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Purpose:We aim to determine the role of free triiodothyronine (FT3), the main active ingredient of thyroid hormones (THs), in type 2
diabetes mellitus (T2DM) patients with mild cognitive impairment (MCI).
Patients and Methods: A total of 255 T2DM patients without diagnosed thyroid diseases were recruited and divided into MCI
group and healthy cognition group. Neuropsychological functions were observed by multidimensional cognitive function scales in
including MoCA, Digit Span Test (DST), Verbal Fluency Test (VFT), Clock drawing test (CDT), Trail Making Test (TMT) A and B,
Instantaneously Recalled Auditory Verbal Learning Test (AVLT-IR), Delayed Recalled Auditory Verbal Learning Test (AVLT-DR) and
Logical Memory Test (LMT). Correlation and logistic regression analyses were performed to explore the association between FT3 and
diabetic cognitive dysfunction.
Results: Compared with 147 normal cognition patients, 108 MCI patients exhibited lower FT3 and higher HOMA-IR. FT3 level was
not only positively correlated with MoCA scores, but DST, VFT and LMT, while negatively associated with TMTB. Furthermore,
there is a negative association between FT3 and HOMA-IR. Logistic regression showed that decreased FT3 is a risk factor of MCI in
T2DM patients. Although FT3 is not the risk factor of MCI after homeostasis model assessment of insulin resistance (HOMA-IR) was
entered as an independent variable, lower FT3 is associated with VFT and LMT adjusted by age, education, BMI, DM duration, HBP
duration, smoking, HbA1c and HOMA-IR.
Conclusion: Lower FT3 levels may involve in MCI, especially for executive function and scene memory in T2DM patients without
diagnosed thyroid diseases.
Keywords: free triiodothyronine, mild cognitive impairment, insulin resistance, type 2 diabetes mellitus

Introduction
Triiodothyronine (T3) regulates the beta-amyloid precursor protein (APP) gene expression in the brain, which involves in
multiple epigenetic regulatory events in vivo or in vitro studies1,2 and maintains the survival of neurons.3 Additionally,
beta-amyloid (Aβ) deposition4 derives from APP in the brain, especially in the hippocampus,5 result in MCI, which is an
early stage of Alzheimer’s disease (AD).6

Although THs are essential for the maintenance of normal cognitive function, effects of THs’ ingredients upon
cognition complex and conflict in a great many specific studies. Chaker et al indicated that abnormal thyroid function is
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associated with dementia. They also demonstrated that this association does not seem to be mediated through vascular
events.7 Additionally, a systematic review and meta-analysis indicated that subclinical hyperthyroidism might be
associated with a modestly elevated risk of dementia.8 Moreover, it is suggested that higher thyroid stimulating hormone
(TSH) and lower free thyroxine (FT4) concentrations (within the euthyroid range) are associated with lower risk of
multiple adverse events, including mortality in older people.9 However, more studies tend to focus on the protective
effect of thyroxine on cognitive function.10–13 Indeed, the supplementation of thyroxine can improve cognitive function
and mood.14 Additionally, total T3 levels are positively correlated with the Mini-Mental State Examination (MMSE)
scores.15 T3 could also alleviate the impairment of cognitive function by sleep deprivation in male Wistar rats.16 Notably,
FT3, the main active ingredient of THs, may be possibly associated with better cognitive function and less extrapyr-
amidal symptoms in patients with chronic schizophrenia.17 Moreover, FT3 is associated with regional cerebral blood flow
in patients with AD.18 Quinlan et al even demonstrated that low serum concentration of FT3 is associated with increased
risk of AD.19

So far, there is no study focusing on the effect of lower FT3 levels (in current reference range for general individuals)
on MCI in T2DM patients without diagnosed thyroid diseases. With such a large population with T2DM in China and
worldwide,20,21 it is worth to explore the role of FT3 in MCI of patients with T2DM. For diabetic patients, the reference
range of FT3 of healthy people may not be appropriate, especially for the perspective of cognitive function. From the
perspective of cognitive dysfunction, it is necessary to examine a suitable reference range of FT3 in the diabetic
population. Here, we aim to explore the relationship between lower FT3 levels within the current reference range and
diabetic cognition dysfunction in this present study.

Materials and Methods
Experiment Design
This cross-section study was conducted in the Endocrinology Department, Affiliated Zhongda Hospital of Southeast
University. All 255 patients were recruited and meet the standard of T2DM. In these individuals, 108 T2DM patients
were diagnosed as MCI, and 147 patients with normal cognitive function.

Ethics
All participants were informed about the process of this experiment and given a hand-written signature on the informed
consent before the experiment. This study was carried out according to the Declaration of Helsinki and approved by the
Research Ethics Committee, Affiliated ZhongDa Hospital of Southeast University (approval no. of ethics committee:
2013ZDSYLL040.0).

Inclusion and Exclusion Criteria
In patients with T2DM duration more than 3 years were recruited in the present study. All T2DM patients satisfied the
World Health Organization 1999 Criteria.22 MCI patients satisfied criteria for MCI proposed by the MCI Working Group
of the European Consortium on Alzheimer’s Disease.23 The excluded subjects were as the follows and according to our
previous study24 and be described as follow: (a) severe hypoglycemia, diabetic ketoacidosis, hyperosmolar nonketotic
diabetic coma, inflammatory disease, acute cardiovascular or cerebrovascular accident; (b) a history of stroke, alcohol-
ism, head injury, Parkinson’s disease, epilepsy, major depression or other physical and mental illnesses; (c) major medical
illness (eg, cancer, anemia, and serious infection); (d) severe visual or hearing loss; (d) thyroid dysfunction (including the
history of thyroid disease diagnosis and abnormal laboratory test results).

Clinical Data Collection
Age, gender, and education as well as the duration of diabetes mellitus (DM) and high blood pressure (HBP) were collected.
Fasting blood-glucose (FBG), fasting C-peptide (FCP), glycosylated hemoglobin (HbA1c), triglyceride (TG), total cholesterol
(TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), FT3, FT4 and TSH were
determined from blood samples by Laboratory Center of Zhongda Hospital. Bodymass index (BMI), HOMA-IR, FT3/TSH, and
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FT4/TSH were calculated. Laboratory Center of Zhongda Hospital implements internal and external quality control procedures
as directed by the Chinese Laboratory Quality Control. All measurements were performed according the following
Manufacturer’s instructions: FCP (Roche Group, Basel, Switzerland; 0.007–13.3 nmol/L); TG (Roche Group, Basel,
Switzerland; 0.1–10.0 mmol/L); TC (Roche Group, Basel, Switzerland; 0.1–20.7 mmol/L); LDL-C (Ningbo Ruiyuan
Biotechnology Co., Ltd., Ningbo, China; 0.2–11.6mmol/L); HDL-C (Roche Group, Basel, Switzerland; 0.08–3.88 mmol/L);
FT3 (Roche Group, Basel, Switzerland; 0.6–50 pmol/L), FT4 (Roche Group, Basel, Switzerland; 0.5–100 pmol/L) and TSH
(Roche Group, Basel, Switzerland; 0.005–100 µIU/mL).

Neuropsychological Tests
MoCA scores were tested to assess the global cognitive function according to a previously reported method. One score
was added if the duration of education was less than 12 years.25 The enrolled patients with T2DM were divided into two
groups: MCI group (< 26) and Non-MCI group (≥ 26). CDT was to analyze for visual space function according to the
protocol of a previous research.26 DST27 and VFT28 as well as TMTA and TMTB29 were performed according to
previous studies. DST, VFT and TMTB were conducted to evaluate patients’ executive functions. TMTA was
performed to assess information processing speed function. AVLT-IR and AVLT-DR were conducted to exam the
instantaneous memory function and delayed memory function.30 LMT were used to measure the function of scene
memory.31

Statistical Methods
Data analyses were conducted by SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Student’s t-test was used for normally
distributed variables. The nonparametric Mann–Whitney U was carried out for asymmetrically distributed variables. The
Chi-squared test was utilized to test for binary variables. Partial correlation analysis, binary logistic regression analysis
and multiple linear regression analysis were performed to explore the relationships between the cognitive function and
FT3. P<0.05 was defined statistical significance.

Results
Clinical Parameters and Neuropsychological Test results of MCI and Non-MCI
Patients with T2DM
To investigate the potential risk factors of cognitive decline of T2DM patients, baseline data of clinical parameters and
neuropsychological test results between T2DMpatients with or withoutMCI were compared.We observed increased HOMA-
IR in T2DMpatients withMCI. In addition, lower FT3 and FT4 levels as well as FT3/TSH and FT3/TSH values were detected
in T2DM patients with MCI than those without MCI. While elevated TSH levels were found in T2DM patients with cognitive
decline, there is no significant difference. Not surprisingly, decreasedMoCA, DST, VFT, CDT, AVLT-IR, AVLT-DR and LMT
as well as increased TMTA and TMTB were discovered in T2DM patients with impaired cognition, compared to those in
T2DM patients with normal cognition. Expect these, we also found different age, education level, DM duration, HBP duration
and HbA1c between T2DM patients with or without MCI (Table 1).

Association Between MoCA and HOMA-IR
Owning to the difference of HOMA-IR between MCI patients and Non-MCI patients, we conducted a partial correlation to
explore the relationship between HOMA-IR and MoCA. Indeed, we found that HOMA-IR is negatively related to MoCA
(R= −0.264; P<0.001) adjusted by age, education, BMI, DM duration, HBP duration and HbA1c (Supplementary Table 1).
Additionally, binary logistic regression analysis showed that HOMA-IR is a risk factor of MCI (OR= 0.394; P= 0.038) (Table 2).

Correlation Between FT3 and HOMA-IR
After adjusted with age, education, BMI, DM duration, HBP duration and HbA1c, it is demonstrated that FT3 is
negatively associated with HOMA-IR (R=−0.215; P<0.001) (Supplementary Table 2).
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Table 1 Comparation of Clinical Parameters and Neuropsychological Test Results Between MCI and Non-MCI Group

All Individuals MCI (n=108) Non-MCI (n=147) P

Age (year) 59 (53–66) 61 (56–68) 57 (52–63) 0.002‡*

Female (n, %) 101 (39.6) 53 (49.1) 48 (32.7) 0.108§

Education (year) 11 (9–12) 9 (9–12) 12 (9–13) 0.008‡*

BMI (Kg/m2) 24.68 (22.76–27.04) 24.48 (22.67–27.05) 24.81 (22.97–26.87) 0.919‡

DM Duration (year) 10 (6–15) 8 (10–15) 10 (6–14) 0.044‡*

HBP Duration (year) 5 (0–12) 8 (0–16) 8 (0–10) 0.007‡*

Smoking (n, %) 91 (35.7) 33 (30.6) 58 (39.5) 0.182§

HbA1c 8.7 (7.6–10.4) 9.0 (8.0–10.0) 8.4 (7.3–10.0) 0.012‡*

FPG (mmol/l) 7.80 (6.57–10.00) 7.90 (6.40–10.50) 7.70 (6.60–9.72) 0.444‡

FCP (pmol/l) 0.82 (0.47–1.32) 0.92 (0.521–1.378) 0.77 (0.45–1.23) 0.054‡

HOMA-IR 0.28 (0.16–0.49) 0.33 (0.18–0.55) 0.261 (0.15–0.46) 0.033‡*

TG (mmol/l) 1.50 (1.00–2.25) 1.67 (0.94–2.57) 1.47 (1.04–2.11) 0.292‡

TC (mmol/l) 4.5±1.16 4.53±1.18 4.51±1.13 0.901†

HDL (mmol/l) 1.10 (0.94–1.27) 1.09 (0.93–1.27) 1.10 (0.94–1.28) 0.907‡

LDL (mmol/l) 2.74 (2.18–3.39) 2.72 (2.27–3.37) 2.77 (2.17–3.39) 0.924‡

FT3 (pg/mL) 3.86 (2.87–4.62) 3.49 (2.74–4.38) 4.05 (3.04–4.72) 0.004‡*

FT4 (ng/dl) 15.48 (1.39–18.22) 14.08 (1.34–17.39) 16.14 (1.44–18.38) 0.038‡*

TSH (uIU/l) 2.00 (1.30–3.02) 2.15 (1.45–3.15) 1.90 (1.24–2.69) 0.099‡

FT3/TSH 1.93 (1.11–2.88) 1.66 (0.95–2.62) 2.07 (1.35–3.33) 0.016‡*

FT4/TSH 5.42 (0.85–10.10) 2.92 (0.71–8.14) 6.90 (1.19–11.37) 0.002‡*

MoCA 26 (24–28) 23 (21–24) 27 (26–28) <0.001‡*

DST 13 (10–13) 11 (9–12) 29 (29–30) <0.001‡*

VFT 16 (14–19) 14 (13–17) 17 (14–21) <0.001‡*

CDT 4 (3–4) 3 (2–4) 4 (3–4) <0.001‡*

TMTA 58 (48–75) 70 (55–84) 55 (45–65) <0.001‡*

TMTB 148 (114–200) 176 (141–234) 127 (100–168) <0.001‡*

AVLT-IR 18 (15–21) 16 (13–19) 19 (16–23) <0.001‡*

AVLT-DR 6 (4–7) 5 (3–6) 6 (5–9) <0.001‡*

LMT 10 (7–13) 8 (4–10) 12 (9–15) <0.001‡*

Notes: The data are presented as n (%), the mean ± SD, or the median (inter-quartile range) unless otherwise specified. †Student’s t-test was employed for normally distributed
variables. ‡The Mann–Whitney U-test was employed for asymmetrically distributed variables. §The Chi-square test was employed for categorical variables. *p<0.05.
Abbreviations: MCI, individuals with mild cognitive impairment; Non-MCI, individuals without mild cognitive impairment; BMI, body mass index; DM, diabetes mellitus;
HBP, high blood pressure; FPG, fasting plasma glucose; FCP, fasting C peptide; HOMA-IR, Homeostasis model assessment for insulin resistance; TG, triglycerides; TC, Total
cholesterol; LDL, low density lipoprotein cholesterol; HDL, high density lipoprotein cholesterol; FT3, Free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating
hormone; MoCA, Montreal Cognitive Assessment; DST, Digit Span Test; VFT, Verbal Fluency Test; CDT, Clock Drawing Test; TMTA, Trail Making Test-A; TMTB, Trail Making
Test-B; AVLT-IR, Auditory Verbal Learning test- immediate recall; AVLT-DR, Auditory Verbal Learning test-delayed recall; LMT, logical memory test.
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Correlation Between FT3 and Neuropsychological Test Scores
For the difference between FT3 levels in patients of MCI group and Non-MCI group (showed in the Table 1), the
correlation between neuropsychological test scores, such as MoCA, DST, VFT, CDT, TMTA, TMTB, AVLT-IR, AVLT-
DR and LMT, were analyzed by partial correlation after adjusted by age, gender, education levels, BMI, DM duration,
HBP duration and HbA1c. Not surprisingly, we found a positive correlation between FT3 and MoCA in overall
individuals (R= 0.145; P=0.023). In addition, we observed that DST, VFT and LMT scores are positively correlated
with FT3 levels (R= 0.137, 0.244 and 0.201; P=0.031, <0.001 and <0.001, respectively), while TMTB scores were
negatively associated with FT3 levels (R= - 0.134; P=0.035) (Table 3). Additionally, binary logistic regression analysis
showed that lower FT3 is a risk factor of cognitive impairment of T2DM patients independent from age, education, BMI,
DM duration, HBP duration smoking and HbA1c (OR = 1.352; P=0.027) (Supplementary Table 3).

Table 3 Association Between FT3 and Cognitive Function

Model 1 a Model 2 b

R P R P

MoCA 0.145 0.023* 0.092 0.152

DST 0.137 0.031* 0.117 0.067

VFT 0.244 <0.001* 0.229 <0.001*

CDT 0.092 0.149 0.066 0.299

TMTA 0.013 0.835 0.017 0.787

TMTB −0.134 0.035* −0.121 0.057

AVLT-IR 0.059 0.360 0.020 0.756

AVLT-DR −0.002 0.971 −0.025 0.695

LMT 0.201 <0.001* 0.166 0.009*

Notes: aAdjusted for age, education, DM duration, HBP duration and HbA1c. bAdjusted for age, education, DM
duration, HBP duration, HbA1c and HOMA-IR. *p<0.05.
Abbreviations: FT3, Free triiodothyronine; MoCA, Montreal Cognitive Assessment; DST, Digit Span Test; VFT,
Verbal Fluency Test; CDT, Clock Drawing Test; TMTA, Trail Making Test-A; TMTB, Trail Making Test-B; AVLT-IR,
Auditory Verbal Learning test- immediate recall; AVLT-DR, Auditory Verbal Learning test-delayed recall; LMT,
logical memory test; DM, diabetes mellitus; HBP, high blood pressure; HOMA-IR, Homeostasis model assessment
for insulin resistance.

Table 2 Binary Logistic Regression Analysis of Independent Risk Factor for MCI Risk

P OR 95% CL of OR

Lower Higher

Age 0.215 0.977 0.942 1.014

Education <0.001* 1.208 1.103 1.323

DM Duration 0.163 0.965 0.918 1.014

HBP Duration 0.041* 0.971 0.943 0.999

HbA1c 0.043* 0.886 0.788 0.996

HOMA-IR 0.038* 0.394 0.163 0.948

Note: *p<0.05.
Abbreviations: MCI, mild cognitive impairment; DM, diabetes mellitus; HBP, high blood pressure; HOMA-IR, Homeostasis model
assessment for insulin resistance.
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Correlation Between FT4 (FT3/TSH or FT4/TSH) and Cognitive Function
Although FT4 level as well as FT3/TSH and FT4/TSHvalues are higher in T2DMpatients withoutMCI than those withMCI, we
did not find the association between FT4 (FT3/TSH or FT4/TSH) and MoCA adjusted with age, education, BMI, DM duration,
HBP duration and HbA1c (R=0.098, 0.084, and 0.086; P=0.112, 0.184, and 0.117 respectively)) (Supplementary Tables 4–6).
Although FT4 (FT3/TSH or FT4/TSH) is not associated with HOMA-IR (R= - 0.090, - 0.087, and - 0.087; P=0.156, 0.172, and
0.170 respectively) (Supplementary Tables 7–9), partial correlation was performed adjusted by age, education, BMI, DM
duration, HBP duration, smoking, HbA1c and HOMA-IR. Indeed, there is no significant association between FT4 (FT3/TSH or
FT4/TSH) and MoCA adjusted by age, education, BMI, DM duration, HBP duration, HbA1c and HOMA-IR (R=0.077, 0.061,
and 0.065; P=0.223, 0.315, and 0.305 respectively) (Supplementary Tables 4–6).

FT3 is Associated with VFT and LMT
Although FT3 is not associated with MoCA in the partial correlation analysis adjusted with age, education, BMI, DM
duration, HBP duration, HbA1c and HOMA-IR (R=0.092; P=0.152), FT3 is positively associated with VFT and LMT
(R=0.229 and 0.166; P<0.001 and P=0.009, respectively) (Table 3). In addition, there is a significant association between
FT3 and VFT (or LMT) independent from age, education, BMI, DM duration, HBP duration, HbA1c and HOMA-IR
assessed by multiple linear regression (P<0.001 or P=0.009, respectively) (Table 4).

Discussion
It was estimated that in 2017 there are 451 million (age 18–99 years) people with diabetes worldwide. These figures were
expected to increase to 693 million by 2045.20 Among adults in China, the estimated overall prevalence of diabetes was
10.9%. With approximately 1.09 billion adults in total in mainland of China, it is projected large numbers of Chinese adults
had diabetes with hyperglycemia.21 So, we mainly explored the risk factors of MCI in patients with diabetes in this present
work. Additionally, THs are important for the development of the central nervous system (CNS) during perinatal growth, and
also influence the CNS of adults by promoting neurogenesis, myelination and cellular repair32 for the widely expressed
receptors of THs in the brain.33 Here, the associations between THs and MCI were investigated. To our best knowledge, this
present study showed an association between FT3 levels and cognitive function in T2DM patients without diagnosed thyroid
diseases. We demonstrated lower FT3 is an independent of MCI in T2DM patients as age, gender, education levels, BMI, DM
duration, HBP duration and HbA1c were entered as independent variables. Indeed, similar study demonstrated that low serum
concentration of FT3 is associated with increased risk of AD.19

Table 4 Multiple Linear Regression Analysis of the Factors Influencing VFT or LMT

VFT LMT

P 95% CL of β P 95% CL of β

Lower Higher Lower Higher

Age 0.306 −0.099 0.031 0.282 −0.114 0.033

Education <0.001* 0.243 0.540 0.007* 0.066 0.402

DM Duration 0.874 −0.096 0.081 0.498 −0.135 0.066

HBP Duration 0.853 −0.055 0.046 0.317 −0.087 0.028

HbA1c 0.004* −0.539 −0.106 0.778 −0.280 0.210

HOMA-IR 0.452 −2.115 0.945 0.016* −3.870 −0.405

FT3 <0.001* 0.408 1.302 0.009* 0.171 1.183

Note: *p<0.05.
Abbreviations: DM, diabetes mellitus; HBP, high blood pressure; HOMA-IR, Homeostasis model assessment for insulin resistance; FT3, Free triiodothyronine; VFT, Verbal
Fluency Test; LMT, logical memory test; BMI, body mass index.
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Although the pathogenesis of AD or MCI as results of T2DM is not totally explored, they shared the same
mechanisms, such insulin resistance (IR). Local IR in brain and global IR are common exist in T2DM patients, even
in AD individuals without T2DM owning to age.34 Some literatures insisted that IR may contribute to Aβ accumulation35

and cognition decline directly for cognitive impairment were observed in genetic36 or high fat diet37,38 induced animal
models with obesity and human clinical trials.34,39 In addition, associations between THs (including TSH, total T4, total
T3 and FT3) and IR were found,40–42 even in the reference range of THs.43 Moreover, another study showed the
regulation role of THs (including total T4, total T3 and FT3) involves in IR with an animal model.44 Some researchers
even demonstrated the direct effect of T4 or T3 on IR in a classic THs receptor-α gene knockout mice study45 and mice
models with T2DM,46 as well as a clinical trial by T3 withdrawal.47 Here, we confirmed the role of IR involved in
diabetic cognition decline by finding the association between HOMA-IR levels and MoCA scores in this work.
Moreover, elevated HOMA-IR is a risk factor of MCI in T2DM patients independent from age, gender, education levels,
BMI, DM duration, HBP duration and HbA1c. This result is consistent with the previous researches insisted the
association between IR and cognitive impairment by a myelin-sensitive neuroimaging technique.39 Above results
combined with previous studies investigated the role of FT3 and IR involved in cognition decline, however, the role
of FT3 in IR related cognition dysfunction remains need to be further explored. So, HOMA-IR was adjusted and entered
as an independent variable in the partial correlation or binary logistic regression analysis respectively. Interestingly, FT3
is not an independent risk factor as HOMA-IR was entered. Although the relationships among FT3, IR and MCI are
uncertain, we at least demonstrated the possibility of interactive effect FT3 and IR associated cognitive impairment in
T2DM patients.

Although FT3 levels are not related to MoCA scores adjusted with age, education, BMI, DM duration, HBP duration,
HbA1c and HOMA-IR, its levels are positively associated with VFT and LMT. This indicates the correlation between
FT3 and cognitive function cannot be completely offset by the adjustment by IR. Additionally, VFT is associated with
executive function, while LMT is related to scene memory.48 This demonstrated that FT3 is associated with executive
function and scene memory, in type 2 diabetes mellitus patients without diagnosed thyroid diseases. Similarly, basic
experiment showed that THs could play a neuroprotective role in CNS, especially in hippocampus or hippocampus
neurons.49 Li et al clarified the smaller volume of left presubiculum associated with worse executive function and atrophy
of the right CA1 related to memory in hippocampus or human with T2DM.50 Although Cappola et al suggest that slightly
lower thyroid function within the euthyroid range is associated with lower risk of multiple adverse events in older
people,9 this may be due to the fact that the study population is elder.

In this present work, all patients with the diagnostic criteria of T2DM and their FT3, FT4 and TSH levels are in the
normal reference ranges. Even in the reference ranges, FT3 levels are associated with executive function and scene
memory. In other words, lower FT3 levels may damage the cognitive function, especially for executive function and
scene memory in T2DM patients without diagnosed thyroid diseases. Although, we cannot propose a more appropriate
reference range due to the limited number of participants, we call for more probes to suitable reference range of THs in
the perspective of diabetic cognitive dysfunction owning to the elevated prevalence of T2DM.

In the part of the results, we showed the different age and education levels in T2DM patients with MCI from those
without MCI. Apart from this, we also found longer DM duration and HBP duration in those individuals with cognition
declines. In our previous study, we found higher HbA1c level, in T2DM patients with MCI than these without MCI.51,52

These factors may limit the accuracy of results as confounding factors for a cross-section study. So, in the later analysis,
these factors were corrected. Although FT3 is the most important active ingredient of THs, not only elevated FT3, but
also FT4, FT3/TSH and FT4/TSH were observed in T2DM patients with MCI than those without MCI in this study.
However, we did not find the significant association between FT4 (FT3/TSH or FT4/TSH) and MoCA in the partial
correlation analysis adjusted by age, gender, education levels, DM duration, HBP duration and HbA1c (and HOMA-IR).
Based on the above results, despite the essential role of FT4 and TSH may also involve in cognitive function, we focused
on the role of FT3 in this present study.

Limitations
Although FT3, FT4 and TSH are very important and measured in daily clinical work, the shortage of total T3, total T4

and thyroid specific antibody data may be party limited the meaning of this study. All patients without diagnosed thyroid
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diseases were selected. However, these patients with sick euthyroid syndrome did not be excluded in this present work
results from limited information were recorded. Additionally, as all data were collected from clinical records, IR was only
assessed by HOMA-IR. Moreover, due to the limitations of cross-sectional studies, further cohort studies are needed to
confirm the causal relationship between FT3 and diabetic cognition decline. The role of FT3 in MCI associated with IR
remains needs to be explored by basic experiments.

Conclusion
To the best of our knowledge, this is the first study focusing on the relationship between the FT3 and MCI associated with IR
in T2DM patients without diagnosed thyroid diseases. In this present work, we not only confirmed that FT3 is the risk factor
of cognition dysfunction, but also demonstrated that lower FT3 levels are involved in the progress of executive function and
scene memory impairment in T2DM patients without diagnosed thyroid diseases. Additionally, we highlighted the possibility
of interactive effect FT3 and IR associated cognitive impairment in T2DM patients. Last but not the least, we strongly call for
more probes to suitable reference ranges of THs in the perspective of diabetic cognitive dysfunction.
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