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Objectives. Melatonin is an essential neuroendocrine hormone that participates in the regulation of sleep rhythm and cognitive function.
)is study aimed to determine serummelatonin levels with mild cognitive impairment (MCI) in patients with type 2 diabetes (T2DM).
Methods. A total of 247 T2DM patients were recruited in this retrospective study and divided into 75 subjects with MCI and 172 with
normal cognition. Cognitive function was evaluated by theMontreal Cognitive Assessment (MoCA).)eir blood sample was examined
for the level of melatonin and other biochemical parameters. Results. Melatonin concentration was decreased in MCI patients to non-
MCI patients (P< 0.001). Melatonin level was negatively correlated with age (r� −0.202; P � 0.001), diabetes duration (r� −0.282;
P< 0.001), serum HbA1c (r� −0.195; P � 0.002), hs-CRP (r� −0.324; P< 0.001), and TSH (r� −0.184; P � 0.004) levels and positively
correlated with MoCA score, serum HDL-C (r� 0.145; P< 0.001), FT3 (r� 0.241; P< 0.001), and FT4 (r� 0.169; P � 0.008) levels. )e
multivariable analysis indicated that fewer years of formal education, longer diabetes duration, higher serum HbA1c, higher serum hs-
CRP, and lower serummelatonin are the predisposing factors forMCI. Conclusion. Lower melatonin level was associated with cognitive
impairment in patients with T2DM. Melatonin might serve as a potential protective molecule against cognitive dysfunction in T2DM.

1. Introduction

Diabetes mellitus (DM) is one common metabolic disorder
with high levels of blood glucose that is caused by insufficient
insulin secretion from β-cells (type 1 DM) or body resistance
to insulin (type 2 DM). Diabetes is amalgamated with an
increased risk of dementia and Alzheimer’s disease (AD) [1].
Mild cognitive impairment (MCI) is a transitional phase
between normal aging and dementia, with manifestations of
a gradual loss of memory and executive function [2]. In
diabetes-related cognitive impairment, there are several
structural changes in the central nervous system (CNS), such
as reduced hippocampal size and neurogenesis, brain tissue
atrophy, and abnormal neural electrical properties changes
[3–5]. )erefore, it is urgently needed to explore early di-
agnostic biomarkers for MCI in diabetic patients to retard
cognitive deterioration and decrease the incidence of de-
mentia in diabetes.

Melatonin is an indole neuroendocrine hormone that is
produced and secreted by the pineal gland. It mainly reg-
ulates the human body’s circadian biological rhythm and
keeps the normal “sleep -awakening cycle.” Melatonin can
regulate and affect the function of multiple organs, effec-
tively control the immune system’s function, and play an
antistress role [6]. Studies have shown the relationships
between melatonin and cognitive functions. Serum mela-
tonin levels were significantly declined in Alzheimer’s dis-
ease patients with cognitive impairment and older
postoperative delirium patients undergoing major abdom-
inal surgery [7, 8]. Besides, a potential role for melatonin in
the relationship between circadian regulation of insulin
secretion by the pancreatic islets and diabetes has been
suggested [9]. Serum melatonin levels were significantly
lower in patients of both type 1 and type 2 diabetes [10, 11].
)erefore, melatonin may be involved in the genesis of
diabetes as it induces a phase shift in insulin secretion. In
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contrast, dysregulation of circadian insulin secretion is an
essential feature of type 2 diabetes [12]. )us, melatonin has
been suggested as a therapeutic target for type 2 diabetes,
and this was further verified by the protective effects of
exogenous melatonin in diabetes-induced neurobehavioral
changes [13, 14]. )us, melatonin probably plays a previ-
ously unrecognized role in T2DM-related cognitive im-
pairment. However, it remains unclear about the
relationship between melatonin and cognitive function in
diabetic patients. )erefore, we hypothesized that melatonin
might influence the susceptibility to early cognitive dys-
function in T2DM patients.

)is study is aimed to explore the potential link between
serum melatonin levels and cognitive function in diabetic
patients.

2. Materials and Methods

2.1. Study Population. )is study was conducted in the
Department of Endocrinology of Shanghai Pudong New
District Gongli Hospital from January 2017 to December
2019. )e informed consent was obtained from participants
or nearest relatives, and the Research Ethics Committee
approved the study protocol of Gongli Hospital on No-
vember 22, 2016. A total of 247 hospitalized T2DM patients
were recruited in this study, with a diabetes history >3 years.
All diabetic patients were diagnosed according to the World
Health Organization 1999 [15]. Cognitive function criteria
were evaluated by the Montreal Cognitive Assessment
(MoCA), and MCI was diagnosed based on the measures
proposed by the MCI Working Group of the European
Consortium [16]. )e excluded subjects were as follows: (1)
Presence of diabetic complications, such as severe hypo-
glycemia, diabetic ketoacidosis, or diabetic coma. (2)
Presence of diseases with cognitive dysfunction, such as
stroke, head injury, dementia, Parkinson’s disease, epilepsy,
or other mental illnesses. (3) Major medical illness (severe
heart failure, cancer, anemia, and severe infection) or dif-
ficult communication conditions. (4) Use of cognition-
impairing drugs.

2.2. Critical Issues. Our study has raised the following un-
clear issues: the median age was significantly different be-
tween the studied groups (MCI around 62 years and without
MCI 56 years), and this could account for part of the dif-
ferences found in our results.

2.3. Clinical and Laboratory Data Collection. Demographic
and clinical data were collected as age, gender, education
years, medical history, body mass index (BMI), smoking,
and drinking. Fasting blood samples were collected in the
second morning after admission and were immediately
centrifuged to separate serum, frozen at −80°C until analysis.
Fasting blood was also collected from 150 healthy subjects
with matched age and gender and served as a control group.
Serum levels of fasting blood glucose (FBG), glycosylated
hemoglobin (HbA1c), triglyceride (TG), total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C),

high-density lipoprotein cholesterol (HDL-C), creatinine,
and high sensitivity C-reactive protein (hs-CRP) were
measured using routine laboratory methods. All samples
were analyzed in triplicate. Radioimmunoassay was applied
to measure serum FT3, FT4, and TSH levels.

2.4. Cognitive Function Assessment. )eMontreal Cognitive
Assessment (MoCA) is a compassionate tool to assess the
overall cognitive function and detect MCI. Total scores range
from 0 to 30, and lower scores indicate poor cognitive
function. In the present study, we applied theMoCA score to
evaluate all diabetic patients’ cognitive function. Diabetic
patients were divided into MCI (MoCA< 26) and non-MCI
groups (MoCA≥ 26).

2.5. Serum Melatonin Level. Blood samples were collected
from diabetic patients and healthy controls and were
centrifuged to separate serum. Serum melatonin level (Cat
No. ab213978; Abcam, UK) was determined by enzyme-
linked immunosorbent assay (ELISA) kits.

2.6. Statistical Analysis. Data were expressed as median
(interquartile range) for quantitative variables or number
(percentage) for categorical variables. All statistical analysis
was performed by SPSS Software version 20.0 (SPSS Inc.,
Chicago, Illinois, USA). )eMann–WhitneyU test analyzed
quantitative data, and categorical data were analyzed by χ2
test. Spearman correlation was performed to investigate the
correlations ofMoCA score or serummelatonin with clinical
indicators. Logistic multivariate regression was carried out
to determine the independent risk factors of cognitive im-
pairment. P< 0.05 was considered as the criteria of statistical
significance.

3. Results

3.1. General Description of T2DM Patients with and without
MCI. )e demographic and clinical parameters of diabetic
patients are presented in Table 1. )e χ2 test results showed
no significant differences between the MCI and non-MCI
groups about gender, smoking, drinking, and presence of
hypertension. Furthermore, the Mann–Whitney U test
showed that patients with MCI were older, less educated,
had higher BMI, longer duration of diabetes, higher serum
levels of HbA1c (%), TG, TC, LDL-C, hs-CRP, and TSH, and
lower level of HDL-C, FT3, and FT4 (Table 1). MoCA score
was significantly lower in the MCI group compared with the
non-MCI group. Lastly, no significant differences were
found between the groups in levels of fasting blood glucose
(FBG) and creatinine (P> 0.05).

3.2.eCorrelations ofMoCAScorewithClinical Indicators in
T2DM Patients. Spearman’s correlation analysis was ac-
complished to examine the associations of cognitive func-
tion with clinical indicators. )e MoCA scores were
negatively correlated with age (r� −0.202; P � 0.001), dia-
betes duration (r� −0.282; P< 0.001), HbA1c (r� −0.195;
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P � 0.002), TG (r� −0.137; P � 0.031), LDL-C (r� −0.132;
P � 0.038), hs-CRP (r� −0.324; P< 0.001), TSH (r� −0.184;
P � 0.004), whereas positively correlated with education
years (r� 0.150; P � 0.019), HDL-C (r� 0.145; P< 0.001),
FT3 (r� 0.241; P< 0.001) and FT4 (r� 0.169; P � 0.008)
(Table 2). No correlations of MoCA score with FBG, TC, or
creatinine were found (all P> 0.05).

3.3. Serum Melatonin Level and Risk of MCI. )e Man-
n–Whitney U test showed that the serum levels of melatonin
were significantly lower in T2DM patients [7.5 pg/mL (IQR
6.62–8.56] compared to healthy controls [12.04 pg/mL (IQR
11.65–12.43] (P< 0.001; Figure 1(a)). Among all T2DM pa-
tients, serum levels of melatonin were significantly lower in the
MCI group [6.66pg/mL (IQR 5.87–7.4] than in the non-MCI
group [7.73 pg/mL (IQR 7.1–8.8] (P< 0.001; Figure 1(b)).

3.4. e Correlations of Serum Melatonin Level with Other
Clinical Indicators in T2DM Patients. Spearman’s correla-
tion showed that serum melatonin levels were negatively
correlated with age (r� −0.159, P � 0.012), BMI, diabetes
duration, HbA1c, hs-CRP, whereas positively correlated
with HDL-C (Table 3). Furthermore, positive correlations
between serum melatonin level and MoCA test scores were
observed. )ere were no significant correlations of serum
melatonin with education year, FBG, TG, TC, LDL-C, or
creatinine (P> 0.05). Spearman’s correlation analysis was
also performed to explore the associations of serum mela-
tonin with thyroid hormone levels. )e serum melatonin
protein in diabetic patients correlated positively serum FT3
(r� 0.170, P � 0.008; Figure 2(a)) and FT4 (r� 0.172,

P � 0.007; Figure 2(b)), and correlated negatively with TSH
(r� −0.137) (P � 0.032; Figure 2(c)).

3.5. Logistic Regression Models. We performed multivariate
logistic regressions to evaluate the risk factors of MCI in
T2DM. )e results showed that the independent risk factors
associated with MCI in the T2DM patients included shorter

Table 1: Demographic and clinical characteristics of study population.

Variables Non-MCI (n� 172) MCI (n� 75) Z or χ2 P value
Age (year) 56.5 (53–64) 62 (56–67) −3.081 0.002
Male (n (%)) 93 (54.1%) 36 (48%) 0.771 0.380
Education (years) 12 (9–12) 9 (9–12) −3.333 0.001
BMI 25.8 (24.6–26.7) 26.4 (25.6–27.3) −2.423 0.015
Diabetes duration (years) 8.13 (7.55–8.72) 8.97 (8.28–9.74) −5.971 <0.001
Smoking 48 (27.9%) 27 (36%) 1.618 0.203
Drinking 38 (22.1%) 22 (29.3%) 1.489 0.222
Hypertension 68 (39.5%) 35 (46.7%) 1.093 0.296
FBG (mmol/L) 8.91 (8.64–9.15) 8.9 (8.67–9.16) −0.389 0.697
HbA1c (%) 9.45 (9.19–9.63) 9.59 (9.4–9.75) −3.551 <0.001
TG (mmol/L) 2.55 (2.21–2.85) 2.71 (2.42–2.98) −2.560 0.010
TC (mmol/L) 6.04 (5.78–6.35) 6.24 (5.88–6.49) −2.199 0.028
LDL-C (mmol/L) 3.53 (3.26–3.78) 3.76 (3.32–3.97) −2.699 0.007
HDL-C (mmol/L) 1.74 (1.54–2.03) 1.67 (1.46–1.82) −2.458 0.014
Creatinine (μmol/L) 79.1 (71.3–84.1) 80.2 (76–84.3) −1.560 0.119
Hs-CRP (ng/mL) 2.1 (1.77–2.42) 2.45 (2.15–2.64) −5.346 <0.001
FT3 (pmol/L) 4.24 (3.91–4.66) 3.97 (3.71–4.30) −2.577 <0.001
FT4 (pmol/L) 13.7 (12.9–14.9) 13.4 (12.2–14.4) −2.309 0.017
TSH (mIU/L) 2.73 (2.33–3.14) 2.96 (2.60–3.26) −3.193 0.001
MoCA 28 (27–29) 23 (22–24) −12.597 <0.001
Abbreviations: T2DM: type 2 diabetes; BMI: body mass index; FBG: fasting blood glucose; HbAlc: glycosylated hemoglobin; TG: triglyceride; TC: total
cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; hs-CRP: high sensitivity C-reactive protein; MoCA:
Montreal Cognitive Assessment. Data are expressed as medians and interquartile ranges (IQR) for quantitative variables and expressed as cases and
percentages for category variables. Mann–Whitney U test (Z), or χ2 test was used to test for significant differences. FT3: serum-free triiodothyronine; FT4:
serum-free thyroxine; TSH: thyroid stimulating hormone.

Table 2: )e correlations of MoCA score with clinical indicators in
T2DM patients.

MoCA
Variables r P value
Age (year) −0.202 0.001
Education (years) 0.150 0.019
BMI −0.100 0.117
Diabetes duration (years) −0.282 <0.001
FBG (mmol/L) −0.022 0.732
HbA1c (%) −0.195 0.002
TG (mmol/L) −0.137 0.031
TC (mmol/L) −0.081 0.207
LDL-C (mmol/L) −0.132 0.038
HDL-C (mmol/L) 0.145 0.022
Creatinine (μmol/L) −0.041 0.525
Hs-CRP (ng/mL) −0.324 <0.001
FT3 (pmol/L) 0.241 <0.001
FT4 (pmol/L) 0.169 0.008
TSH (mIU/L) −0.184 0.004
Abbreviations: MoCA: Montreal Cognitive Assessment; BMI: body mass
index; FBG: fasting blood glucose; HbAlc: glycosylated hemoglobin; TG:
triglyceride; TC: total cholesterol; LDL-C: low-density lipoprotein cho-
lesterol; HDL-C: high-density lipoprotein cholesterol; hs-CRP: high sen-
sitivity C-reactive protein. Spearman correlation was performed.

International Journal of Endocrinology 3



education year (OR� 0.746, 95% CI� 0.616–0.903;
P � 0.003), longer duration of T2DM (OR� 2.263, 95%
CI� 1.496–3.424; P< 0.001), higher levels of HbA1c
(OR� 3.641, 95% CI� 1.220–10.865; P � 0.0120), TG
(OR� 2.343, 95% CI� 1.008–5.443; P � 0.048), hs-CRP
(OR� 5.813, 95% CI� 2.074–16.295; P � 0.001), TSH
(OR� 2.968, 95% CI� 1.260–6.992; P � 0.013) and lower
level of FT3 (OR� 0.375, 95% CI� 0.169–0.835; P � 0.016)
and melatonin (OR� 0.427, 95% CI� 0.305–9.599;
P< 0.001) (all P< 0.05) (Table 4). )en receiver operating
characteristic (ROC) curve was plotted. )e optimal cut-off
value of serum melatonin level to diagnose the MCI was
7.475 pg/mL, which yielded the highest sensitivity (65.1%)
and specificity (80%; AUC� 0.775, 95% CI 0.712–0.838;

P< 0.001; Figure 3). Patients with high serum melatonin
(>7.475 pg/mL) had a higher risk of cognitive impairment
(Adjusted OR� 0.191; 95% CI� 0.084–0.431) (Table 5).

4. Discussion

We carried out a cross-sectional investigation in our study to
measure serum levels of melatonin and its association with
MCI in T2DM patients. Our main findings were as follows
(1) serum levels of melatonin were lower in T2DM patients
with MCI compared to patients without MCI; (2) serum
melatonin levels were negatively associated with age, BMI,
diabetes duration, HbA1c, and hs-CRP; (3) reduced levels of
melatonin were associated with an increased risk of MCI.
)ese findings suggest that reduced melatonin levels may be
related to the deterioration of cognition in diabetes.

In this study, low serum levels of melatonin were found in
patients with T2DM and diabetic patients with MCI. Con-
sistent with our findings, the serum levels of melatonin were
decreased in type 1 and type 2 diabetic patients compared to
healthy subjects [10, 11]. At the same time, another study
showed that low serum melatonin was associated with au-
tonomic neuropathy in type 2 diabetic patients and indicated
that the circadian rhythm of melatonin secretion is blunted in
type 2 diabetic patients [17]. Similarly, reducedmelatonin was
also associated with cognitive dysfunction in patients with
Alzheimer’s disease, schizophrenia, and even healthy older
people [7, 18, 19]. However, it remains unclear about the
association between serum melatonin and MCI in T2DM
patients.)is study showed that compared to diabetic patients
with normal cognitive function, patients with MCI had sig-
nificantly lower melatonin serum levels. Moreover, low
melatonin level is an independent contributor to MCI. Our
study provides serum melatonin as a biomarker of MCI, and
reduced serum melatonin levels may be associated with
cognitive deterioration.

Healthy controls Diabetic patients
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Figure 1: Serum levels of melatonin in diabetic patients with and without MCI. All data are expressed as medians and interquartile ranges
(IQR). Mann–Whitney U tests were performed to compare the differences between groups. MCI: mild cognitive impairment.

Table 3: )e correlations of serum melatonin level with other
clinical indicators and cognitive performances in T2DM patients.

Variables
Melatonin

r P value
Age (year) −0.159 0.012
Education (years) 0.075 0.237
BMI −0.140 0.027
Diabetes duration (years) −0.183 0.004
FBG (mmol/L) −0.072 0.260
HbA1c (%) −0.148 0.020
TG (mmol/L) −0.056 0.382
TC (mmol/L) −0.025 0.691
LDL-C (mmol/L) −0.106 0.097
HDL-C (mmol/L) 0.150 0.019
Creatinine (μmol/L) −0.075 0.239
Hs-CRP (ng/mL) −0.234 <0.001
MoCA 0.353 <0.001
Abbreviations: BMI: body mass index; FBG: fasting blood glucose; HbAlc:
glycosylated hemoglobin; TG: triglyceride; TC: total cholesterol; LDL-C:
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein
cholesterol; hs-CRP: high sensitivity C-reactive protein; MoCA: Montreal
Cognitive Assessment. Spearman correlation was performed.
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We observed a negative correlation of serum melatonin
level with serum HbA1c. )e diabetes duration and HbA1c
increased the risk of MCI in T2DM, and higher HbA1c was
associated with cognitive impairment and lower executive
function in older adults [20, 21]. )ese observations were
confirmed by this study that patients with MCI had longer
diabetes duration markedly and higher serum HbA1c levels
compared to patients without MCI. )e negative correlation
between serum melatonin and diabetes duration also sug-
gests that deregulation of melatonin secretion occurs in the
early phase of type 2 diabetes. )erefore, melatonin might
act as a molecule that retard the progression of MCI.
Whether serum melatonin is changed in the prediabetic
stage of T2DM is unclear and deserves further investigation.
Our study also showed a negative correlation between serum
melatonin level with age. Aging is an independent risk factor
and contributor to cognitive dysfunction, with a significantly
higher prevalence of MCI in subjects older than 70 years
[22]. Melatonin is also associated with aging, and serum
melatonin levels were gradually declined with aging [23]. As

an antiaging protein, melatonin ameliorates aging-induced
changes, including aging-induced cognitive impairment
[24]. )e autoregulation between aging and MCI in T2DM
under the condition of low serum melatonin is unclear and
deserves further study.

We have also investigated that serum melatonin levels
were negatively correlated with hs-CRP level. Diabetes is a
series of diseases whose pathological processes are associated
with chronic inflammatory responses. In fact, hyperglycemia
can activate one important inflammatory signal pathway
NFκB and result in diabetic complications, including dia-
betic neuropathy and cognitive impairment [25]. NFκB is
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Figure 2: Correlation of serum melatonin to thyroid hormone in diabetic patients. Serum melatonin levels are positively correlated with
(a) FT3 (r� 0.170, P � 0.008) and (b) FT4 (r� 0.172, P � 0.007) and are negatively correlated with (c) TSH (r� −0.137, P � 0.032). Spearman’s
rank correlation test was performed.

Table 4: Logistic multivariate regression evaluates the risk of MCI
in T2DM patients.

Variables β SE of β P value OR 95% CI
Education
(years) −0.293 0.098 0.003 0.746 0.616–0.903

Diabetes
duration (years) 0.817 0.211 <0.001 2.263 1.496–3.424

HbA1c (%) 1.292 0.558 0.020 3.641 1.220–10.865
TG (mmol/L) 0.851 0.430 0.048 2.343 1.008–5.443
Hs-CRP (ng/
mL) 1.760 0.526 0.001 5.813 2.074–16.295

FT3 (pmol/L) −0.980 0.408 0.016 0.375 0.169–0.835
TSH (mIU/L) 1.088 0.437 0.013 2.968 1.260–6.992
Melatonin (pg/
mL)∗ −0.851 0.172 <0.001 0.427 0.305–9.599

Abbreviations: β: regression coefficient; SE: standard error; OR: odds ratio;
CI: confidence interval for odds ratio; MCI: mild cognitive impairment;
HbAlc: glycosylated hemoglobin; hs-CRP: high sensitivity C-reactive
protein.

Melatonin cut-off = 7.475 pg/mL
AUC = 0.775
Sensitivity = 65.1%
Specificity = 80%
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Figure 3: Receiver operator characteristic (ROC) curve of serum
melatonin. )e ROC curve was plotted to determine the cut-off
point for serum melatonin that distinguishes the MCI and non-
MCI in diabetic patients. MCI: mild cognitive impairment.

Table 5: )e risk of cognitive impairment in T2DM patients with
high serum melatonin.

Variable OR (95% CI) Adjusted OR (95% CI)
Serum melatonin 0.170 (0.069–0.423) 0.191 (0.084–0.431)
Abbreviations: OR: odds ratio; CI: confidence interval for odds ratio.
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involved in pathological brain inflammation and is associ-
ated with the expression of proinflammatory cytokines [26].
)ese proinflammatorymarkers are elevated in patients with
type 2 DM, including C-reactive protein [27], neutrophil/
lymphocyte ratio [28], platelet/lymphocyte ratio [29], uric
acid/HDL ratio [30], and mean platelet volume [31]. Our
study showed hs-CRP was higher in MCI diabetics com-
pared to non-MCI diabetics. )is indicates that serum hs-
CRP is not merely a marker of inflammation of diabetes but
also is associated with diabetic cognitive impairment [32].
Moreover, serum hs-CRP was negatively correlated with
melatonin levels. Our data suggest that melatonin may have
some function in decreasing inflammatory burden in type 2
DM. )is observation is also consistent with previous in-
vestigations that melatonin supplementation significantly
decreased serum levels of inflammatory mediators, in-
cluding TNF-α and IL-6 [33]. )is indicates melatonin is an
anti-inflammatory protein and can potentially combat
systematic inflammatory response in diabetes [34]. An ex-
perimental study showed that melatonin administration
effectively prevented mild inflammation in high-fat diet-
induced metabolic syndrome (MS) rats [35]. )rough in-
hibition of neuroinflammation, melatonin can attenuate
cognitive impairment induced by various pathological
conditions [36, 37]. Besides, the anti-inflammatory action of
melatonin might be associated with its antiobesity effect. In
high-fat diet-induced mice, melatonin supplementation
decreased the gene expression of inflammation-related
factors and prevented mass body gain [38]. Our results
support that serummelatonin showed a negative correlation
with the BMI of diabetic patients. )us, melatonin can serve
as a potential therapeutic agent to improve MCI through
attenuation of inflammatory responses [39].

We showed the associations of serum melatonin with
thyroid hormone levels in diabetic patients. )yroid hor-
mone level is closely related to the occurrence of T2DM. It
affects the proliferation of pancreatic beta cells and insulin
secretion and changes the sensitivity of liver and adipose
tissue to insulin, and has the effect of increasing blood
glucose. T2DM patients showed a significantly higher
prevalence of thyroid dysfunction and serum TSH and T3
levels [40]. Furthermore, thyroid hormone is associated
with psychiatric symptoms and cognitive impairment. T3 is
the active form of thyroid hormone and could regulate
neural stem cell function in the hippocampus and involve
the adult mammalian brain’s neurogenesis [41]. Primary
hypothyroidism is a hypometabolic syndrome caused by
thyroid diseases. Adult-onset hypothyroidism may cause
cognitive impairment in memory, reaction ability, atten-
tion, and executive function [42]. When thyroid hormone
changes in the normal range, it has a particular impact on
cognitive function. For instance, even in subjects with
normal thyroid function, the thyroid hormone FT4 level
was positively correlated with cognitive function [43].
However, it remains unclear about the relationship be-
tween thyroid hormone and cognitive impairment of di-
abetes. An experimental study showed that thyroid
hormone T3 treatment showed neuroprotective function in
diabetic rats by reducing tau proteins’ accumulation and

activation of the neurodegenerative pathway in the hip-
pocampus [44]. )ese results are consistent with our
findings that diabetic patients with cognitive impairment
showed lower serum FT3 and FT4 than patients with
normal cognition. )erefore, our study adds thyroid
hormone as a biomarker for cognitive impairment in di-
abetic patients. Whether changes in thyroid hormone in the
early phase of diabetes indicate later cognitive impairment
is an interesting question with important clinical signifi-
cance and deserves further longitudinal study.

)e positive correlations of melatonin with FT3 and
FT4 indicate that thyroid hormone might mediate mela-
tonin’s protection on cognitive impairment of diabetes.
Melatonin has been found to have a promotive effect on
thyroid hormone production. Melatonin treatment alone
or combined with TSH increased the production of thy-
roid T4 in rats [45]. )ough melatonin is primarily se-
creted by the pineal gland, and thyroid C-cells can also
synthesize it to modulate thyroid activity through a
paracrine way [46]. )us, melatonin can be used as a
potential hormone against hypothyroidism, and exoge-
nous melatonin administration could attenuate the signs
of hypothyroidism and increase the serum T3 and T4
levels [47]. Moreover, melatonin might also be involved in
the process of cognitive impairment of hypothyroidism, as
melatonin treatment reversed the decline in serum thyroid
hormone and reduced the neural apoptosis in newborn
rats induced by maternal hypothyroidism [48]. Whether
thyroid hormone involves melatonin’s protective effect on
diabetic cognitive impairment is unclear and deserves
further investigation.

)ere were several limitations to this study. Firstly, as we
applied theMoCA as the only assessment tool to evaluate the
participants’ cognitive cognition, the more cognitive score
should be used to obtain more accurate results. Secondly, the
relationships between melatonin and cognitive function
were studied among a T2DM population. A more detailed
study should be carried out in T2DM patients with MCI and
no MCI. )irdly, this is a cross-sectional study, and a
longitudinal investigation is required to study the change of
melatonin in the early phase of type 2 diabetes.

In conclusion, melatonin concentration is decreased in
the MCI diabetic patients and is positively associated with
cognitive function and negatively correlated with age, BMI,
diabetes duration, HbA1c, and hs-CRP. )e serum mela-
tonin level might be a biomarker of cognitive function and
become a strong predictor of MCI in patients with type 2
diabetes mellitus.
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