimating DIO2 activities in patients with T2D.

Article information
Data availability statement

The datasets generated or analyzed in the current
study are available from the corresponding author upon
reasonable request.

Ethics statement

The ethics committees at Hidaka Hospital approved
our study, which conformed to the Declaration of Hel-
sinki (as #355).

Author contributions

Shuichi Okada, Koji Kikkawa, and Kihachi Ohshima
took care of the patient. Shuichi Okada, Kazuya Okada,
Koji Kikkawa, Junichi Okada, Eijiro Yamada, Tsugumichi
Saito, Tetsuro Andou, and Kihachi Ohshima attended
the clinical conferences and made important sugges-
tions for differential diagnosis and therapeutic strat-
egy. Shuichi Okada and Junichi Okada prepared the
manuscript.

Funding
No funding was received for this study.

Conflict of interest
The authors declare no conflict of interest.

REFERENCES

1.

Oliveira FCB, Bauer EJ, Ribeiro CM, et al. Liraglutide Activates
Type 2 Deiodinase and Enhances 3-Adrenergic-Induced Thermo-
genesis in Mouse Adipose Tissue. Front Endocrinol (Lausanne).
2021; 12: 803363, doi: 10.3389/fendo.2021.803363, indexed in
Pubmed: 35069450.

. Asmar A, Cramon PK, Asmar M, et al. Increased oral sodium chloride

intake in humans amplifies selectively postprandial GLP-1 but not
GIP, CCK, and gastrin in plasma. Physiol Rep. 2020; 8(15): 14519,
doi: 10.14814/phy2.14519, indexed in Pubmed: 32770661.

. Okada S, Okada K, Okada J, et al. Effect of dipeptidyl pepti-

dase-4 inhibitors on glycated hemoglobin levels relies on dietary
sodium intake. Diabetes Metab Syndr. 2023; 17(7): 102806,
doi: 10.1016/j.dsx.2023.102806, indexed in Pubmed: 37343509.

. Okada S, Isoda A, Hoshi H, et al. The ratio of free triiodothyronine to

free thyroxine is regulated differently in patients with type 2 diabetes
mellitus treated and not treated with sodium glucose cotrans-
porter 2 inhibitors. Diabetes Metab Syndr. 2023; 17(1): 102704,
doi: 10.1016/j.dsx.2022.102704, indexed in Pubmed: 36621107.

. Tura Bahadir C, Yilmaz M, Kilickan E. Free triiodothyronine to free

thyroxine ratio in the differential diagnosis of thyrotoxicosis and
hyperthyroidism: A retrospective study. Int J Clin Pract. 2021;
75(5): €14003, doi: 10.1111/ijcp.14003, indexed in Pubmed:
33403716.

. Stépanek L, Horakova D, Stépének L, et al. Free triiodothyro-

nine/free thyroxine (FT3/FT4) ratio is strongly associated with
insulin resistance in euthyroid and hypothyroid adults: a cross-
sectional study. Endokrynol Pol. 2021; 72(1): 8-13, doi: 10.5603/
EP.a2020.0066, indexed in Pubmed: 33125689.

. Ito T, Takeda M, Hamano T, et al. Effect of salt intake on blood

pressure in patients receiving antihypertensive therapy: Shimane
CoHRE Study. Eur J Intern Med. 2016; 28: 70-73, doi: 10.1016/j.
€jim.2015.10.013, indexed in Pubmed: 26542488.

. Sabatino L, Vassalle C, Del Seppia C, et al. Deiodinases and

the Three Types of Thyroid Hormone Deiodination Reactions.
Endocrinol Metab (Seoul). 2021; 36(5): 952-964, doi: 10.3803/
EnM.2021.1198, indexed in Pubmed: 34674502.

. Lawton RI, Sabatini BL, Hochbaum DR. Longevity, demographic

characteristics, and socio-economic status are linked to triiodo-
thyronine levels in the general population. Proc Natl Acad Sci U S
A.2024;121(2): 2308652121, doi: 10.1073/pnas.2308652121,
indexed in Pubmed: 38175866.

105


http://dx.doi.org/10.3389/fendo.2021.803363
https://www.ncbi.nlm.nih.gov/pubmed/35069450
http://dx.doi.org/10.14814/phy2.14519
https://www.ncbi.nlm.nih.gov/pubmed/32770661
http://dx.doi.org/10.1016/j.dsx.2023.102806
https://www.ncbi.nlm.nih.gov/pubmed/37343509
http://dx.doi.org/10.1016/j.dsx.2022.102704
https://www.ncbi.nlm.nih.gov/pubmed/36621107
http://dx.doi.org/10.1111/ijcp.14003
https://www.ncbi.nlm.nih.gov/pubmed/33403716
http://dx.doi.org/10.5603/EP.a2020.0066
http://dx.doi.org/10.5603/EP.a2020.0066
https://www.ncbi.nlm.nih.gov/pubmed/33125689
http://dx.doi.org/10.1016/j.ejim.2015.10.013
http://dx.doi.org/10.1016/j.ejim.2015.10.013
https://www.ncbi.nlm.nih.gov/pubmed/26542488
http://dx.doi.org/10.3803/EnM.2021.1198
http://dx.doi.org/10.3803/EnM.2021.1198
https://www.ncbi.nlm.nih.gov/pubmed/34674502
http://dx.doi.org/10.1073/pnas.2308652121
https://www.ncbi.nlm.nih.gov/pubmed/38175866

