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Background. Variability of HbAlc has been related to the incidence micro and macrovascular complications in patients
with diabetes. However, the association between of visit-to-visit variability of HbAlc and risk of dementia has not been
fully determined. A meta-analysis was performed to comprehensively evaluate the above association. Methods. Medline,
Embase, and Web of Science databases were searched for longitudinal follow-up studies comparing the incidence of
dementia in diabetic patients with higher or lower variability of HbAlc. A random-effect model incorporating the potential
heterogeneity among the included studies were used to pool the results. Results. Five retrospective studies with 577592
diabetic patients were included, and 99% of them were with type 2 diabetes mellitus (T2DM). With a mean follow-up
duration of 6.3 years, 31963 patients had newly diagnosed dementia. Pooled results showed that diabetic patients with
higher HbA1c variability was associated with higher risk of dementia, as evidenced by studies with coefficient of variation
(CV: hazard ratio (HR): 1.06; 95% confidence interval (CI): 1.003-1.120; p = 0.04; I>=47%) and standard deviation (SD:
HR: 1.19; 95% CI: 1.06-1.32; p = 0.002; I>=0%) of HbAlc in continuous variables, and CV of HbAlc (HR: 1.18; 95% CI:
1.08-1.28; p<0.001; I = 31%) in categorized variables. Conclusions. Higher variability of HbAlc is associated with a higher

incidence of dementia in patients with diabetes.

1. Introduction

Accumulating evidence suggests that diabetes may be a risk
factor for cognitive impairment, and diabetes has been as-
sociated with higher risk of dementia [1-3]. Conventionally,
persistent hyperglycemia evidenced by significantly in-
creased plasma glycated hemoglobin (HbAlc) is well ac-
cepted as the most important cause of various complications
in patients with diabetes [4, 5]. Subsequent studies dem-
onstrated that besides persistent hyperglycemia, episodes of
hypoglycemia associated with antidiabetic treatments are
also associated with some adverse events and complications
in patients with diabetes, including cognitive impairment
[6, 7]. Interestingly, recent evidence suggests that higher
glycemic variability, which reflects increased fluctuation in
glycemia, may also be a strong risk factor for the incidence of

complications in patients with diabetes [8-10]. Clinically,
HbAlc is an indicator for the average glycemic status over 2-
3 months, and variability of visit-to-visit HbAlc levels
within months or years has been increasingly applied to
reflect the level of long-term glycemic variability in diabetic
patients [11, 12]. Previous studies have suggested that in-
creased HbAlc variability, calculated as coefficient of var-
iation (CV) or standard deviation (SD) of visit-to-visit
HbAlc, may be independently associated with higher risk of
vascular complications in patients with diabetes [13, 14].
However, it remains not fully determined whether HbAlc
variability is also associated with a higher risk of dementia in
diabetic patients [15-19]. Accordingly, in this study, we
performed a meta-analysis to comprehensively evaluate the
association between HbAlc variability and the risk of de-
mentia in patients with diabetes.


mailto:hongyingbai_293@21cn.com
https://orcid.org/0000-0003-3561-0522
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7706330

2. Methods

The meta-analysis was performed in accordance with the
MOOSE (Meta-Analysis of Observational Studies in Epi-
demiology) [20] and Cochrane’s Handbook [21] guidelines.
The protocol of this systematic review and meta-analysis was
not prospectively registered.

2.1. Literature Search. Studies were identified via systematic
search of electronic databases of PubMed, Embase, and Web
of Science via the following terms: (1) “glycemic” OR
“glyceamic” OR “glucose” OR “hemoglobin Alc” OR “A1C”
OR “HbA1lc”; (2) “variability” OR “variation” OR “fluctu-
ation”; and (3) “dementia” OR “cognitive decline” OR
“cognitive impairment” OR “cognitive dysfunction” OR
“cognition” OR “Alzheimer” OR “Alzheimer’s.” The search
was limited to human studies published in English. The
reference lists of related original and review articles were also
analyzed using a manual approach. The final literature
search was performed on August 21, 2021.

2.2. Study Selection. The inclusion criteria for the studies
were as follows: (1) designed in longitudinal follow-up
studies, including cohort studies, post hoc analysis of clinical
studies, and nested case-control studies; (2) included pa-
tients with confirmed diagnosis of diabetes, including type 1
and type 2 diabetes mellitus (T1DM and T2DM); (3) visit-to-
visit HbAlc variability was evaluated at baseline and
quantified via the CV or SD of HbAlc; (4) evaluated the
association between glycemic variability and incidence of
dementia during follow-up; and (5) reported the hazard
ratio (HR) for the above association with CV or SD of
HbAlc analyzed as continuous variables (per 1-SD incre-
ment) or categorized variables (highest versus lowest cate-
gory). Reviews, editorials, cross-sectional studies, studies
with nondiabetic patients, studies evaluating acute glycemic
variability, or studies irrelevant to the aim of current meta-
analysis were excluded.

2.3. Data Extracting and Quality Evaluation. Literature
search, data extraction, and quality assessment of the in-
cluded studies were independently performed by two au-
thors according to the predefined criteria. Discrepancies
were resolved by consensus or discussion with the corre-
sponding author. The extracted data included the name of
first author, publication year, and country where the study
was performed; study design characteristics; patient char-
acteristics, including diagnosis of the patients, sample size,
mean age, and sex; exposure characteristics, including pa-
rameters used for measuring of HbA ¢ variability at baseline
(HbA1c-CV and/or HbAlc-SD), period for HbAlc vari-
ability calculation, and methods for HbAlc variability
analysis; follow-up durations and outcomes reported; and
confounding factors that were adjusted. The quality of each
study was evaluated using the Newcastle-Ottawa Scale [22]
which ranges from 1 to 9 stars and judges each study re-
garding three aspects: selection of the study groups, the
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comparability of the groups, and the ascertainment of the
outcome of interest.

2.4. Statistical Analyses. We used HRs and their corre-
sponding 95% confidence intervals (Cls) as the general
measure for association between HbAlc variability at
baseline and incidence of dementia during follow-up. Data
of HRs and their corresponding stand errors (SEs) were
calculated from 95% CI or p values and were logarithmically
transformed to stabilize variance and normalized the dis-
tribution [21, 23]. Cochrane’s Q test and estimation of I [2]
statistic were used to evaluate the heterogeneity among the
included cohort studies [24]. A significant heterogeneity was
considered if I [2] > 50%. We used a random-effect model to
synthesize the HR data because this model is considered as a
more generalized method which incorporates the potential
heterogeneity among the included studies [21]. Sensitivity
analysis was used to evaluate the possible influence of each
study on the pooled results. If at least ten datasets were
included, the potential publication bias was assessed by
funnel plots with Egger’s regression asymmetry test [25]. A p
value < 0.05 indicates a statistical significance. We used the
RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK)
and Stata software for the meta-analysis and statistics.

3. Results

3.1. Literature Search. The process of database search is
shown in Figure 1. Briefly, 768 articles were found via initial
literature search of PubMed, Embase, and Web of Science
databases after excluding of the duplication, and 742 were
further excluded through screening of the titles and abstracts
mainly because they were not relevant to the purpose of the
meta-analysis. Subsequently, 26 potential relevant records
underwent full-text review. Of these, 21 were further ex-
cluded based on reasons shown in Figure 1. Finally, five
studies were included [15-19].

3.2. Study Characteristics and Quality Evaluation. The
characteristics of the included studies are given in Table 1.
Overall, five studies, including four retrospective cohort
studies [15, 16, 18, 19] and one post hoc analysis of the
clinical study [17], were included. These studies were pub-
lished between 2017 and 2021 and performed in China
[15, 16, 18], Japan [17], and the United Kingdom [19]. All of
the studies included patients with T2DM except for one
study, which also included a small proportion (7%) of TIDM
patients [18]. Overall, this meta-analysis included 577592
diabetic patients, and 99% of them were with T2DM. At
baseline, glycemic variability was measured with HbAlc-CV
and HbA1c-SD, which were analyzed as continuous vari-
ables in four studies [15, 17-19] and categorized variables in
three studies [15, 16, 19]. One study reported the outcome of
dementia related to Alzheimer’s disease (AD) [15], and the
other four studies reported the outcome of all-cause de-
mentia [16-19]. With a mean follow-up duration of 6.3
years, 31963 patients had newly diagnosed dementia. Pos-
sible confounding factors, such as age, sex, smoking, alcohol
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Figure 1: Flowchart of literature search.

drinking, obesity, baseline glycemic status, other comor-
bidities, and concurrent antidiabetic treatments, were ad-
justed to a varying degree among the included studies. The
NOS scores of the included studies ranged from 6 to 8,
indicating moderate to good study quality (Table 2).

3.3. HbAlc Variability and Risk of Dementia in Diabetic
Patients. Pooled results of four studies [15, 17-19] showed
that higher HbAlc variability analyzed as HbAlc-CV in
continuous variable was independently associated with
higher risk of dementia in patients with diabetes (adjusted
HR per SD: 1.06, 95% CI: 1.003-1.120, p = 0.04; Figure 2(a))
with moderate heterogeneity (p for Cochrane’s Q test=0.13,
I*=47%). Sensitivity by excluding the study reporting AD-
related dementia [15] showed consistent result (adjusted HR
per SD: 1.08, 95% CI: 1.001-1.168, p =0.04; I*=61%).
Pooled results of two studies [17, 18] showed that higher
HbAlc variability analyzed as HbAlc-SD in continuous
variable was independently associated with higher risk of
dementia (adjusted HR per SD: 1.19, 95% CI: 1.06-1.32,
p = 0.002; Figure 2(b)) with no significant heterogeneity (p
for Cochrane’s Q test=0.76, I’=0%). Moreover, pooled
results of three studies [15, 16, 19] showed that patients with
the highest category of HbAlc-CV were with significantly
higher risk of dementia as compared to those with the lowest

category of HbAlc-CV (adjusted HR: 1.18, 95% CI:
1.08-1.28, p < 0.001; Figure 2(c)) with mild heterogeneity (p
for Cochrane’s Q test=0.23, I*=31%). Sensitivity by ex-
cluding the study reporting AD-related dementia [15] also
showed consistent result (adjusted HR: 1.14, 95% CI:
1.08-1.21, p<0.001; I* = 0%).

3.4. Publication Bias. The funnel plots for the meta-analysis
of the association between HbAlc variability and dementia
risk as evaluated by HbAlc-CV and HbA1lc-SD as contin-
uous variable and HbA1lc-CV as categorized variable are
shown in Figures 3(a)-3(c). Tests for funnel plot asymmetry
had little power for indicating publication bias since less
than ten datasets were included. Egger’s regression tests were
not performed because of limited datasets for each outcome.

4, Discussion

In this meta-analysis, we pooled the results of five retro-
spective follow-up studies, and the results showed that
higher visit-to-visit variability of HbAlc may be indepen-
dently associated with higher risk of dementia in patients
with diabetes. The robustness of the finding was validated by
consistent results of meta-analyses with the variability of
HbAlc analyzed as HbAlc-CV and HbAlc-SD as



International Journal of Clinical Practice

as (%<6
SIBIPIIOo: S3p0d - PHUIHRp SNONUIUO - I0 Nazl) 'UT (81]
puE ‘xos 98y 56 PO3 6-ADI 21200 0T AN nuoyH IVIH 0S €9 9815¢T syuanyed kil 0] 1202 997
AD-TIVIH
Wa
SUOTJEOIPIW
JU2LINOUO0D
pue
‘SaT}IPIQIOWIOD
‘ING uonezifendsoy 1o as
uoneInp N 621 Aderoyyooewrreyd rhustiop P11 N snonunuo)  -d1yqH 1o GS 59 0SHC syuened NI uede[ [21] 810C
. [[eI9AQ INAZL 0jOWNSIEIA
uondwnsuod M eHUIWI(] AD-2TVIH
[oyoore
Gunjows
OTVqH
‘DI xos 8y
SUOI}edIPAW
JU21INOUOD
pue
‘SAT}IPIQIOWO0D aA0Qe
dozww,mw NG ey Adwewocewreyd epuowdp sxeak ¢ L€l ADOIVQH  8/9F S1L  8bEsL woo MMM 4 e (o1]
do.u Jumsuos M U] 12ENe} ooned I 8107 ‘MoYD
[04oo[e INAZL
Gunjows
9TVqH
‘O] X3S 8y
SUOTJEOIPIW
JU21INOUO0D
pue
‘S3T}IPIQIOWIOD 2A0qe
£31s9q0 av 10 s1eak
snonunuod
‘uoneanp WA 1€8 $9p0d 6-ADI 4q pasne> 6’8 ek 1 101 P ¢ ADPTVAH  9%F  T69 90491 09 paSe I eurq)  [ST] £10T T1
cuondwnsuod BIIUSWA(T Liel syuanjed
[0Y4ooTe WdadL
Gunjowrs
OTVIH
‘O X8 8y
BIJUDWAP payrodaz (s1eaf) (s1024) stsA[eue (s1eak)
paisnipe : uonepIfea uonemp  UOne[nO[Ed : juswaInsedw (%) EVAN
m QwodINo 1a1owered a3e syuedonreq udisaq Anuno) Apmsg
SO[qeLIe A QwoonQ dn AD AD SeIN ordureg
syusneq BHUIWd(] AD ueaIN
-MO[[0]  10J poLdd

*SAIPNIS PIAPN[IUL A} JO $ONSLIdIORIRYY ] ATAV],



International Journal of Clinical Practice

"Xopul ssewr Apoq [T (S2SeaSIP JO UOILdYISSe[d [BUOTJRUIUI (JD] OSBISIP S IOWIAYZ[Y ‘(qV [uIenb Q) ©Q[1Id) ¢, UOTELIBA JO JUIDLJI0D
‘AD ‘UOTIBIASD pIepue)s ‘(S DTV urqopdoway 91y qH ‘@soon(s ewseyd Sunsej ‘JJ smour sajoqerp 1 2d£) LT SSmIow sa3aqerp g 2dA) Nz, SSmeur sajoqerp ‘N 2Andadsonar of “riqerrea oturadL[3 ‘Ao

SUOT)RITPIT
JUILINOUOD
pue ‘Wa
Jo uoneInp
‘SAT)IPIQIOWI0D
Jo A1035Tq
‘1030180
TN ‘snyels
Sunjows
‘uordar pue
‘1ef Iepuared
xas 93y

uonezifejrdsoy 10
Aderoyyooeurreyd
M U]

£T98¢

B UAWIAP
[[e12A0

9 s1eaf ¢

snonunuod

10 1070

ADTVIH

1cs

Sv9

c06L5¥

aA0qe
10 s1eak
05 pase ki NN
syuaned
INACL

[61]
120z “Suayz

BTJUSWAP
m
syuaned

pasnipe
So[qeLIe A

uonepIfeA
awonnQO

payrodas
2ur0o)no

BNUIWA(]

(sTeak) (s1e3K)

uoneINp UONLNO[Ed

dn AD
-MO[[0]

10J pordg

stsA[eue
I1ayourered

AD

juauwaInseauwx

AD

(%)

SR

(s1e2K)

a3e

UBIA

syuedonreg udisaq Anuno) Apmig

‘panunuo)) i1 414V],



International Journal of Clinical Practice

(61]
8 ! I ! 1 1 I 1 I 0 1207 Suayyz
9 I I I 0 1 I 0 I 0 [81] 120z 991
[£1] 8107
L I I I 1 1 I 0 I 0 ‘ojoumnsyepy
[o1]
8 I I I 1 1 I 1 I 0 8107 ‘MoyD
8 I ! I ! 1 I 1 I 0 [s1] L10T 1T
110400 uonemp $10)0€] auraseq 110402
awo2)No a8e 103 amsodxa 110700 pasodxa oy
[e101,  jo dn-mofgqoy dn-morjog Surpunojuoo je Juasard pasodxauou Apmig
JO JUDWISSISS Y [onuo) JO JUSWIUTELIAISY Jo ssouaAneIudsaIdoy

jo Aoenbopy

Suor ySnouyg

I91)0 10J [01U0D)

JoU dWOoNNO

a1} JO UOTII[AS

"3[edS BME)IO-I[ISBIMIN 91} BIA Uonjen[ead Ajipenb Apnis jo sqreld( iz a1avy,



International Journal of Clinical Practice

Study or Subgroup log[Hazard Ratio]

SE Weight IV Random, 95% CI

Hazard Ratio
IV Random, 95% CI

Hazard Ratio

Li 2017 0.00995033  0.0501812 20.1%  1.01[0.92, 1.11] ——

Matsumoto 2018 0.27763174  0.12631881 4.5%  1.32[1.03,1.69]

Lee 2021 0.09531018  0.03932415 26.7%  1.10 [1.02, 1.19] -

Lee 2021 0.03922071  0.01472151 48.6%  1.04 [1.01, 1.07] L]

Total (95% CI) 100.0%  1.06 [1.00, 1.12] &

Heterogeneity: Tau? = 0.00; Chi® = 5.66, df = 3 (P = 0.13); I> = 47% ! ' ' '
0.5 0.7 1 1.5 2

Test for overall effect: Z = 2.11 (P = 0.04)
Favors higher variation

Favors lower variation

(a)
Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV Random, 95% CI IV Random, 95% CI
Matsumoto 2018 0.19062036  0.08796951 38.5% 1.21 [1.02, 1.44] —a—
Lee 2021 0.15700375 0.06960892 61.5% 1.17 [1.02, 1.34] ——
Total (95% CI) 100.0% 1.19[1.06, 1.32] . 4
Heterogeneity: Tau* = 0.00; Chi* = 0.09, df = 1 (P = 0.76); I> = 0%
Test for overall effect: Z = 3.11 (P = 0.002) T T T 1

0.5 0.7 1 1.5 2

Favors higher variation

Favors lower variation

(b)

b

Hazard Ratio

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV Random, 95% CI IV Random, 95% CI

Li2017 0.27763174  0.09006756 17.6% 1.32 [1.11, 1.57] —_—

Chow 2018 0.18232156  0.07829424 21.9% 1.20 [1.03, 1.40] —_—

Zheng 2021 0.12221763  0.03164608 60.5% 1.13 [1.06, 1.20] E o

Total (95% CI) 100.0%  1.18[1.08, 1.28] >
Heterogeneity: Tau® = 0.00; Chi* = 2.91, df = 2 (P = 0.23); P = 31% . : : ,
Test for overall effect: Z = 3.87 (P = 0.0001) 05 07 1 15 2

Favors higher variation

Favors lower variation

(c)

FIGURE 2: Forest plots for the meta-analysis of the association between HbA I¢ variability and risk of dementia in patients with diabetes. (a)
Meta-analysis with HbAlc-CV analyzed as continuous variable. (b) Meta-analysis with HbAlc-SD analyzed as continuous variable. (c)

Meta-analysis with HbA1c-CV analyzed as categorized variable.

continuous variables and HbA1lc-CV as categorized vari-
ables. These results suggested that besides persistent hy-
perglycemia and hypoglycemia episodes, increased long-
term glycemic fluctuation may also be an independent risk
factor for dementia in patients with diabetes.

As far as we know, this study is the first meta-analysis
which summarized current understanding regarding the
association between HbAlc variability and incidence of
dementia in patients with diabetes. Before the interpretation
of the results, some strengths of the meta-analysis should be
highlighted. First, all of the included studies were longitu-
dinal follow-up studies, which could therefore provide a
temporal relationship between higher visit-to-visit vari-
ability of HbAlc and increased risk of dementia in patients
with diabetes. Moreover, meta-analyses for the above

association were separately performed according to the
different parameters for HbAlc variability (HbAlc-CV and
HbA1c-SD) and different analytic methods (continuous and
categorized variables). Finally, for all of the included studies,
the association between HbA1c variability and incidence of
dementia was obtained in multivariate analyses after ad-
justment of possible confounding factors. Accordingly, a
potential independent relationship between increased
HbAlc variability and higher incidence of dementia in
patients with diabetes could be retrieved. Taken together,
these findings suggested that increased long-term glycemic
fluctuation as evidenced by increased visit-to-visit variability
of HbAlc may be an independent risk factor dementia in
patients with diabetes. The results of the meta-analysis are
consistent with findings of some previous studies which
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F1GURre 3: Funnel plots for the meta-analysis of the association between HbA1c variability and risk of dementia in patients with diabetes. (a)
Funnel plots for studies with HbAlc-CV analyzed as continuous variable. (b) Funnel plots for studies with HbAlc-SD analyzed as
continuous variable. (c) Funnel plots for studies with HbA1lc-CV analyzed as categorized variable.

evaluated the association between glycemic variability and
changes in cognitive function. An early study showed that
higher acute glycemic peak indicated by the decreased level
of 1,5-anhydroglucitol (1,5-AG) was independently associ-
ated with cognitive decline and dementia in community-
based population of the Atherosclerosis Risk in Commu-
nities study [26]. In addition, a recent prospective pop-
ulation-based cohort study also suggested a significant
association between HbA1c variability and cognitive decline
among the nondiabetic population [27]. It has to be men-
tioned that these two cohort studies were performed in
general population rather than in patients with diabetes,
which may suggest that the association between glycemic
fluctuation and cognitive impairment is not restricted to
patients with diabetes. Some mechanisms could be proposed
underlying the above association. For example, increased
glycemic fluctuation has been associated with vascular
complications of diabetes and atherosclerosis of cerebral
arteries, and cerebral ischemia has been identified as major
risk factors for cognitive impairment in these patients [28].
A recent study showed that glucose fluctuation is signifi-
cantly associated with severe internal carotid artery siphon

stenosis in T2DM patients [29], a known cause of vascular
dementia. In addition, increased glycemic fluctuation is
related to the severity of oxidative stress, a major patho-
genesis and therapeutic target for AD-related dementia
[30, 31]. Moreover, T2DM patients with higher HbAlc
variability, despite of a possible suitable average HbAlc, may
be more likely to suffer from recurrent hypoglycemic epi-
sodes, which have been recognized as a risk factor for
cognitive impairment, particularly in the elderly [32]. Be-
sides, glycemic fluctuation has been related to brain atrophy
[33], altered microglial activity [34], and some molecular
changes reflecting the degeneration of the brain regions
related to cognitive deficits [35]. Our results, together with
these findings, suggested the possible clinical significance of
tightened and stable glycemic control in patients with di-
abetes, particularly for those at higher risk for dementia.
Our study has limitations. First, studies available for the
meta-analysis were retrospective, which may be confounded by
the recall or selection biases. Therefore, prospective cohort
studies are needed for validation. Second, limited datasets were
available for each metrics of HbAlc variability, and we were
unable to evaluate the influences of study patient or study
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characteristics on the association, such as the age, sex,
comorbidities, and follow-up durations. Large-scale prospective
studies are also warranted for further investigation. Besides, we
did not search for grey literatures or make contact with the
related researchers for possibly unpublished data, which may
also lead to additional bias of the systematic review. In addition,
almost all studies included T2DM patients. Accordingly, the
possible association between HbAlc variability and risk of
dementia in TIDM patients should be evaluated in future
studies. Moreover, although studies with multivariate analysis
were included, we could not exclude the existence of residual
factors that may affect the association, such as the concurrent
use of antidiabetic medications that may reduce glycemic
fluctuation. Furthermore, we could not determine the possible
influence of publication bias on the results since only five studies
were included because tests for funnel plot asymmetry and
Egger’s regression analysis could not be performed. Finally, a
causative relationship between HbA1c variability and dementia
could not be derived based on our study because it is a meta-
analysis of observational studies. Clinical trials may be con-
sidered to evaluate whether reduction of glycemic fluctuation
could reduce the incidence of dementia in diabetic patients.

In conclusion, results of the meta-analysis showed that
increased HbAlc variability in patients with diabetes was
significantly associated with higher risk of dementia. Gly-
cemic fluctuation should be considered as a risk factor for
dementia in diabetic patients, which should be considered in
the determination of optimal hypoglycemic regimens in
these patients.
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