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Abstract 

Background: Diabetes mellitus (DM) is known to be a risk factor for dementia. However, it is unclear if hypoglycemic 
events play a role in the risk of dementia. We aimed to systematically review evidence on the risk of dementia in DM 
patients based on prior hypoglycemic events.

Methods: PubMed, Embase, ScienceDirect, CENTRAL, and Google Scholar databases were searched till 15th Novem-
ber 2021 for cohort studies assessing the risk of dementia based on prior hypoglycemic events in DM patients. 
Adjusted data were pooled in a random-effects model.

Results: Ten studies with a total of 1,407,643 patients were included. Pooled analysis of all ten studies indicated that 
hypoglycemic episodes were associated with a statistically significant increase in the risk of dementia in DM patients 
as compared to those not experiencing hypoglycemic episodes (HR: 1.44 95% CI: 1.26, 1.65  I2 = 89% p < 0.00001). 
The results did not change on the exclusion of any study. Sub-group analysis based on the study population, type of 
study, adjustment for glycated hemoglobin, gender, and the number of hypoglycemic episodes also presented similar 
results.

Conclusions: Evidence from observational studies with a large sample size indicates that DM patients with hypogly-
cemic episodes are at increased risk of dementia. Anti-hyperglycemic drugs should be adequately tailored in these 
patients to avoid the risk of dementia.
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Background
Diabetes mellitus (DM) has been regarded as a global 
epidemic affecting a large number of patients world-
wide. Research indicates that the incidence of DM is on 
the rise and around 592 million people will be affected 
by the disease in 2035 [1]. Regardless of the progress in 
therapeutics and management of DM, diabetes-related 

complications continue to be a major healthcare prob-
lem [2]. In addition to well-recognized complications like 
retinopathy, neuropathy, diabetic kidney disease, and car-
diovascular disorders, DM is now a well-established risk 
factor for dementia [3]. Research suggests DM patients 
have a 25-91% increased risk of dementia as compared 
to non-diabetics [4]. In this context, there has been 
increased interest in the effect of glucose-lowering thera-
pies and glycemic control to prevent cognitive decline 
[5]. While studies have indicated that poorly controlled 
DM significantly increases the risk of dementia [6], 
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aggressive management of blood sugar, in turn, heightens 
the risk of hypoglycemia, which could have disastrous 
consequences.

In the past decade, diabetic management protocols 
and healthcare practitioners have primarily focused on 
optimal glycemic control to prevent hyperglycemia and 
associated complications in DM patients [7]. However, 
such singular emphasis has proportionally increased the 
number of patients reporting severe hypoglycemia. Data 
suggest that up to 58 to 64% of patients treated with insu-
lin and non-insulin therapies require medical assistance 
for the management of hypoglycemia over a 6-12 month 
period [8]. While hypoglycemia is easily treatable and a 
transient complication, it is not without other short and 
long-term adverse effects. Hypoglycemia has been shown 
to increase the risk of micro and macrovascular compli-
cations of DM along with the increased risk of falls and 
fractures [9]. Research also suggests a heightened risk of 
cardiovascular and all-cause mortality due to hypoglyce-
mia in diabetics [10].

Severe hypoglycemia can also impact brain func-
tions and result in impaired cognitive function and also 
dementia [11]. Mild cognitive impairment and dementia 
constitute a spectrum of neurological disorders wherein 
mild cognitive impairment results in modest impairment 
in one or more cognitive domains with preserved func-
tional abilities; while dementia is diagnosed when the 
cognitive impairment is severe enough to compromise 
social and/or occupational functioning [12]. To date, the 
association between hypoglycemic events and the risk of 
dementia has been explored by a few systematic reviews. 
However, these could include only a limited number of 
studies and not comprehensively explore the association 
between the two entities. Given the publication of recent 
studies, there is a need for updated evidence. Hence, the 
current systematic review was designed to assess if prior 
hypoglycemic events increase the risk of dementia in DM 
patients.

Materials and methods
We prospectively registered the protocol of our review 
on PROSPERO with registration no CRD42021287921. 
The reporting guidelines of the PRISMA statement (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses) were adhered to for the current review [13].

Literature search
We undertook a systematic and comprehensive search 
with the help of a medical librarian to explore the elec-
tronic databases of PubMed, Embase, ScienceDirect, and 
CENTRAL. Google Scholar was used to search the gray 
literature, but only for the first 400 results of the search 
query. This was done considering the fact Google Scholar 

produces a large number of results for each search query 
and only the initial relevant results were considered. 
Two authors of the review were involved in the database 
search which was carried out independently. The time 
limits of the search were set from the inception of every 
database to 15th November 2021. Only three search 
terms were used to maximize the results. The search 
string consisting of “diabetes” AND “hypoglycemia” AND 
“dementia” was used for all databases. Following the data-
base search, we deduplicated the results. All the remain-
ing studies were analyzed by their titles and abstracts. 
Articles relevant to the subject of our review were iden-
tified and their full texts were extracted. These articles 
were then examined by two reviewers independently for 
final inclusion in the review. Any discrepancies in study 
selection were resolved by consensus. Finally, we also 
searched the reference list of included studies to look for 
any other possible inclusions.

Eligibility criteria
The inclusion criteria of the review were as follows: (1) 
All types of cohort (prospective and retrospective) stud-
ies that were conducted on patients with DM. There was 
no restriction on the type of DM in the included studies. 
(2) Studies were to assess the risk of dementia based on 
past hypoglycemia events (3) Studies were to report a 
multivariable-adjusted ratio of the risk of dementia with 
95% confidence intervals. We did not predefine dementia 
and hypoglycemia for the review and any definition used 
by the included studies was accepted.

Exclusion criteria were: (1) Studies comparing data of 
DM with non-DM patients (2) Studies only on cogni-
tive impairment (3) Studies not reporting adjusted data 
(4) Studies on patients with gestational DM and patients 
not clinically diagnosed as DM (5) Non-English language 
studies (6) cross-sectional studies as they cannot assess 
the temporal association between hypoglycemia and 
dementia and 6) Studies reporting duplicate data. If there 
were two studies with overlapping data, the study with 
the largest sample size was included.

Data extraction and quality assessment
Two authors independently extracted the following 
data: author details, publication year, study type, study 
location, the database used, sample size, male gender, 
smokers, comorbidities diagnosis of hypoglycemia and 
dementia, the incidence of hypoglycemia and demen-
tia, variables adjusted in the multivariable analysis and 
follow-up.

The methodological quality of studies was assessed 
using the Newcastle-Ottawa scale (NOS) [14]. It was 
conducted by two authors independent of each other. 
Any disagreements were solved by a discussion. Studies 
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were assessed for selection of study population, compara-
bility, and outcomes, with each domain being awarded a 
maximum of four, two, and three points respectively. The 
maximum score which can be awarded was nine. Stud-
ies with nine points were considered to have a low risk 
of bias, seven to eight points were considered to have a 
moderate risk of bias and those with scores of six and 
below were with a high risk of bias.

Statistical analysis
The meta-analysis was performed using “Review Man-
ager” (RevMan, version 5.3; Nordic Cochrane Cen-
tre [Cochrane Collaboration], Copenhagen, Denmark; 
2014). Multivariable-adjusted ratios were extracted from 
individual studies and were pooled to calculate the total 
effect size as hazard ratios (HR) with 95% CI. This was 
done using the generic inverse variance function of Rev-
Man. All meta-analyses were conducted using the ran-
dom-effects model.

Heterogeneity was assessed using the  I2 statistic.  I2 
values of 25–50% represented low, values of 50–75% 
medium, and more than 75% represented substantial het-
erogeneity. We assessed publication bias by visual inspec-
tion of funnel plots. A sensitivity analysis was carried out 
to assess the contribution of each study to the pooled 
estimate by removing one study one at a time and recal-
culating the pooled effect estimates for the remaining 
studies. Subgroup analyses were carried out for studies 
on the Asian/western population, study type, type of DM, 
adjustment of glycated hemoglobin (HbA1c), gender, and 
the number of hypoglycemic events.

Results
Study details
The PRISMA flow chart of the study is presented in 
Fig. 1. 1097 articles were found after the literature search. 
On the exclusion of duplicates, 527 articles remained. 507 
of them were excluded after the title and abstract screen-
ing and 20 articles were selected for full-text analysis. 
Ten articles were excluded with reasons and the remain-
ing ten studies [5, 15–23] were included in the systematic 
review and meta-analysis.

Baseline details of included studies are presented in 
Table  1. The included studies were published between 
2009 and 2021. Four studies were prospective while the 
remaining were retrospective cohort studies. Only three 
[15, 18, 20] were conducted in Asian countries (Korea 
and Taiwan) while all others were from North America 
or Europe. Data of a total of 1,407,643 patients were ana-
lyzed in the included studies. Only one study [17] was 
conducted on type 1 DM, two studies included a mixed 
population of both types of DM while the remaining 
studies included only type 2 DM patients. Most of the 

studies were registry-based and used international clas-
sification of disease (ICD) codes to identify patients with 
hypoglycemia and dementia. Except for the study of Chin 
et al.  [20] which included all patients with hypoglycemia, 
all remaining studies included patients only with “severe 
hypoglycemia” which was very broadly defined as a hypo-
glycemic event that needed assistance from another per-
son or a visit to a healthcare setup or overnight stay at the 
hospital. The percentage of patients experiencing hypo-
glycemia varied from 0.4 to 15.5% in the included studies. 
The incidence of dementia in the study cohorts ranged 
from 0.9 to 24.6%. The variables adjusted to assess the 
risk of dementia due to hypoglycemia varied widely in 
the included studies. The follow-up of the studies ranged 
from 1 year to 13.9 years. All studies were of moderate 
risk of bias and scored 8 on NOS.

Meta‑analysis
Pooled analysis of all ten studies indicated that hypogly-
cemic episodes were associated with a statistically signifi-
cant increase in the risk of dementia in DM patients as 
compared to those not experiencing hypoglycemic epi-
sodes (HR: 1.44 95% CI: 1.26, 1.65  I2 = 89% p < 0.00001) 
(Fig.  2). Results of the sensitivity analysis are presented 
in Table 2. There was no change in the significance of the 
results on the exclusion of any study and the pooled HR 
ranged from 1.35 to 1.50. There was no evidence of publi-
cation bias on visual inspection of the funnel plot (Fig. 3).

Details of sub-group analysis are presented in Table 3. 
We noted a consistent effect of hypoglycemia in increas-
ing the risk of dementia in both retrospective and pro-
spective studies. On subgroup analysis based on study 
location, we noted that the association between hypo-
glycemia and dementia persisted in studies on Asian 
and western populations. We also noted increased risk 
of dementia in studies including only type 2 DM and 
both types of DM. Similar results were noted for stud-
ies adjusting and not adjusting for HbA1c. A few stud-
ies also reported data on the risk of dementia based on 
gender and the number of hypoglycemic episodes. Meta-
analysis indicated that the risk of dementia with hypogly-
cemia did not vary based on gender. Also, the risk was 
significantly increased with both single and ≥2 episodes 
of hypoglycemia.

Discussion
DM patients can develop several micro and macro-
vascular complications like retinopathy, neuropathy, 
nephropathy, and cardiovascular diseases, which add to 
the morbidity of the illness [24]. Additionally, the brain is 
another target end-organ in diabetics, with research indi-
cating an increased risk of cognitive dysfunction, demen-
tia, and depression amongst DM vs. non-DM patients [4, 
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25]. In a recent meta-analysis of 122 prospective stud-
ies, Xue et al.  [4] have comprehensively shown that DM 
patients have a 1.25 to 1.91 times increased risk of cog-
nitive impairment and dementia as compared to non-
diabetic controls. The authors also noted that the risk of 
dementia is significantly increased by various other DM 
indicators like high 2-hour post-prandial blood sugar lev-
els, high HbA1c levels, and low and high levels of fasting 

plasma insulin. While a majority of these markers indi-
cate poor control of blood sugar levels, in this review, we 
investigated the role of hypoglycemia, which may result 
from aggressive management of the disease.

Our meta-analysis of 1.4 million patients provides 
strong evidence on the association between hypogly-
cemic events and dementia risk in diabetic patients. 
Our quantitative analysis demonstrated that patients 

Fig. 1 Study flow chart
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with hypoglycemic episodes have a 44% increased risk 
of dementia as compared to those not experiencing the 
same. It is important to note that majority of this data 
was derived from patients experiencing “severe hypo-
glycemic” events wherein the complication was critical 
enough to require assistance or warrant a visit/ over-
night admission to the hospital. Most of the studies, due 
to their study design, could not classify hypoglycemia 
based on plasma glucose levels and this is an important 
drawback of the meta-analysis. It is plausible to suggest 
that the threshold of “severe hypoglycemia” would have 
been variable in different individuals and at this point, 
literature is devoid of a ‘cut-off value’ of plasma glucose 
levels beyond which there would be an increased risk of 

Fig. 2 Meta-analysis of the association between hypoglycemic episodes and risk of dementia in DM patients

Table 2 Sensitivity analysis

CI confidence interval

Excluded study Hazard ratio

Zheng 2021 [16] 1.49 95% CI: 1.26, 1.76  I2 = 89% p < 0.00001

Whitmer 2021 [17] 1.43 95% CI: 1.24, 1.65  I2 = 90% p < 0.00001

Li 2021 [18] 1.50 95% CI: 1.31, 1.73  I2 = 88% p < 0.00001

Lee 2019 [19] 1.39 95% CI: 1.21, 1.59  I2 = 89% p < 0.00001

Kim 2020 [15] 1.49 95% CI: 1.27, 1.75  I2 = 88% p < 0.00001

Cukierman–Yaffe 2018 [21] 1.47 95% CI: 1.27, 1.70  I2 = 90% p < 0.00001

Chin 2016 [20] 1.43 95% CI: 1.25, 1.63  I2 = 90% p < 0.00001

Haroon 2015 [22] 1.35 95% CI: 1.22, 1.49  I2 = 66% p < 0.00001

Yaffe 2013 [5] 1.43 95% CI: 1.25, 1.64  I2 = 90% p < 0.00001

Whitmer 2009 [23] 1.45 95% CI: 1.25, 1.69  I2 = 90% p < 0.00001

Fig. 3 Funnel plot for the meta-analysis of the association between hypoglycemic episodes and risk of dementia
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dementia. However, the validity of our results is strength-
ened by the fact that there was no change in the signifi-
cance of the results on sensitivity analysis, and no study 
was found to overtly influence the pooled effect size. Even 
after sequential exclusion of studies, the risk of dementia 
did not show large variations and ranged from 35 to 50%.

The results of our study are in agreement with prior 
reviews. In a meta-analysis of five studies, Mattishent 
et  al.  [26] in 2016 have reported an increased risk of 
dementia with prior hypoglycemic events in diabetic 
patients [Odds ratio (OR): 1.68 95% CI: 1.45, 1.95]. How-
ever, one of the included studies was cross-sectional in 
design, reporting risk of mild cognitive impairment and 
not dementia [11]. Another review [9] published by the 
same authors in 2019 also demonstrated a statistically 
significant increased risk of dementia with prior hypo-
glycemic events (OR: 1.50 95% CI: 1.29, 1.74). Nonethe-
less, our study is a significant update from their review 
as we excluded two studies [27, 28] from the past review 
(due to overlapping data) and included three new stud-
ies which significantly raised the statistical power of our 
analysis. Additionally, unlike the previous review, we 
also explored the association between hypoglycemia and 
dementia via several sub-group analyses. One important 
reason for the subgroup analyses was the high heteroge-
neity amongst the included studies, with  I2 of 89% in our 
primary analysis. While we noted a positive association 
between hypoglycemic events and dementia irrespective 
of the study type and study population, the  I2 values were 
still in the higher range, indicating an unknown source of 
heterogeneity.

Long-term glucose control has been an important 
factor associated with the incidence of diabetic compli-
cations. However, its role in diminishing cognitive func-
tion has been unclear. A large randomized control trial 
[29] exploring the effect of long-term glycemic control 

(target HbA1c of 6% vs. 7–7.9%) on cognitive outcomes 
of DM patients has shown that intensive glycemic con-
trol (HbA1c <6%) results in larger total brain volume and 
attenuated gray matter loss. However, the trial failed to 
demonstrate any statistically significant difference in 
the rate of clinical cognitive decline based on the level 
of glycemic control. On the other hand, the recent ret-
rospective cohort study of Zheng et  al.  [16] has shown 
that higher or unstable HbA1c levels and the presence of 
diabetic complications results in increased dementia risk 
amongst diabetics. Considering the importance of long-
term glycemic control, we performed a sub-group analy-
sis of studies based on the adjustment for HbA1c in the 
multivariate analysis, however, we noted no difference 
between the study groups. One reason for this could be 
the small number of studies in the subgroup analysis war-
ranting further research.

There are several mechanisms by which hypoglyce-
mia could increase the risk of dementia in DM patients. 
Since the primary source of energy for the brain is glu-
cose, repeated episodes of dysglycemia could result in 
structural changes in the brain like reduction of gray 
matter volume, neuronal damage, and cortical atrophy 
[17, 30]. Selective damage to the cerebral cortex and the 
hippocampus, which is involved with memory and learn-
ing, could heighten the risk of cognitive impairment [30]. 
Research also suggests that diabetics have a heightened 
risk of neuronal damage from hypoglycemia as compared 
to non-diabetics probably due to altered glucose metabo-
lism or insulin deficiency [31]. The neuronal damage by 
hypoglycemia may be further enhanced by alteration of 
ionic hemostasis, increased production of reactive oxy-
gen species, and amyloid precursor proteins [30, 32]. 
Considering the multiple adverse effects of hypoglycemia 
on the brain, it is prudent to understand if the number of 
hypoglycemic events has a role in the risk of dementia. In 

Table 3 Subgroup analysis

DM diabetes mellitus, CI confidence interval

Variable Groups No of studies Hazard ratio

Study population Asian
Western

3
7

1.21 95% CI: 1.02, 1.43  I2 = 67% p = 0.03
1.55 95% CI: 1.31, 1.82  I2 = 87% p < 0.00001

Study type Prospective cohort
Retrospective cohort

4
6

1.84 95% CI: 1.20, 2.82  I2 = 66% p = 0.005
1.37 95% CI: 1.18, 1.59  I2 = 93% p < 0.0001

Type of DM Only type 2 DM
Both types of DM

7
2

1.32 95% CI: 1.19, 1.46  I2 = 71% p < 0.00001
1.73 95% CI: 1.62, 1.85  I2 = 0% p < 0.00001

Adjustment for glycated hemoglobin Yes
No

7
3

1.50 95% CI: 1.27, 1.77  I2 = 86% p < 0.00001
1.35 95% CI: 1.07, 1.71  I2 = 86% p = 0.01

Gender Male
Female

2
2

1.18 95% CI: 1.05, 1.33  I2 = 0% p = 0.006
1.30 95% CI: 1.19, 1.41  I2 = 0% p < 0.00001

No of hypoglycemic episodes 1 episode
≥2 episodes

3
3

1.21 95% CI: 1.11, 1.32  I2 = 0% p < 0.0001
1.63 95% CI: 1.10, 1.43  I2 = 84% p = 0.02
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our review, we noted that just three studies [15, 20, 23] 
analyzed the impact of the number of hypoglycemic epi-
sodes on the risk of dementia. Analysis of the scarce data 
failed to demonstrate a linear relationship between the 
number of hypoglycemic events and the risk of demen-
tia. Nevertheless, there is a need for further studies to 
explore this important variable.

We acknowledge the several limitations of our review. 
Firstly, the analysis included data from registry-based 
observational studies which have an inherent bias. Data 
entry and record-keeping errors can influence the study 
outcomes. Also, such observational studies can at best 
reveal associations without proving causality. Secondly, 
the lack of standard diagnostic criteria for recognition 
of hypoglycemia and dementia is a major limitation. 
Inter-clinician, inter-hospital, and inter-study variabil-
ity in diagnosis could heavily skew the study outcomes. 
Thirdly, the variables adjusted in each study were, expect-
edly, not coherent. It is plausible that potential known 
and some unknown confounding variables could have 
affected the outcomes of the studies. Fourthly, the base-
line risk of dementia can vary with different anti-diabetic 
medications [33]. The impact of different anti-diabetic 
medications on the risk of dementia was not adjusted 
by all included studies. Fifthly, only a limited number of 
studies assessed the risk of dementia in type 1 DM. This 
makes it impossible to evaluate if intrinsic characteristics 
of the pathophysiology of the disease is associated with 
greater or lesser risk of dementia. Sixthly, our review was 
restricted to only dementia and did not include patients 
classified with milder cognitive disorders, like mild cog-
nitive impairment. Lastly, the included studies were from 
a limited number of countries which just three studies on 
the Asian population. This limits the generalizability of 
our results.

The strengths of our study include the large data pooled 
for the meta-analysis. Only adjusted data was pooled in 
our study to avoid the impact of known confounders. The 
stability of the results on sensitivity and several subgroup 
analyses add to the credibility of our study. The results 
of our review have important clinical implications con-
sidering the large number of patients who suffer from 
hypoglycemic episodes every year. We believe, diabe-
tologists should dissuade themselves from target-based 
glucose-lowering which could result in a one-size-fits-all 
approach and result in adverse events. Variability of glu-
cose levels arising due to age-related physiologic changes 
and polypharmacy should be taken into account while 
prescribing glucose-lowering medications, especially 
in older patients. Furthermore, there exists a recipro-
cal association between hypoglycemia and dementia [5], 
wherein hypoglycemia increases the risk of dementia, 
and dementia in turn increases the risk of hypoglycemia 

due to difficulty in managing complex DM treatment reg-
imens. Therefore, every effort should be made to balance 
the benefit of glucose-lowering with the risk of hypogly-
cemia and avoid a vicious cycle of hypoglycemia-demen-
tia amongst older diabetic patients.

Conclusions
Evidence from observational studies suggests that prior 
hypoglycemic events lead to a 44% increased risk of 
dementia amongst diabetic patients. Further research 
should focus on the lower level of plasma glucose which 
significantly increases the burden of dementia. Stud-
ies should also focus on whether the risk of dementia 
increases with the number of hypoglycemic events.

Abbreviation
DM: Diabetes mellitus.
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