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Abstract

Objective This study investigated the association of Time In Range (TIR) obtained from Blood Glucose Monitoring
(BGM) with Cognitive Impairment (Cl) inpatients with middle-aged Type 2 Diabetes Mellitus (T2DM) and further
explored whether a TIR goal for T2DM in adults with >70% possess a protective effect on cognitive function.

Research design and methods A total of 274 inpatients with T2DM aged 40-64 years, who underwent seven-
point BGM ( pre meals and 120 min post meals and at bedtime) were recruited in this cross-sectional study. TIR was
defined as the percentage of blood glucose within the target range of 3.9-10.0mmol/L. Subjects were divided into
Normal Cognitive Function (NCF) (n=160) and Cl (n=114) groups according to the results of the Montreal Cognitive
Assessment (MoCA) and Mini-Mental State Examination (MMSE). The association of TIR and other glycemic metrics,
calculated from seven-point BGM data, with cognitive dysfunction was analyzed.

Results The prevalence of Cl was 41.6% in patients with middle-aged T2DM (median age 58 years). TIR was lower in
Cl group than in NCF group (28.6% vs. 42.9%, P=0.004). The prevalence of Cl decreased with ascending tertiles of TIR
(p for trend < 0.05). Binary logistic regression analysis showed a significant association between TIR and Cl (odds ratio
[OR]=0.84, p<0.001) after adjusting for confounders (age, education, marital status, age at Diabetes Mellitus (DM)
onset, cerebrovascular disease). Further adjustment of Standard Deviation (SD)(OR=0.84, p=0.001) or Coefficient
of Variation (CV)(OR=0.83, p <0.001), TIR was still associated with Cl. While a TIR goal of >70% probably possessed
independent protective effect on cognitive function (OR=0.25, p=0.001) after controlling for confounders above.

Conclusions TIR obtained from BGM was related to Cl in middle-aged T2DM individuals and a TIR goal of >70%
probably possessed a protective effect on cognitive function for middle-aged T2DM .

Keywords Time in range (TIR), Cognitive impairment (Cl), Type 2 diabetes mellitus (T2DM), Blood glucose monitoring
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Introduction

Cognitive Impairment (CI) is one of the main complica-
tions of DM. It primarily manifests as cognitive decline
in memory, language, execution, attention and other cog-
nitive domains [1]. Prior studies have shown that diabe-
tes patients, especially those of middle-aged, have higher
risk of cognitive decline than those without diabetes [2,
3]. The detection of cognitive dysfunction in diabetes
patients is important, as CI can hinder effective diabetes
management, and poorly managed diabetes can exac-
erbate cognitive decline [4]. Hemoglobin Alc (HbAlc)
and Time In Range (TIR) are two important indicators
in current blood glucose control. Most previous stud-
ies have focused on the effect of HbAlc, a measure of
average blood glucose level on cognitive function, while
little attention has been paid to TIR, which refers to the
time an individual spends within their target glucose
range (typically 3.9-10.0 mmol/L). Persistent hypergly-
cemia [5-8]and severe hypoglycemia [9-12]in patients
with diabetes could both cause progressive damage to
the brain, affect cognitive function and contribute to the
occurrence of CI and dementia.

Currently, HbAlc is not only recognized as the gold
standard for assessing glycemic management, but also
a predictor of long-term diabetic complications [13,
14]. In previous studies, HbAlc has been linked to dia-
betic CI [2, 15, 16]. Higher HbAlc was associated with
higher incidence of dementia in diabetes, while poor
glycemic control was associated with worse cognitive
outcomes [5]. However, HbAlc cannot provide informa-
tion of hypoglycemia. Daily patterns of glycemia or gly-
cemic variability may be relevant for cognitive function.
Prior studies have shown that glucose fluctuation and CI
are significantly correlated [17, 18]. Thus, we should pay
more attention to the association between risk factors
correlated to blood glucose fluctuations and cognitive
dysfunction.

TIR can be used to determine whether the frequency
and duration of hypoglycemia and hyperglycemia are
improving over time. As an important metric to classify
glycemic management [19], TIR can be calculated by
BGM or Continuous Glucose Monitoring (CGM) [20].
TIR is correlated well with HbAlc in most studies [21—
26], with a TIR of 70% aligning with an HbA1c of around
7% (26, 27]. While HbA1c remains the primary predictor,
there is suggestive evidence from several recent studies
showing correlations of TIR with diabetes complications.
A cross-sectional study showed TIR assessed by CGM
was associated with varying degrees of diabetes retinopa-
thy in Type 2 Diabetes Mellitus (T2DM) [28]. Another
analysis of the 7-point BGM data from the Diabetes Con-
trol and Complications Trial ( DCCT ) indicated that
reduced TIR was associated with risk of development of
retinopathy and micro-albuminuria in Type 1 Diabetes

Page 2 of 9

Mellitus(T1DM) [29]. Other studies have also found TIR
to be related with Diabetic Peripheral Neuropathy (DPN)
[30], diabetic foot [31, 32]and carotid intima-thickness
[33]. However, no study on TIR and CI has been mea-
sured thus far. Based on this, the purpose of this study
was to investigate the association between TIR and CI
among middle-aged T2DM.

Research design and methods

Inclusion and exclusion criteria

A total of 274 inpatients with T2DM were consecu-
tively recruited at the Department of Endocrinology
and Metabolism of the Tianjin Union Medical Center
from July 2018 to September 2021. T2DM was diag-
nosed according to the 2013 American Diabetes Asso-
ciation criteria [34]. Inclusion criterion: (1) Age 40-64
years, presence of T2DM; (2) Capability to complete
neuropsychological tests independently; (3) Seven-point
BGM (at least 6 points included) completed within
72 h of admission. Exclusion criterion: (1) Inability to
complete neuropsychological tests due to communica-
tion difficulties, physical disability, severe limitation of
movement, severe vision, hearing, reading, language
impairment or any other reasons (2) such as, Anemia
(hemoglobin[Hb] <90 g/L), cachexia, liver insufficiency
(ALanine Transaminase [ALT]>120U/L), renal insuf-
ficiency (creatinine[Cr]>265umol/L), severe cardio-
pulmonary insufficiency, thyroid dysfunction or severe
infection (3) Parkinson’s disease, epilepsy, brain trauma,
encephalitis, brain tumor, schizophrenia, severe depres-
sion, diagnosed dementia, alcohol or drug addiction
and long-term use of drugs affecting cognitive function.
The study protocol was approved by the Medical Ethics
Committee of Tianjin Union Medical Center in accor-
dance with the principles of the Declaration of Helsinki.
Participants were informed about the study objectives
and examination procedures in detailed and were asked
to sign an informed consent form before participating in
this study.Written informed consent was obtained from
the individuals for the publication of any potentially iden-
tifiable images or data included in this article.

Clinical and biochemical Data

The participants completed a face-to-face survey ques-
tionnaire about their demographic characteristics, which
included gender, age, ethnicity, marital status, education
level, sedentary lifestyle, diabetic diet control, age at DM
onset, use anti diabetes agents (insulin, insulin secre-
tagogues). The prior history of diseases was provided
through self-report and medical records, including dia-
betic microangiopathy (which includes diabetic nephrop-
athy and/or diabetic retinopathy), hypoglycemia episode
in last three months, CerebroVascular Disease (CVD,
including hemorrhagic and/or ischemic strokes) and
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hypertension (defined as a blood pressure >140/90mmHg
or the use of antihypertensive medications).

Venous blood was drawn in the early morning and
samples were analyzed by the central laboratory within
the hospital for the following indicators: White Blood
Cell (WBC) count, neutrophil count, lymphocyte count,
Red Blood Cell (RBC) count, Hb (BC-6800, Mindray,
China), ALT, Cr, Triglycerides (TG), Total Cholesterol
(TC), High-Density Lipoprotein Cholesterol (HDL-C),
Low-Density Lipoprotein Cholesterol (LDL-C), Thyroid
Stimulating Hormone (TSH) were tested by an automatic
biochemical analyzer (TBA-120FR, Toshiba, Japan),
while hemoglobin Alc (HbAlc) was analyzed using a
fully automated Glycohemoglobin analyzer based on
HPLC (high-performance liquid chromatography) (HA-
8180, ARKRAY, Japan). In our study, HbAlc measure-
ments were conducted in accordance with the Diabetes
Control and Complications Trial(DCCT) standardization
protocol, and the detection system we used has been cer-
tified by the National Glycohemoglobin Standardization
Program(NGSP).

Glycemic metrics

Subjects performed seven-point daily fingerstick capil-
lary glucose values were determined(pre meals, 120 min
post meals and at bedtime) with the Glupadblood glucose
meter (GlupadPlus878, Sinomedisite, Beijing, China)
within 72 h of admission. TIR was computed by calcu-
lating the percentage of the seven-point profile samples
that were 3.9-10.0mmol/L. In addition, the following glu-
cose metrics were similarly computed. Time above Target
Glucose Range (TAR) was assessed as the percentage of
the seven-point profile samples that were >10.0mmol/L.
Glycemic Variability (GV) metrics included Standard
Deviation (SD) and Coefficient of Variation (CV). SD
was equal to the standard deviation of the seven-point
profile samples. CV was obtained by dividing the SD by
the arithmetic mean of the seven-point profile samples.
All participants were required to maintain their original
therapy regimen and original diet regimen during BGM
period.

Screening evaluation for cognitive impairment

Several feasible scales were available to screen for CI,
such as the Mini Mental State Examination (MMSE) and
the Montreal Cognitive Assessment (MoCA). MMSE
was widely used to screen for dementia. The score was
bounded by 23/24 (score considered “positive” / “nega-
tive”) for dementia. MoCA was a valid screening method
for Mild Cognitive Impairment (MCI). The score was
bounded by 25/26 for MCL If the subjects had less than
12 years of education, 1 point was added to the total
MoCA score. The sensitivity of MoCA for MCI screening
was higher than MMSE, while the specificity of MMSE
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for dementia diagnosis was better. So we used neuropsy-
chological scales above to screen for CI in the present
study. The grouping situation of this study was as fol-
lows: NCF group: MMSE >24 and MoCA =26, CI group:
MMSE =224 and MOCA <26 (Fig. 1).

Statistical analysis

Mean*SD or the median with InterQuartile Range (IQR)
[M (P25, P75)] were used to present continuous vari-
ables, while categorical variables were presented as num-
bers (percentages). Tests for significance were conducted
using Student’s t-test or non-parametric Mann-Whitney
U test for continuous variables and Chi-square test for
categorical variables. The association between TIR, TAR
and HbA1c was ascertained by using the Spearman cor-
relation coefficient. Binary logistic regression analy-
sis was used to evaluate the independent association of
TIR with CI and whether a TIR goal of >70% for T2DM
adults possessed a protective effect on cognitive func-
tion. All statistical analyses were performed with SPSS
software (version 26.0; IBM, Armonk, New York, USA).
Significant differences were observed when p <0.05 using
a two-tailed test.

Results

Characteristics of the study subjects

Among 274 participants,114(41.6%) subjects suffered
from CI. The characteristics of the participants are
shown in Table 1. Compared with individuals in the NCF
group, the proportion of participants with CVD (31.0%
vs. 11.9%) was significantly higher in the CI group, while
the education years (9.0 vs. 12.0) and the proportion of
participants who were married (84.2% vs. 96.9%) were
significantly lower in the CI group (Table 1).

Comparison of TIR and other glycemic metrics between
different cognitive status

Compared with the NCF group, TIR was significantly
lower and TAR was higher in the CI group (Table 2).
There were no significant differences between the two
groups in HbAlc and the GV measures including SD
and CV. According to recommendations of the interna-
tional consensus established by Advanced Technologies
& Treatments for Diabetes (ATTD), a goal for non-preg-
nant T2DM adults was time in range (TIR) of >70% [19].
Patients with TIR>70% in the NCF group were signifi-
cantly higher than those in the CI group (20.6%vs.9.6%)
(Table 2) .

Spearman correlation analysis revealed that TIR was
negatively correlated with HbAlc (r = -0.450, p<0.001),
while TAR was positively correlated with HbAlc
(r=0.456, p<0.001). The correlation of TIR with TAR was
—0.996 (p<0.001).
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Excluded patients information

T2DM inpatients (40-64 years)
(n=567)

(1)T1DM and prediabetes (n=7)
(2)Anemia (Hb<90g/L) (n=6)

)
(3)Hypohepatia (ALT>120U/L) (n=2)
(4)Thyroid dysfunction ( n=2)
(5)Epilepsy and PD (n=7)

7-point SMBG
(n=543)

(6)Unavailable 7-point SMBG (n=194)
(7)patient whose blood glucose were
measured <6 times per day( n=56)

MMSE screening
(n=293)

(8)Unable to complete neuropsychological
scale screening (n=15)
(9)Suspicious dementia (MMSE<24)(n=4)

MMSE scores > 24
(n=274)

MOCA screening
(n=274)

:

.

MOCA scores> 26
Normal Cognition Function ( NCF)
(n=160)

MOCA scores < 26
Cognitive Impairment (Cl )

(n=114)

Fig. 1 Flow chart for screening subjects with inclusion and exclusion criteria

Association of TIR with Cl in patients with T2DM

Binary logistic regression analysis was utilized to identify
the association of TIR with CI in patients with T2DM.
The dependent variable was coexisting CI. Four vari-
ables with P<0.1 in univariate analysis (age, education
level, marital status, CVD) and one variable that has been
documented to be closely associated with CI (age at DM
onset) [35]were introduced into the multivariate regres-
sion analysis as confounders. Table 3 showed the signifi-
cant association between TIR and CI (OR=0.84, p<0.001)
after adjusting for confounders above. Further adjust-
ment of SD (OR=0.84, p<0.001) and CV (OR=0.83,
p<0.001), TIR was still associated with CI. The results
showed that the effect of TIR on cognitive dysfunction

was GV-independent. Next, the participants were strati-
fied according to tertiles of TIR (tertile 1 [T1]:<17%; ter-
tile 2 [T2]:17-50%; tertile 3 [T3]:>50%). Figure 2 showed
the prevalence of CI decreased with ascending tertiles
of TIR (p for trend<0.05). It was found that the highest
TIR tertile had an independent association with CI in
comparison to the lowest tertile when included as a cat-
egorical variable in the binary logistic regression model
(OR=0.32, p=0.001) (Table 4). Even after controlling for
SD or CV, the statistical significance of the link between
CI and TIR as a categorical variable remained.
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Table 1 Baseline characteristics of participants by cognition
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Table 2 Comparison of TIR and other glycemic metrics between

status different cognitive status
Variables All subjects CI NCF P Variables  All subjects  Cl NCF P
(n=274) (n=114) (n=160) value (n=274) (n=114) (n=160) value
Male 124 (45.3%) 53 (46.5%) 71 (44.4%) 0.729 TIR(%) 333(14.3,57.1) 286(143,50.0) 429(14.3,66.7) 0.004
Age (years) 580 58.0 57.0 0.092 TAR(%) 66.7 (42.9,85.7) 714(482,85.7) 57.1(33.3,85.1) 0.008
(54.0,62.0) (55.0,62.0) (54.061.0) SD(mmol/L)  2.83(2.10,3.63) 2.94(2.14,3.73) 2.80(2.08,3.59) 0.199
40-44(years) 8(2.9%) 1(0.9%) 7 (4.4%) CV(%) 23.1(187,29.2) 229 (184 29.3) 233(188,29.2) 0.841
45-59(years) 150 (54.7%) 58 (50.9%) 92 (57.5%) HbAIC(%) 90(7.8,108)  88(77,106)  92(79,109 029%
60-64(years) 116(42.3%) 55(482%) 61 (38.1%) TIR>70%  44(16.1%) (9.6%) 33 (20.6%) 0.015
Education(years) 120 90(90,120) 120 0.014 TIR, time in range (3.9-10mmol/L); TAR, time above range (>10.0mmol/L);
(9.0,12.0) (9.0,12.0) SD, standard deviation of blood glucose; CV, coefficient of variation; HbA1c,
AgeatDMonset 520 530 50.5 0238 hemoglobin ATc
(years) (45.0,57.0) (46.0,57.5) (44.0,56.0)
Ethnic Han 244(89.1%) 104 (91.2%) 140 (87.5%) 0330 Association of other glycemic metrics with Clin patients
Married 251 (91.6%) 96 (84.2%) 155(96.9%) <0.001 with T2DM
Sedentary 66 (24.2%)  25(21.9%)  41(258%) 0463 Table 3 depicted significant association existed between
Ilf.estylle ) . , , TAR and CI after adjusting for age, education level, mari-
E;?:re:;c diet 163 (59.79%) 64 (56.1%) 99 (62.3%) 0309 tal status, CVD and age at DM onset. The adjusted odds
Use antidiabetic ratio of CI was increased by 18% (p=0.001) for each 10%
agents points higher TAR. Further adjustment of SD (OR=1.17,
Insulin 135 (493%) 60 (526%) 75(469%) 0347  p=0.002) and CV (OR=1.19, p=0.001), TAR was still
Insulin 121 (442%) 51 (447%) 70 (43.8%) 0.871 associated with CI. The prevalence of CI increased with
secretagogues ascending tertiles of TAR (p for trend <0.05) and higher
Hypoglycemic 59(21.9%) 28(25.0%) 31 (19.7%) 0.305 TAR was associated with increased risk for CI (Supple-
eventsin last 3 mentary Fig. 1, Supplementary Table 1). There was no
m'onth's association of HbAlc with the risk of CI in our study
Diabetic 126 (462%) 56 (496%)  70(438%)  0.103 (0.05 in all models) (Table 3).
microangiopathy
VD 54(198%) 35(310%) 19(119%)  <0.001 . i o . )
Hypertension 73 (63, 4%) 71 (62.8%) 02 (63. 7%> 0876 Protective effects on cognitive function in patients with
WBC(10%/L) 9(5.1,72) 58(5.1,7.2) 9(5.1,7.1) 0813 T2DM
NLR 70 3 22) 160321 1704 22) 0412 According to recommendations of the international
RBC(102/L) 45(42.48) 45(41,48) 454248 0908 consensus, a goal for non-pregnant T1DM and T2DM
Hb(g/L) 13504149 13634151 1357+148 0753 adults was TIR>70%. Therefore, using TIR as a marker
ALT(U/L) 209(142, 314(181, 343218, 0.181 of glucose management, binary logistic regression anal-
34.2) 53.6) 52.9) ysis was performed to examine the effect of achieving
Cr(pmol/L) 550468, 630(560,  640(530, 0358 the TIR goal on CI. The data indicated that significant
63.0) 67.7) 73.7) association existed between a TIR goal of >70% and CI
TC(mmol/L) 50(43,56) 56(50,64) 57(50,65) 0600 (OR=0.25, p=0.001) after adjusting for age, education
TG(mmol/L) 1702, 260645 250745 0953 level, marital status, CVD, age at DM onset (Table 5).
248) Further adjustment of SD (OR=0.25, p=0.002) and CV
LDL-C(mmol/L)  28(25,34) 34(29,39) , 03)43 @9, 081 (OR=0.25, p=0.001), TIR>70% was still associated with
HDL-Cmmol/L) ~ 12(11,14) 14(12,16) 14(12,16) 0424 CL The results Showed. that a TIR goal gf >70% p‘rob?-
TSH(uIU/mL) 28(19,44) 28(18,45 28(20.42) 0839 bly possessed a protective effect on cognitive function in

The measurement data are shown as meanzxstandard deviation (SD) or
median and interquartile range [P25, P75], depending on the normality of
data distribution. Categorical data are presented as the number of cases
(percentage) [n (%)]. P<0.05 was regarded as a significant difference

Cl, cognitive impairment; NCF, normal cognitive function; CVD, cerebrovascular
disease; WBC, white blood cell count; NLR, neutrophil count to lymphocyte
ratio; RBC, red blood cell count; Hb, hemoglobin; ALT, alanine aminotransferase;
Cr, serum creatinine; TC, total cholesterol; TG, triglyceride; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TSH,
thyroid stimulating hormone

patients with T2DM.

Discussion

To the best of our knowledge, this is the first study that
investigates the association between TIR obtained from
BGM and CI in T2DM patients. Among 274 inpatients
with T2DM (median age 58 years), the prevalence of CI
was 41.6%. TIR, obtained from seven-point BGM, was
lower in CI group than in NCF group. When the tertiles
of TIR were used to stratify the patients, the prevalence
of CI decreased with ascending tertiles of TIR. TIR was
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Table 3 Association of TIR and other glycemic metrics with cognitive impairment in patients with T2DM

OR per increase of Unadjusted Model 1 Model 2 Model 3 Model 4
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
TR 10% 0.88 (0.81-0.96)" 0.85 (0.77-0.93)* 0.84 (0.76-0.92)* 0.84 (0.76-0.93)* 0.83(0.75-0.92)*
TAR 10% 1.12(1.03-1.22)* 1.16 (1.06-1.28)* 118 (1.07-1.29)* 1.17 (1.06-1.29)* 1.19(1.08-1.31)"
HbA1c 1% 0.93(0.82-1.05) 0.95 (0.84-1.08) 0.95 (0.84-1.09) 0.92 (0.80-1.06) 0.95 (0.84-1.09)

TIR, time in range; TAR, time above range; HbA1c, hemoglobin Alc

2Model 1: adjusted for age, education, marital status; Model 2: Model 1+age at DM onset and cerebrovascular disease (CVD). Model 3 :Model 2+ SD. Model 4:Model

2+CV

*ORs and P values were estimated for each 10% increase in TIR (0-100%) and TAR (0-100%), and each 1% increase in HbA1c.OR: odds ratio, 95% Cl: 95% confidence

interval

*p value<0.05, *p value<0.01

P for trend<0.05
Tl  (£16.7%)

60.0% |
T2  (16.7%-50%)

50.5% T3 pso)
50.0%

39.5%
40.0%

Prevalence

32.1%

30.0%

20.0%

10.0%

0.0%
TIR

Fig. 2 Prevalence of cognitive impairment as a function of TIR tertiles

significantly associated with CI after adjusting for con-
founders (age, education, marital status, age at DM
onset and CVD). Further adjustment for SD or CV, TIR
was still associated with CI. While a TIR goal for T2DM
adults of >70% probably possessed protective effect on
cognitive function. Among other glycemic metrics, TAR
was independently correlated to CI, and higher TAR was
correlated with increased risk for CI. There was no asso-
ciation of HbA1c with the risk of CI in our study.

At present, HbAlc is widely recognized as the gold
standard for evaluating glycemic management, and is
associated with long-term complications in diabetic
patients, including CI. However, current findings on the
relationship between HbA1lc and cognitive function were
inconsistent. In the English longitudinal study of aging
comprising 5189 participants (mean age 65.6+9.4 years),
22.9% (1190) of whom were prediabetes and 8.6% (446)
of whom were diabetic. After followed up 8.1(2.8) years,
there was an association between HbAlc levels and cog-
nitive decline [16]. A cross-sectional study (#=1109)
in elderly T2DM in China showed that HbAlc was the
risk factor for MCI after adjusting for age, gender and

Table 4 Association between tertiles of TIR and cognitive impairment

Tertiles of TIR No. unadjusted Model 1 Model 2 Model 3 Model 4

OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
T 17%) 107 1.00 (ref) 1.00(ref) 1.00(ref) 1.00(ref) 1.00(ref)
T2(17-50%) 86 0.64(0.36-1.14) 061(0.33-1.11) 0.59(0.32-1.10) 0.59(0.32-1.11) 0.52(0.27-1.01)
T3(> 50%) 81 0.46(0.25-0.85)" 0.34(0.18-0.66)" 0.32(0.16-0.62)" 0.33(0.17-0.67)" 0.29(0.14-0.58)"
P for trend 0011 0.001 0.001 0.002 <0001

2Model 1: adjusted for age, education, marital status; Model 2: Model 1+age at DM onset and cerebrovascular disease (CVD). Model 3: Model 2+SD. Model 4: Model

2+CV
b P values for linear trends were calculated using the median value of tertiles of TIR
*p value<0.05,’p value<0.01

Table 5 Protective effect on cognitive function for TIR in T2DM adults

Unadjusted Model 1 Model 2 Model 3 Model 4

OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
TIR(< 70%) 1.00(ref) 1.00(ref) 1.00(ref) 1.00(ref) 1.00(ref)
TIR(>70%) 0.41(0.20-0.85) 0.31(0.14-0.69) 0.25(0.11-0.57) 0.25(0.10-0.60) 0.25(0.11-0.57)

#Model 1: adjusted for age, education, marital status; Model 2: Model 1+age at DM onset and cerebrovascular disease(CVD). Model 3: Model 2+SD. Model 4:Model

2+CV

bP value<0.01 for each model
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educational level [36]. In contrast, no association of
HbA1lc with the risk of CI was found when HbAlc was
considered as a continuous variable in a meta-analysis of
144 prospective studies [37]. And HbAlc wasn’t a predic-
tion of 10 year dementia risk in individuals with T2DM
patients in a diabetes and aging study [38]. No associa-
tion of HbA1c with the risk of CI was found when HbA1lc
was considered as a continuous variable in a meta-anal-
ysis of 144 prospective studies [37]. In our study, there
was no association of HbA1lc with the risk of CI in T2DM
patients. And, a HbAlc goal of <7% could’t reduce the
risk of cognitive impairment in middle-aged T2DM
(Supplementary Table 2). The inconsistent relation-
ship between HbAlc and cognitive dysfunction may be
related to the following reasons. Firstly, subject profiles
differ. Subjects had different conditions of pre-diabetes,
T1DM and T2DM, as well as different ages, ranging from
middle-aged to elderly. Secondly, the outcome events
were different. Some studies had dementia as the out-
come event, and some had MCI. Thirdly, the trial designs
were different. Some were cross-sectional studies explor-
ing the correlation between HbAlc and CI, and some
were cohort studies exploring the causal relationship
between them. Finally, it is probably related to the limita-
tions of the measurement of HbAlc. HbAlc reflects aver-
age glucose level over the last 2—3 months, which cannot
provide information on acute glycemic fluctuation, hypo-
glycemia or hyperglycemia [19]. It has been shown that
blood glucose fluctuations are associated with cognitive
dysfunction [18, 39—-43]. Hypoglycemia has been proven
to be associated with cognitive impairment [9]. More-
over, certain conditions such as anemia, hemoglobin-
opathies, iron deficiency and pregnancy can confound
HbA1lc measurements [5]. So HbAlc may not be an ideal
predictor of CI in diabetic patients.

The 2019 ATTD congress reached consensus on glyce-
mic cut-off points (a target in range of 3.9-10.0mmol/L)
for individuals with T1DM and T2DM [19]. In our study,
TIR was significantly correlated with HbAlc, which was
consistent with previous studies [26, 27]. TIR is well cor-
related with HbAlc, suggesting that it would probably
replace HbAlc for predicting diabetes complications as
the preferred metric. In fact, there is growing evidence
from several recent studies that have shown correlations
of TIR with diabetes complications [28—31, 44]. Further-
more, TIR can more accurately assess daily patterns of
glycemia and glycemic variability, which may be relevant
for cognitive function.

Therefore, we predict that TIR may be used as a surro-
gate predictor of CI in diabetic patients beyond HbAlc.
Our study revealed the significant association of TIR with
CI, suggesting that TIR may be a suitable indicator for the
cognitive dysfunction in people with middle-aged T2DM.
Moreover, we also found that higher TIR was related
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to lower risk for CI, that means high TIR probably had
a protective effect for cognitive function in T2DM. The
possible reasons is that higher TIR for a patient means
spending more time within the target glucose range (3.9—
10.0 mmol/L) and less time above or below it, resulting
in fewer instances of hypoglycemia or hyperglycemia.
Glucose fluctuations measured by CGM were associ-
ated with cognitive decline among older T2DM patients
in two cross-sectional studies [45, 46]. Blood glucose
fluctuation can damage the function of endothelial cells,
aggravate chronic inflammation and increases the risk of
diabetic complications [46]. Recently, GV metrics have
aroused extensive attention as independent predictors of
diabetes complication [47], including SD, CV and Mean
Amplitude of Glycemic Excursions (MAGE). Further
adjustments on SD and CV, we found TIR was still asso-
ciated with CI, so the present study provided evidence of
a GV-independent effect of TIR on CIL

As a hyperglycemia metric, TAR was positively cor-
related with HbAlc (r=0.456) and negatively correlated
with TIR (r=—0.996) in our study. The result was con-
sistent with the literature [29]. The present study showed
that TAR probably was a risk factor for cognitive function
in middle-aged T2DM. In our study, achieving a HbAlc
goal of <7% could’t reduce the risk of CI in middle-aged
T2DM (Supplementary Table 2). One possible reason is
that HbA1c reflects the average blood glucose level over
the past three months and provides no indication of
hypoglycemia or glycemic fluctuation. Hypoglycemia has
been proven to be associated with cognitive impairment
[9]. Hyperglycemia probably affect cognitive function by
damaging vascular endothelium and blood-brain barrier,
demyelination and axonal loss, or aggravation of oxida-
tive stress [48].

There were several limitations of this study. Firstly, this
is a cross-sectional study, so we cannot determine the
causal relationship between TIR and the development of
CL On the other hand, Compared to CGM data, seven-
point BGM data can only partially assess intra-individual
and inter-individual glucose variability. Additionally, the
data is collected only during the daytime, excluding the
nighttime period. Therefore, the calculation of TIR and
other metrics may underestimate nighttime glucose lev-
els and reduce the chance of detecting hypoglycemia.
As CGM continuously captures the glucose profile over
days, it can provide much more data to compute TIR
than BGM, it is possible that CGM-measured TIR allows
for more accurate assessment of the risk of CI than BGM.
However, BGM is flexible, convenient, easy to oper-
ate, relatively economical and has a high feasibility and
good correlation with CGM [20]. Previous studies have
shown that TIR measured by CGM and BGM are simi-
lar [49, 50], so it is reasonable to assume that the correla-
tion between the TIR measured by BGM and CI would
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also be applicable to the TIR measured by CGM. Further
research is needed to explore the relationship between
CGM-measured TIR and CIL

Conclusion

In conclusion, we provide evidence that TIR, as a sup-
plemental metric of HbAlc for glycemic management
is probably associated with CI in middle-aged T2DM
patients. Moreover, from a therapeutic perspective, we
found that achieving the TIR goal probably had protec-
tive effects on cognitive function. In the future, some
large prospective cohort studies are needed to explore a
definitive role of CGM-measured TIR in the onset and
progression of CL.

The measurement data are shown as meanzstandard
deviation (SD) or median and interquartile range [P25,
P75], depending on the normality of data distribution.
Categorical data are presented as the number of cases
(percentage) [n (%)]. P<0.05 was regarded as a significant
difference.

CI, cognitive impairment; NCF, normal cognitive func-
tion; CVD, cerebrovascular disease; WBC, white blood
cell count; NLR, neutrophil count to lymphocyte ratio;
RBC, red blood cell count; Hb, hemoglobin; ALT, alanine
aminotransferase; Cr, serum creatinine; TC, total choles-
terol; TG, triglyceride; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol;
TSH, thyroid stimulating hormone.
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