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What's new? 

 

 Type 2 diabetes in midlife (age 40–60 years) is associated with a greater risk of 

dementia in later life, although it is not clear at what age cognitive decrements begin 

to emerge.  

 We found that type 2 diabetes in midlife (age 52 ± 8 years) was associated with lower 

scores on tests of global and domain-specific cognition in comparison to healthy 

controls.  

 Our findings show that, even in midlife, type 2 diabetes is associated with lower 

scores on tests of cognitive function, which has important implications for the 

development of preventative interventions targeting those with type 2 diabetes 

 

Abstract 

Aims Midlife type 2 diabetes, particularly in those aged 40-60, is associated with the later 

development of cognitive impairment/dementia. However, it is currently unclear how early 

cognitive decrements can be first detected. Early identification of those most at-risk of later 

cognitive decline may have important implications for the development of potential 

preventative interventions.  

Methods We performed a cross-sectional study of middle-aged adults with uncomplicated 

type 2 diabetes and a cohort of healthy control participants. General cognition was assessed 

using the Montreal Cognitive Assessment test and neuropsychological assessment was 

undertaken using a detailed neuropsychological assessment battery.  

Results A total of 152 participants (102 with type 2 diabetes and 50 controls) were recruited 

(mean age 52 ± 8 years, 51% women).  Participants with midlife type 2 diabetes were more 

than twice as likely to make an error on the Montreal Cognitive Assessment test [incidence 
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rate ratio 2.44 (95% CI 1.54 to 3.87); P <0.001].  Further, type 2 diabetes was also associated 

with significantly lower memory composite score [β: –0.20 (95% CI –0.39 to  –0.01); P = 

0.04] and paired associates learning score [β: = –1.97 (95% CI –3.51, –0.43); P = 0.01] on 

the neuropsychological assessment battery following adjustment for age, sex, BMI, 

educational attainment and hypercholesterolaemia.   

 

Conclusions  Even in midlife, type 2 diabetes was associated with small but statistically 

significant cognitive decrements. These statistically significant decrements, whilst not 

clinically significant in terms of objective cognitive impairment, may have important 

implications in selecting out individuals most at risk of later cognitive decline for potential 

preventative interventions in midlife.  

 

Introduction 

Midlife type 2 diabetes is one of the greatest risk factors for the later development of 

dementia [1]. Whilst the cognitive effects of diabetes were first reported nearly 100 years 

ago, it was not until the first longitudinal studies came of age (such as the Rotterdam and 

Rochester studies) that the evidence surrounding this association began to accumulate [2,3]. 

More recent reports have found that midlife type 2 diabetes contributes nearly as much risk 

for dementia as the APOE genotype, the strongest genetic risk factor for dementia [4].  

 

Importantly, type 2 diabetes is only a strong risk factor for dementia when those affected by 

type 2 diabetes are middle-aged (in fact, after age 65 years, the type 2 diabetes–dementia 

association is much weaker) [5,6]. Whilst studies have shown the cognitive effects of midlife 

type 2 diabetes up to 20 years later, the particular age at which cognitive decrements begin to 

emerge in those with type 2 diabetes is less clear.  
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Only a handful of small studies have investigated the association between type 2 diabetes and 

cognitive function in midlife [7–13]. The few studies which have assessed cognition in 

midlife type 2 diabetes in those aged <60 years are limited by small sample sizes and 

between-study heterogeneity [7]. Thus, whilst it appears that type 2 diabetes may affect 

cognitive function across the lifespan, whether or not cognitive decrements are present in 

midlife type 2 diabetes remains to be fully elucidated. This may be particularly important in 

selecting out those at greatest risk of cognitive decline for multi-domain preventative 

interventions aimed at mitigating the later risk of cognitive decline [14,15]. Notably, there is 

a lack of potential preventative interventions aimed at those with midlife type 2 diabetes [16]. 

Knowledge of which individuals with midlife type 2 diabetes are most at risk is lacking, and 

understanding this may be crucial in the development and of such interventions. 

 

The Exploring Novel Biomarkers of Brain Health in Diabetes (ENBIND) study is a 

longitudinal cohort study of individuals with midlife type 2 diabetes free from any objective 

cognitive impairment or diabetes-related complications. In the present study, we analysed 

baseline data from ENBIND to examine if type 2 diabetes in midlife was associated with 

demonstrable cognitive decrements, both on validated tests of global cognition and detailed 

neuropsychological assessment.  

 

Methods 

Study design  

The ENBIND study is a longitudinal study of cognition in midlife type 2 diabetes. Middle-

aged adults with type 2 diabetes and healthy controls similar in age, sex and socio-economic 

status were recruited from a type 2 diabetes clinic located in a tertiary referral hospital 
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(Tallaght University Hospital) and by local advertisement within the same hospital in a 2:1 

ratio.  

Inclusion and exclusion criteria 

 

Participants aged 35–65 years with a diagnosis of type 2 diabetes were invited to participate 

at the time of routine outpatient appointment (study assessment occurred during a separate 

appointment).  Exclusion criteria included: established diagnosis of cognitive 

impairment/dementia, non-type 2 diabetes, known macrovascular (previous stroke, 

myocardial infarction, ischaemic heart disease, peripheral vascular disease) or microvascular 

(diabetic retinopathy, peripheral neuropathy, diabetic nephropathy) complications of type 2 

diabetes as per self-report or medical notes, active depression (within the past 6 months), 

diagnosed Diagnostic and Statistical Manual of Mental Disorders (DSM) Axis I psychiatric 

disorder or neurological disorder. We excluded individuals with another medical condition 

known to impact on cognitive function in addition to those with a significant 

musculoskeletal, cardiac or respiratory comorbidity.  

People with a score of <23 on the Montreal Cognitive Assessment (MoCA) test consistent 

with cognitive impairment, in addition to those with a score of ≥8 on the Centre for 

Epidemiological Scale 8 (CESD-8) consistent with an elevated risk of current depression, 

were excluded from participation in the study [17,18]. 

 

Health and diabetes assessment 

Each participant underwent full assessment, including comprehensive medical and type 2 

diabetes review by a research physician. Information collected included routine demographic 

information, medical history and daily medications. Hypertension was defined as history of 

known hypertension, being on anti-hypertensive medication, or seated clinic blood pressure 
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of  ≥140/90 mmHg, measured using an automated sphygmomanometer on a single occasion 

after a 5-min rest. Hyperlipidaemia was defined as history of hyperlipidaemia, being 

prescribed a statin (or other agent for dyslipidaemia) or total or LDL cholesterol above the 

local reference range.  

 

Additional information collected from those with type 2 diabetes included years since 

diagnosis, in addition to medications used for diabetes. Participants were assessed at the 

study visit for peripheral neuropathy by administration of the Diabetic Neuropathy Symptom 

Score (DNSS) [19] and standard neurological examination by the research physician. 

Individuals with evidence of peripheral neuropathy (examination/DNSS≥2) were excluded 

from further participation.  

 

Cognitive assessment  

All cognitive assessment was carried out in the same office under standardized assessment 

conditions. Participants with type 2 diabetes were asked to present to their research 

appointment following a standard meal and having checked their fingerprick blood glucose 

level, ensuring that readings were within the range 4.0–14.0 mmol/l prior to study 

participation. Assessment was performed by a trained research physician (fellow) with a 

clinical and research interest in early cognitive impairment and dementia.  

 

Montreal Cognitive Assessment test  

General cognitive function was assessed using the standardized MoCA test, which is a short 

assessment of cognitive function used both clinically and in population studies for the 

detection of cognitive impairment.  MoCA subdomains include: visuospatial/executive 

function, naming, attention, language, abstraction, delayed memory and orientation. A one-
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point adjustment is made for ≤12 years of formal education. Participants with a score of <23 

were excluded from the present study at the screening stage [17]. We calculated a total 

MoCA score from a possible 30, in addition to calculating the number of errors on the MoCA 

(30 – total MoCA score) for each participant.  

 

Neuropsychological assessment  

We used a custom study-specific battery created from the Cambridge Neuropsychological 

Assessment Battery (CANTAB) [20,21] consisting of the following six tests (60-min 

duration). 

(1) Paired associates learning. Participants memorize the locations of geometric patterns 

presented on screen, with levels of increasing difficulty. Performance assessed using 'first 

attempt memory score' (0–20), with lower scores indicating worse performance. 

(2) Spatial working memory: Participants memorize the location of 'tokens' on screen in order 

to find other hidden tokens. Performance is analysed using 'SWM Strategy' (2–12), with 

lower scores indicating worse performance. 

(3) Delayed pattern recognition. Participants memorize specific geometric patterns and are 

tested after a 20-min delay. Performance analysed as percentage correctly remembered, with 

lower scores indicating worse performance. 

(4) One Touch Stockings of Cambridge. Participants match patterns by moving coloured balls 

inside stockings in the minimum number of moves. Performance assessed using 'problems 

solved on first choice' (0–15), with lower scores indicating worse performance. 

(5) Rapid visual processing. Participants detect sequences of numbers amongst a rapidly 

changing series of digits. Performance measured as signal detection, ranging from 0.00 to 

1.00. Lower scores indicate worse performance.  
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(6) Reaction time task. This test is carried out using five coloured circles, assessing 

participants reaction time, in milliseconds. A greater number of milliseconds, representing a 

slower reaction time, indicates worse performance. 

 

We additionally created composite scores for the separate domains of neuropsychological 

function. For memory, we averaged the z-scores (computed for the cohort scores as a whole) 

for the paired associates learning, spatial working memory and delayed pattern recognition 

memory tests. For a composite score of executive function/attention, we averaged the z-

scores from the One Touch Stockings of Cambridge and the rapid visual processing tasks. 

For both composite z-scores, decreasing z-scores indicate lower scores.  

 

Statistical analysis 

All statistical analysis was performed using STATA v.15.0 (Stata Corp., College Station, TX, 

USA) with P values < 0.05 taken to indicate statistical significance. Descriptive statistics are 

reported as means ± SD, numbers (%) and medians with interquartile ranges (IQRs), as 

appropriate. Between-group differences were assessed using t-tests, chi-squared tests and 

Wilcoxon rank-sum tests, as appropriate.  For regression models, age (<45 years, 45–49.9 

years, 50–54.9 years, 55–55.9 years, >60 years) and BMI (< 25 kg/m2, 25–29.9 kg/m2, 30–

34.9 kg/m2, 35–39.9 kg/m2, ≥40 kg/m2) were divided into strata.  

 

We assessed the impact of type 2 diabetes on general cognition using Poisson regression, 

with the total number of errors on the MoCA test as the dependent variable (due to the strong 

left skew of the data) and study group (type 2 diabetes vs controls) as the dependent variable. 

We first tested the association unadjusted (Model 1), then adjusted for age, sex, BMI and 

education as above (Model 2). This was followed by further adjustment for hypertension and 
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hyperlipidaemia (Model 3). Covariates were selected based on known association with the 

dependent variable (cognitive function), independent variable (type 2 diabetes), or both. 

Results are reported as incidence rate ratios (IRRs), with corresponding 95% CIs and P 

values, which indicate the likelihood of error on the MoCA test in those with type 2 diabetes 

in comparison with controls. We further employed these models to assess for performance on 

the subdomains of the MoCA test (detailed above).  

 

To assess the effect of midlife type 2 diabetes on neuropsychological test performance, we 

used linear regression, given that our data were continuous and normally distributed. Again, 

the independent variable was type 2 diabetes status (in comparison to healthy controls) and 

the dependent variable was neuropsychological test score. We tested associations unadjusted 

(Model 1), then adjusted for important covariates (Model 2/3 as above). We examined 

residual vs fit plots and variance inflation factors post hoc to examine for multi-collinearity. 

Results are reported as effect size (β coefficient for type 2 diabetes) with appropriate 95% CI 

and P value. We also reported results of standardized β in order to enable wider comparison 

of our results.  

 

We re-ran the regression models (as above) only in those with type 2 diabetes with the 

following predictors added: diabetes duration (years), HbA1c (mmol/mol), diabetes treatment 

(metformin, sulfonureas, dipeptidyl peptidase-4 inhibitors, sodium-glucose co-transporter-2 

inhibitors, glucagon-like peptide-1 analogues, insulin, either alone or in combination). In the 

first instance each predictor was examined unadjusted, with adjustment subsequently made 

for important covariates (Models 2/3 as above).  
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Ethics 

Ethical approval for the study was obtained from the Tallaght–St James’s Joint Research 

Ethics Committee [reference: 2018/09/02 /2018-10 List 34(4)]. 

 

Results 

Participant characteristics 

After exclusion of a single participant (MoCA score <23), 102 participants with midlife type 

2 diabetes (age 53±8 years, 59% women) and 50 healthy controls (age 52±8 years, 47% 

women) were recruited (Table 1). BMI, prevalence of hypertension and prevalence of 

hyperlipidaemia significantly differed between those with type 2 diabetes and controls (all P 

<0.001; Table 1). The median (IQR) number of years since diagnosis in those with type 2 

diabetes was 6 (2–11) and the mean HbA1c was 61 ± 19 mmol/mol (7.7 ± 1.8%; Table 1).  

 

Midlife type 2 diabetes and general cognitive function  

All participants underwent a MoCA assessment and scored above the cut-off score of 23. As 

detailed above, given the skew of MoCA scores, the impact of type 2 diabetes on likelihood 

of error on the MoCA was analysed. Overall, type 2 diabetes was associated with a greater 

than twofold increased likelihood of error on the MoCA test under the unadjusted model 

[IRR  2.4 (95% CI 1.5–3.6); P < 0.001]. This association persisted on robust covariate 

adjustment (Models 2 and 3; Table 2). On analysing MoCA subdomains, type 2 diabetes was 

associated with greater likelihood of error on visuospatial/executive function [IRR 3.7 (95% 

CI 1.6–9.0); P = 0.003 adjusted, model 3], attention [IRR 6.6 (95% CI 1.5–28.8); P = 0.011 

adjusted, model 3] and delayed memory [IRR  1.6 (95% CI 1.0–2.3); P = 0.031 adjusted, 

model 3] domains. 
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Midlife type 2 diabetes and neuropsychological test performance 

Overall, 149 participants underwent complete neuropsychological assessment. One 

participant with type 2 diabetes opted to terminate testing early and for two participants with 

type 2 diabetes the delayed pattern memory task did not complete because of technical 

difficulties (assessment was available for the other 5/6 tasks). Results are given with 

appropriate effect sizes, P values, and standardized β values for type 2 diabetes in Table 3.  

 

Type 2 diabetes was associated with significantly lower scores in the 'memory' composite 

score under all three models [β: –0.21 (95% CI –0.42 to –0.01); P = 0.04; standardized β: --

0.19]. On analysis of individual tasks, type 2 diabetes was associated with lower scores on 

the paired associates learning task after adjustment under Models 2 [β: –1.97 (95% CI –3.51 

to –0.43); P = 0.01; standardized β: –0.21] and 3 [β: –2.21 (95% CI –3.86 to –0.55); P = 

0.01; standardized β: –0.24]. 

 

Type 2 diabetes-related variables and cognitive performance 

On analysing the association between type 2 diabetes-related variables and likelihood of error 

on the MoCA test, neither HbA1c, type 2 diabetes diagnosis duration (years) or type 2 

diabetes treatment were significantly associated with likelihood of error on the MoCA test or 

performance on the neuropsychological test battery.  

 

Discussion  

In the present study, midlife type 2 diabetes was associated with greater likelihood of error on 

an assessment of overall cognitive function in addition to lower scores on the memory 

domain of a detailed neuropsychological assessment battery. Our findings are particularly 
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striking given the fact that the study is one of the first to include such a young cohort of 

participants free from any diabetes-related complications.   

 

Whilst the greater likelihood of MoCA error seen in the present study was striking and 

survived robust adjustment for covariates, it is notable that we assessed a population free 

from any objective cognitive impairment. Similarly, we demonstrated small but significant 

differences in specific memory performance in type 2 diabetes. Such differences, whilst 

statistically significant, are slightly smaller than those observed in other studies, nearly all of 

which focused on older individuals (in addition to including those with diabetes-related 

complications) than the present study [22].  

 

The statistically significant differences observed, whilst not clinically significant in terms of 

objective cognitive impairment, may be part of the cognitive decrements noted in individuals 

with type 2 diabetes across the lifespan [23]. Understanding the longitudinal trajectories of 

these cognitive decrements may be crucial in selecting out those with type 2 diabetes most at 

risk of later cognitive decline. Such early decrements, which may not be clinically 

significant, may in fact act as a marker of those individuals at risk of later cognitive decline. 

The lack of clinically significant impairment in the present study may be reflective of the 

high-performing nature of the cohort under study in our analysis. Notably, our participants 

were young, had a high level of education, a short duration of diabetes and were free from 

diabetes-related complications.  

 

We demonstrated a significant effect of type 2 diabetes on performance on the paired 

associates learning task, a task with significant working memory demands. This task is 

arguably the most demanding and performance has been linked to a variety of brain regions 
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including the prefrontal cortex, medial temporal cortex, hippocampus, parietal cortex, 

posterior cortical visual areas and the basal ganglia [24,25]. Performance on this task has 

previously been associated with metabolic control in older adults with type 2 diabetes [25]. In 

addition to later risk of cognitive impairment and accumulation of cerebrospinal fluid 

biomarkers of Alzheimer’s disease [21].  

 

Notably, structural neuroimaging studies in type 2 diabetes have demonstrated a reduced 

volume in the hippocampus, basal ganglia, and the cortex, including the medial temporal lobe 

[26,27], the same areas targeted by the paired associates learning task. The relationship 

between regional brain volumes in structural neuroimaging studies conducted in those with 

midlife type 2 diabetes is an important consideration for future research. However, at present, 

our findings echo previous structural neuroimaging research implicating brain regions such as 

the medial temporal lobe, basal ganglia and hippocampus in type 2 diabetes. The longitudinal 

consequences of these associations are worthy of further study.   

 

The cognitive complications of type 2 diabetes are typically underappreciated in comparison 

to other diabetes-related complications [28]. Increasing awareness may be particularly 

important in diabetes self-management, where future approaches may involve the use of self-

administered computerized assessment batteries. However, such assessment must also take 

into account that most individuals with midlife type 2 diabetes will not develop cognitive 

impairment and care must be taken to avoid additional psychological burden. Even in the 

present study, the size of cognitive decrements are small, and little is known about the 

longitudinal consequences of such decrements. Further studies are required to track the exact 

trajectories of these decrements in order to identify an optimal frequency (e.g. annual or bi-

annual), the specific composition and the setting of cognitive screening in type 2 diabetes. 
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Whilst current guidelines [29] propose annual screening in older adults, the optimal screening 

approach for midlife type 2 diabetes is yet to be clarified.  

 

We observed no association between type 2 diabetes and neuropsychological measures of 

executive function. Such findings may be surprising given previous studies demonstrating an 

effect of type 2 diabetes in midlife on executive function [22,23]. Whilst our findings may be 

explained by the nature of our cohort, it may also be that the tests of executive function were 

not sufficiently extensive to demonstrate such a deficit. Whilst our battery was custom-

designed to balance tolerability/test duration and specific domains implicated in type 2 

diabetes, a more extensive neuropsychological battery may have yielded differing results.  

 

An important limitation of the present study is its cross-sectional nature. Future follow-up 

waves of ENBIND will clarify the impact of midlife type 2 diabetes on later cognitive 

decline. Finally, we must also acknowledge that whilst the study was conducted in samples 

matched for educational attainment, premorbid IQ may have influenced cognitive 

performance. By examining this cohort longitudinally, we aim to provide long-term 

assessment of people with type 2 diabetes in midlife to examine the impact of these cognitive 

decrements on later cognitive decline.  

 

In conclusion, we report that type 2 diabetes in midlife, even in those with uncomplicated 

type 2 diabetes, is associated with subtle cognitive decrements in overall/domain-specific 

cognitive function. Our findings add novel insight into the relationship between type 2 

diabetes and cognitive function in midlife, during the exact window when type 2 diabetes is 

acting as a risk factor for later cognitive decline and dementia. Further understanding of such 
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decrements may be important in selecting out those most at risk of later cognitive decline for 

potential preventative interventions.  
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Table 1 Baseline characteristics of ENBIND participants, presented by study group with 

appropriate univariate analysis 

 

Characteristic Midlife type 2 diabetes  

(n = 102) 

Healthy controls  

(n = 50) 

P 

Age, years 53 ± 8 52 ± 8 0.59 

Women, n (%) 47 (47) 29 (59) 0.15 

Educational attainment, n 

(%) 

        Primary  

        Secondary  

        Tertiary 

 

13    (13) 

71    (70) 

18    (18) 

 

3    (6.0) 

36  (72) 

11  (22) 

0.40 

BMI, kg/m2 32.3 ± 7.7 26.6 ± 3.3 <0.001 

Family history of 

dementia, n (%) 

23 (23) 13 (26) 0.52 

Hypertension, n (%) 55 (54) 6 (12) <0.001 

Hyperlipidaemia, n (%) 62 (61) 4 (8.0)  <0.001 

HbA1c, mmol/mol 

HbA1c, %  

61 ± 19 

7.7 ± 1.8 

37 ± 3 

5.5 ± 0.3 

<0.001 

<0.001 

No. of daily medications 4 (2–5) 0 (0–1) <0.001 

Diagnosis duration, years 6 (2–11) - - 

Diabetes treatment, n (%)  

Metformin 

         Alone 

        Combination 

Glicazide 

        Alone 

       Combination 

DPP-4 inhibitors  

 

 

27 (27) 

41 (40) 

 

2 (2.0) 

15 (15) 

 

- - 
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        Alone 

       Combination 

SGLT2 inhibitors  

       Alone 

       Combination 

GLP-1 analogues  

       Alone 

      Combination 

Insulin  

      Alone 

      Combination 

No diabetes medication 

0 (0) 

17 (17) 

 

0 

10 (10) 

 

3 (2.9) 

21 (24) 

 

2 (2.0) 

6 (6.0) 

2 (2.0) 

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT2, sodium-glucose co-transporter-2. 

Data are presented as means ± SD or medians (interquartile ranges), unless otherwise indicated.  
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Table 2 Greater likelihood of error on the Montreal Cognitive Assessment in those with type 

2 diabetes  

Independent variable IRR (95% CI)  P IRR (95% CI) P IRR (95% CI) P 

 Model 1 

(unadjusted) 

 Model 2 

(adjusted) 

 Model 3 

(adjusted) 

 

Type 2 diabetes  2.37 (1.53, 3.64) <0.001 2.44 (1.54, 

3.87) 

<0.001 2.09 (1.49,  

2.93) 

<0.001 

Age (years)   1.21 (1.07, 

1.37) 

0.002 1.13 (1.03, 

1.23) 

0.008 

Sex   0.83 (0.60, 

1.13) 

0.233 0.89 (0.70, 

1.14) 

0.369 

Education 

      Primary 

      Secondary 

      Tertiary 

   

1.00 

(Reference) 

0.66 (0.48, 

0.92) 

0.47 (0.30, 

0.76) 

 

 

0.013 

0.002 

 

1 (Reference) 

0.67 (0.46, 

0.99) 

0.50 (0.30, 

0.86) 

 

 

0.046 

0.012 

BMI (kg/m2)   0.98 (0.95, 

1.00) 

0.076 0.97 (0.88, 

1.07) 

0.595 

Hypertension     0.85 (0.60, 

1.20) 

0.355 

Hyperlipidaemia     1.16 (0.83, 

1.65) 

0.383 

IRR, incidence rate ratio.  

Poisson regression was used to assess associations with likelihood of error on the Montreal Cognitive 

Assessment (MoCA) test. Under both unadjusted and adjusted models type 2 diabetes mellitus was associated 

with greater likelihood of error on the MoCA test. Associations were tested unadjusted (Model 1), followed by 

adjustment for age, sex, education, BMI (Model 2) and further adjustment for hypertension and hyperlipidaemia 

(Model 3). 
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Table 3 Performance on the Cambridge Neuropsychological Assessment Battery 

Domain/test Type 2 

diabetes  

(n = 100) 

Controls 

(n = 49) 

β (95% CI) 

for type 2 

diabetes  

Standardized 

β  for type 2 

diabetes  

P β (95% CI) 

for type 2 

diabetes 

Mellitus  

Standardized 

β  for type 2 

diabetes  

P β (95% CI) 

for type 2 

diabetes 

Standardized 

β for type 2 

diabetes  

P 

   Model 1  

(unadjusted) 

  Model 2 

(adjusted) 

  Model 3 

(adjusted) 

  

Memory (z-score) –0.05 ± 

1.51 

0.14 ± 0.54 –0.19  

(–0.37, –

0.01) 

–0.17 0.04 –0.20  

(–0.39, 

0.01) 

–0.18 0.04 –0.21  

(–0.42, –

0.01) 

–0.19 0.04 

            

Paired associates 

learning  

(1st attempt memory 

score) 

10.29 ± 

4.52 

11.63 ± 

4.32 

–1.34  

(–2.88, 0.19) 

-0.15 0.08 –1.97  

(–3.51, 

0.43) 

–0.21 0.01 -2.21 

(-3.86, -

0.55) 

-0.24 0.01 

Spatial working memory  

(strategy score) 

8.53 ± 

2.50 

8.55 ± 2.93 –0.02  

(–0.93, 0.89) 

-0.00 0.97 0.36  

(–0.59, 

1.26) 

0.06 0.48 0.16  

(-0.21, 0.54) 

0.08 0.39 

Delayed pattern 77.95 ± 81.44 ± –3.48  -0.11 0.18 –4.08  –0.13 0.14 –0.34  –0.16 0.11 
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recognition  

(percentage correct) 

14.33 14.89 (–8.62, 1.66) (–9.57, 

1.41) 

(–0.75, 0.07) 

            

Executive 

function/attention  

(z-score) 

–0.04 ± 

0.08 

0.08 ± 0.86 –0.12  

(–0.41, 0.17) 

-0.07 0.43 –0.16  

(–0.47, 

0.15) 

-0.09 0.31 –0.22  

(–0.55, 0.11) 

–0.13 –0.19 

            

Stockings of Cambridge  

(problems solved on 1st 

choice) 

8.62 ± 

3.38 

9.27 ± 3.18 –0.64  

(–1.79, 0.50) 

-0.09 0.27 –0.74  

(–1.93, 

0.45) 

–0.10 0.22 –0.37  

(–0.66, 0.12) 

–0.13 0.17 

Rapid visual processing  

(signal detection) 

0.89 ± 

0.52 

0.89 ± 0.60 –0.00  

(–0.02, 0.02) 

-0.02 0.85 –0.00  

(–0.02, 

0.02) 

–0.03 0.78 –0.15  

(–0.56, 0.27) 

-0.07 0.49 

            

Reaction time task, ms  422.3 ± 

53.9 

409.5 ± 

45.2 

13.42  

(–4.3, 31.1) 

0.12 0.14 14.45  

(–4.8, 33.7) 

0.13 0.14 16.39  

(-4.3, 37.1) 

0.15 0.12 

Table summarizes performance of those with type 2 diabetes vs healthy controls. Linear regression model results are presented as β coefficients and corresponding 95% CI as 

well as standardized β values for effect of study group on test score. Associations were tested unadjusted (Model 1), then adjusted for age, sex, education, BMI (Model 2) 

with further adjustment for hypertension and hyperlipidaemia (Model 3). 
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