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Abstract

Introduction: It remains largely unknown whether prediabetes is related

to cognitive impairment in Parkinson’s disease (PD). This study aimed to

assess the association between prediabetes and cognitive function in PD

patients.

Methods: In this cross-sectional study, 262 PD patients (age, 69.8 ± 10.3 years;

Hoehn–Yahr stage, 2.3 ± 0.8) were classified into diabetes (glycated hemoglobin

[HbA1c] ≥6.5% or previously diagnosed, n = 76), prediabetes (5.7%–6.4%, n = 90),

or diabetes free (≤5.6%, n = 96) groups. Cognitive function was measured using the

Montreal Cognitive Assessment (MoCA) test.

Results: Both the diabetes and prediabetes groups had significantly lower MoCA

scores (17.0 ± 6.6 and 18.0 ± 6.1, respectively) than the diabetes free group

(20.0 ± 5.7), even after adjusting for potential confounders (p = .002 and p = .008,

respectively). In the combined group of prediabetes and diabetes free patients, higher

HbA1c levels significantly correlated with lower MoCA scores (p = .031). There was a

significant interaction of diabetes status with age, but not with the duration of PD, on

cognitive function.

Conclusion: In addition to diabetes, prediabetes may negatively affect cogni-

tive function in PD patients. Further prospective longitudinal studies are neces-

sary to clarify the impact of prediabetes on the cognitive trajectory of these

patients.
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1 INTRODUCTION

Cognitive impairment is a common and devastating non-motor symp-

tom of Parkinson’s disease (PD) (Aarsland et al., 2021). The prevalence

of this symptom increases as the disease progresses (Aarsland et al.,

2009; Hely et al., 2008). Previous longitudinal studies have shown that

mild cognitive deficits affect approximately 20% of patients with early
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PD (Aarsland et al., 2009), and more than 80% of patients with PD

developed dementia over 20 years (Hely et al., 2008). Cognitive impair-

ment is a well-known cause of significant functional disability and poor

health-related quality of life in PD patients (Aarsland et al., 2021).

A growing body of evidence suggests that type 2 diabetes is asso-

ciated with an increased risk for PD development (Chohan et al.,

2021; Komici et al., 2021; Rhee et al., 2020), accelerating disease
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TABLE 1 Baseline characteristics

Variables Total Diabetes Prediabetes Diabetes free pValue

Number of subjects 262 76 90 96 —

Age, years 69.8 (10.3) 71.1 (8.0) 69.2 (8.3) 69.8 (10.3) .397

Male sex, % 132 (50%) 43 (57%) 40 (44%) 49 (51%) .293

Age at PD onset, years 64.9 (9.2) 65.2 (8.6) 64.4 (8.4) 65.2 (10.3) .810

PD duration, years 5.1 (4.7) 5.9 (5.4) 4.8 (4.5) 4.7 (4.4) .174

Educational level, years 9.8 (5.5) 9.2 (6.3) 9.2 (5.2) 10.8 (5.1) .092

Hoehn and Yahr stage 2.3 (0.8) 2.5 (0.8) 2.3 (0.8) 2.3 (0.7) .126

LEDD, mg 521.7 (337.0) 568.6 (377.4) 498.9 (316.0) 505.9 (321.6) .351

HbA1c level, % 6.0 (0.8) 6.8 (0.9) 6.0 (0.3) 5.4 (0.2) <.001

Note: Data are presented as n (%) or mean (standard deviation).

Abbreviations: HbA1c, glycated hemoglobin; LEDD, levodopa equivalent daily dose; PD, Parkinson’s disease.

progression, including motor and cognitive impairment (Chohan et al.,

2021; Komici et al., 2021; Pagano et al., 2018). Although the exact

mechanisms underlying the effect of diabetes in PD remain unclear,

patients with diabetes may be susceptible to damage of nigrostriatal

dopaminergic neurons, mainly due to accelerated accumulation of

α-synuclein associated with insulin resistance (Horvath & Wittung-

Stafshede, 2016).

Prediabetes is a high-risk state for developing diabetes (Tabák et al.,

2012). Emerging data provide insight into the mechanisms linking

prediabetes to faster cognitive decline in dementia-free older adults

(Marseglia et al., 2019; Sundermann et al., 2021). Recent epidemio-

logical studies have found that prediabetes is also a risk factor for

subsequent PD development (Rhee et al., 2020; Sánchez-Gómez et al.,

2021). Furthermore, high non-diabetic glycated hemoglobin (HbA1c)

levels were reportedly linked to unfavorable motor outcomes in PD

patients (Markaki et al., 2021). However, it remains largely unknown

whether prediabetes is related to cognitive impairment in PD. There-

fore, themain aim of this studywas to explore the association between

prediabetes and cognitive function in PD patients.

2 MATERIALS AND METHODS

2.1 Participants and clinical assessment

We retrospectively reviewed the medical records of PD patients who

visited the Department of Neurology at Inha University Hospital

between January 2020 and December 2021. Our general protocol

for the assessment of PD in the outpatient clinic includes using the

Hoehn–Yahr (H&Y) stage to evaluate motor severity, the Korean ver-

sion of the Montreal Cognitive Assessment (MoCA) test to evaluate

overall cognitive function, and laboratory tests includingHbA1c. These

measurements are generally performed without discontinuation of

antiparkinsonian medications at the first visit and annually thereafter.

For this study, we considered PD patients who underwent both the

MoCA and HbA1c tests within a period of 1 month. PD diagnosis was

based on theUnited KingdomPDBrain Bank criteria.We used the first

available MoCA scores and HbA1c measurement from the period dur-

ing which follow-up data existed. Patients were excluded if they were

atH&Y stage 5 or if they had a history of stroke or severewhite-matter

changes (grade III) (Fazekas et al., 1987). They were then categorized

into three groups according to the American Diabetes Association cri-

teria for the diagnosis of diabetes: diabetes group (HbA1c ≥ 6.5%),

prediabetes group (5.7%−6.4%), and diabetes free group (≤ 5.6%)

(AmericanDiabetes, 2010). Patients who had been diagnosedwith dia-

betes (self-reported clinician-diagnosed diabetes) were classified into

the diabetes group, irrespective of the HbA1c level. We also collected

data on age, sex, age at PD onset, PD duration, educational level, and

levodopa daily equivalent dose (LEDD) for all included patients.

The study design was approved by the Institutional Review Board

of Inha University Hospital (2022-05-025), and the need for obtaining

informed consent was waived due to the retrospective nature of the

study.

2.2 Statistical analysis

Statistical analyses were performed using R version 4.0.1 (R Foun-

dation for Statistical Computing, Vienna, Austria). We conducted the

Shapiro–Wilk test to test the normality of the data. Data are pre-

sented as mean, standard deviation, and frequency. Demographic

and clinical characteristics were compared using one-way analysis

of variance, Kruskal–Wallis test, or chi-square test, as appropriate.

Scores on the MoCA were compared using analysis of covariance

(ANCOVA), adjusted for age, sex, PD duration, educational level,

H&Y stage, and LEDD. The correlation between HbA1c levels and

MoCA scores was assessed using Pearson’s correlation coefficient.

In this analysis, we excluded the diabetes group, considering that

anti-diabetic drugs can affect HbA1c levels. We used linear regres-

sion models to evaluate the interactive associations of diabetes status

with age and PD duration. The covariate terms in these models were

identical to those applied in the ANCOVA. All p values were two-

sided, and a p value of less than .05 was considered statistically

significant.
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F IGURE 1 Association ofMoCA scores with diabetes status in patients with PD. (a) The boxes represent interquartile ranges, with the
horizontal line in each box representing themedian and the whiskers showing theminimum andmaximum values (excluding outliers that were
more than 1.5 times the values represented at each end of the box). The grey circles represent themean values. (b) Linear correlation between
MoCA scores andHbA1c levels in non-diabetic patients with PD. The size of the plotted symbol is proportional to the number of observations. (c,d)
Interactive associations ofMoCA scores with age (c) and disease duration (d). Shaded regions indicate 95% confidence intervals. HbA1c, glycated
hemoglobin; MoCA,Montreal Cognitive Assessment; PD, Parkinson’s disease

3 RESULTS

A total of 262 PDpatientswere included. Themean age andH&Y stage

of the patients were 69.8 ± 10.3 years and 2.3 ± 0.8, respectively,

and 132 (50%) were men. Further, 76 of them (29%) had diabetes, 90

(34%) had prediabetes, and 96 (37%) were diabetes free. The base-

line characteristics of each group are summarized in Table 1. There

were no significant differences between the groups regarding age at

enrollment, sex, age at PD onset, PD duration, educational level, H&Y

stage, or LEDD. The mean HbA1c levels were 6.8 ± 0.9% in the dia-

betes group, 6.0± 0.3% in the prediabetes group, and 5.4± 0.2% in the

diabetes free group.

The MoCA scores in the diabetes, prediabetes, and diabetes free

groups were 17.0 ± 6.6, 18.0 ± 6.1, and 20.0 ± 5.7, respectively. After

adjusting for covariates, we found that both the diabetes and predia-

betes groups had significantly lower MoCA scores than the diabetes

free group (p = .002 and p = .008, respectively), although there was a

considerable overlap in the scores between the three groups (shown
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in Figure 1a). Performance on the MoCA test did not differ signifi-

cantly between the diabetes and prediabetes groups (p = .891). Next,

we examined the correlation between HbA1c levels andMoCA scores,

regardless of the disease state. Higher HbA1c levels were correlated

with lower MoCA scores in the prediabetes and diabetes free groups

(R=−.16, p= .031) (shown in Figure 1b).

In the linear regressionmodels adjusted for covariates, the diabetes

group had a steeper rate of cognitive decline with aging than the dia-

betes free group (p = .022) (shown in Figure 1c). Similarly, the rate

of cognitive decline tended to be steeper with age in the prediabetes

group compared to the diabetes free group, although the difference

was not statistically significant (p = .065). There were no significant

interactive effects between diabetes status and the duration of PD

shown in Figure 1d.

4 DISCUSSION

The main finding of this study is that, besides diabetes, prediabetes

was associated with poorer cognitive function in PD patients, even

after adjusting for multiple confounding factors. This observation was

supported by a significant negative correlation between HbA1c levels

and cognitive performance in PD patients without diabetes. However,

the difference in MoCA scores according to diabetes status was mod-

est, indicating that the difference was statistically significant but may

not be clinically meaningful. Notably, the impact of diabetes status on

cognition was influenced by age, but not PD duration.

There are several possible explanations for the association between

hyperglycemia and lower cognitive performance in PD patients. It has

been suggested that insulin resistance, a prominent common feature

of diabetes and prediabetes, not only results in elevation of islet amy-

loid polypeptide, but also inhibits insulin-degrading enzymes (Cheong

et al., 2020; Horvath & Wittung-Stafshede, 2016). A growing body

of evidence suggests that these changes can promote nigrostriatal

dopaminergic degeneration and the aggregation of corticalα-synuclein
(Morris et al., 2011; Sun et al., 2020), which may have contributed

to the observed findings. Additionally, both diabetes and prediabetes

have been reported to cause oxidative stress and enhanced neu-

roinflammation (Luc et al., 2019), which are regarded as underlying

pathomechanisms in PD dementia (Aarsland et al., 2021). Although

there was no significant interaction between prediabetes and PD

duration affecting cognition, we could not access data regarding the

duration of prediabetes in this cross-sectional dataset, and thus, their

interaction still remains unclear. However, we did not find a signifi-

cant interaction between diabetes and PD duration as well. Given that

diabetes is generally preceded by a long period of prediabetic status

(Tabák et al., 2012), the above PD-specific explanations may not be

supported, at least for patients in the prediabetic group. Furthermore,

therewere no differences inH&Y stage and LEDDbetween the groups,

suggesting that the impact of nigrostriatal dopaminergic pathway is

less likely to be significant in our findings.

Alternatively, it is possible that mechanisms that cause prediabetes

to negatively affect cognitive functions are not PD-specific, as sug-

gestedbyour finding that the relationship betweendiabetes status and

cognitive function is affected by age itself. In this context, one plau-

sible explanation is that age-related Alzheimer’s pathologies, mainly

characterized by the deposition of amyloid and tau in the brain, are

accelerated via hyperglycemic status (Ramos-Rodriguez et al., 2017).

Moreover, it is known that the presence of diabetes and prediabetes

provokes microstructural white matter abnormalities (Marseglia et al.,

2019), and these abnormalities are linked to worse cognitive function

in PD patients (Aarsland et al., 2021).

The present study has some limitations. First, because this study

was designed to be cross-sectional, we collected data at a single

point in time and, therefore, could not determine the causality of

cognitive impairment related to prediabetes. Second, although some

anti-diabetic drugs, particularly metformin and glucagon-like peptide-

1 receptor agonists, may have beneficial effects on cognitive function

in PD patients (Chen et al., 2021), we could not access each patient’s

medications in the diabetes group due to lack of data. Thus, the effect

of diabetes on cognition in our dataset may have been underesti-

mated. Nevertheless, our results show that the presence of predia-

betes and diabetes may negatively influence cognitive function in PD

patients. Further prospective longitudinal studies are warranted to

clarify the impact of prediabetes on the cognitive trajectory of these

patients.
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