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Abstract

Background—Type 2 diabetes (T2D) is associated with increased risk of dementia. The 

prospective longitudinal Israel Diabetes and Cognitive Decline study aims at identifying T2D-

related characteristics associated with cognitive decline.

Methods—Subjects are population-based T2D 65+, initially cognitively intact. Medical 

conditions, blood examinations, and medication use data are since 1998; cognitive, functional, 

demographic, psychiatric, DNA, and inflammatory marker study assessments were conducted 

every 18 months. Because the duration of T2D reflects its chronicity and implications, we 

compared short (0–4.99 years), moderate (5–9.99), and long (10+) duration for the first 897 

subjects.

Results—The long duration group used more T2D medications, had higher glucose, lower 

glomerular filtration rate, slower walking speed, and poorer cognitive functioning. Duration was 

not associated with most medical, blood, urine, and vital characteristics.

Conclusions—Tracking cognition, with face-to-face evaluations, exploiting 15 years of 

historical detailed computerized, easily accessible, and validated T2D-related characteristics may 

provide novel insights into T2D-related dementia.
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1. Introduction

Type 2 diabetes (T2D) has been consistently associated with increased risks for dementia 

[1–3], mild cognitive impairment (MCI) [4], and cognitive decline [5–7]. T2D or impaired 

fasting glucose might be present in up to 80% of patients with Alzheimer's disease (AD) [8]. 

The metabolic syndrome, which commonly precedes the development of frank T2D, has 

been associated with dementia, both AD and vascular dementia [9]. A systematic review of 

the effect of diabetes on dementia and cognitive decline concluded that these should be 

considered consequences and disabling manifestations of diabetes [10]. Despite the ever-

growing prevalence of both diabetes and dementia, few studies have investigated more 

specific determinants of risk for cognitive decline in diabetic individuals [11]. T2D is a 

complex metabolic disorder that is closely associated with other risk factors for dementia, 

such as age and hypertension [12,13]. These risk factors, together with diabetes-specific 

characteristics (e.g. age of onset, glycemic control, use of specific antidiabetes medications), 

demographic and socio-economic factors, and genetic factors, might be important 

determinants of the increased risk of cognitive decline in individuals with T2D [14].

The objective of the prospective longitudinal Israel Diabetes and Cognitive Decline (IDCD) 

study is to identify specific modifiable (e.g. glycemic control) and nonmodifiable (e.g. 

genes) characteristics of T2D that increase the risk of cognitive decline and dementia. 

Current interventions to treat dementia and AD, and MCI, have been of limited 

effectiveness. The investigation of modifiable risk factors could provide primary prevention 

for individuals at risk. In addition, the identification of specific risk factors within T2D that 

increase the risk for cognitive compromise may help to focus on underlying mechanisms, 

and support better design of clinical trials, such as in the area of pharmacogenomics. Finally, 

in the light of relationships of insulin [15], glycemic control [16], hypertension [12], and 

other diabetes-related characteristics with dementia risk in non-T2D individuals, discoveries 

from the IDCD study may not only be pertinent to T2D per se, but may generalize to all 

elderly. The overall hypotheses of the IDCD study are that glycemic control is a key factor 

and that not only it will be associated with cognitive decline, it will also modulate 

relationships of several other risk factors (such as the duration of disease [17] and 

inflammation [18]) with cognition, such that relationships will be stronger with poorer levels 

of glycemic control. Because T2D is associated with both neurodegenerative and vascular 

brain abnormalities [19], we hypothesize that both episodic memory (affected early in the 

course of AD) and executive functions and working memory (affected by cerebrovascular 

disease) will be associated with the risk factors.

In this article, we describe the design of the IDCD study, and the baseline characteristics of 

the first 897 eligible subjects who have completed their baseline evaluation. The study has 

enrolled thus far 1288 subjects of whom 8.5% refused to continue after signing the informed 

consent form and 21.9% were excluded by eligibility criteria (see Figure 1). Because the 

duration of T2D reflects the chronicity of the disease and its implications, we compared 

short (0–4.99 years), moderate (5–9.99), and long (10+) duration on a rich trove of 

prospective historical risk factor data.
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2. Methods

2.1. Overview

The IDCD study is a collaboration between the Mount Sinai School of Medicine, NY, the 

Sheba Medical Center, Israel, and the Maccabi Healthcare Services (MHS), Israel. Medical 

care in Israel is provided by four Preferred-Provider Organizations (PPOs). Membership is 

compulsory for all Israeli citizens and therefore represents all sectors in the general 

population. Patients are free to move between the PPOs. Despite this, only 2% move per 

year. Copayment medication costs for patients are capped at ∼ $80 per month, whereas 

laboratory tests are without charge. All PPO physicians use a computerized medical record 

exclusively for medical charting, and comprehensive and complete clinical data have been 

collected in central databases since 1995. Each patient has a unique and permanent identifier 

which is linked to all clinical and administrative data including medication purchases and 

laboratory results. Payments to the PPOs are made through the social security system. There 

is minimal loss to contact and prompt death notification. The MHS is the second largest of 

these PPOs, and insures a representative cross-section of two million residents. All MHS 

data sets are regularly, automatically backed up in an external facility. Laboratory tests and 

pharmacy purchases are subject to strict quality assurance.

2.2. Study cohort

The study was approved by the Institutional Review Board of Mount Sinai and the Helsinki 

committees of Sheba and MHS. The MHS covers approximately two million clients, of 

whom 185,533 have T2D (45,099 from the Tel-Aviv area, see Figure 1). Of those, 52,003 

are more than the age of 65 years (11,025 from the Tel-Aviv area). This demonstrates that 

the proportion of elderly T2D patients in the catchment area (24.4%) is very similar to its 

proportion in Israel as a whole (24.3%). Eligible participants were cognitively normal T2D 

patients, 65+ years old, from the approximately 11,000 T2D individuals in the MHS 

Diabetes Registry (described later) living in the area of Tel-Aviv, Israel (about 70 square 

miles; see Figure 1). Subjects were excluded if they had dementia or MCI, received 

cholinesterase inhibitors, or had major diseases that could affect cognitive performance. 

Only subjects with at least three HbA1c measurements were included. Finally, only subjects 

with an informant with substantial contact, and who spoke Hebrew well (to ensure valid 

cognitive testing) were eligible.

The MHS team screened the Diabetes Registry and the electronic patient record (EPR) to 

identify potential subjects, applying the exclusion criteria. After the identification of suitable 

subjects, letters were sent by MHS to the primary care physicians, asking for permission to 

contact each patient regarding the proposed study. If the doctors agreed, letters were sent to 

the patients briefly describing the study and saying they would be contacted by phone in the 

following 2 weeks. The study coordinator then called the patients and invited them to 

participate in the study, after determining that they were fluent in Hebrew and had a family 

member or caregiver whom they see at least 10 h per week who was willing to be a study 

informant. The social structure of Israel is such that most elderly individuals live with or 

near their extended family, so few were excluded for this reason. We attempted to identify a 
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second informant to be a replacement if necessary. Figure 2 depicts the flow of the study 

procedures.

Except as noted, all baseline assessments are repeated at each follow-up. Informed consent 

at every baseline and follow-up is signed by all subjects, who are assessed at their residences 

(except for a few who choose to be assessed at the Sheba Medical Center). Israeli Helsinki 

committees require that a physician obtains the informed consent if blood is to be drawn so 

subjects are visited twice. At the first visit a physician obtains informed consent and then 

performs medical, neurological, and psychiatric exams, as well as the blood draw. At the 

second visit, a neuropsychologist assesses subjects with a broad neuropsychological battery, 

the neuropsychiatric inventory, and the Clinical Dementia Rating scale.

In the context of a low education level for a substantial proportion of the sample, a 

multidisciplinary diagnostic consensus conference assesses cognitive status at every baseline 

and follow-up. The conference includes neurologists, psychiatrists, neuropsychologists, and 

research coordinators, with at least two professions represented. In this conference all 

medical, psychiatric and neurological data are discussed to arrive at a diagnosis. Subjects 

who are not cognitively normal at baseline are excluded from the study. Subjects who are 

demented at follow-up are not eligible for any more follow-ups. All other subjects are 

scheduled for a follow-up assessment 18 months later.

2.3. The MHS Diabetes Registry

The MHS diabetes registry collects data from the MHS EPR, central laboratory, and 

pharmacies. The registry was established in 1998 to facilitate disease management and to 

improve treatment. Entry criteria to the registry are any of the following: (1) HbA1c 

>7.25%, (2) Glucose >200 mg/dl on two examinations more than 3 months apart, (3) 

purchase of diabetic medication twice within 3 months, (4) diagnosis of T2D (International 

Classification of Diseases [ICD9] code) by a general practitioner, internist, endocrinologist, 

ophthalmologist, or diabetes advisor, supported by a HbA1c>6.5% or glucose>125 mg/dl 

within half a year. These criteria were initially validated by 20 physicians in MHS against 

their own practice records. There is an ongoing process of validation by which the 

physicians are encouraged to report on patients that in their opinion do not have diabetes. 

The register is updated on a daily basis. Additionally, age-specific prevalence rates were 

similar to those of a diabetes registry of another large PPO in Israel [20].

2.4. Demographics

Age, gender, years of education, primary profession, and country of birth are collected at the 

baseline visit.

2.5. Medical characteristics

2.5.1. Dementia status—To be eligible for the study, subjects must be cognitively 

normal at baseline by consensus conference, including a Clinical Dementia Rating scale [21] 

of zero (nondemented). The diagnosis of MCI is based on Petersen's criteria [22], AD by the 

National Institute of Neurological and Communicative Diseases and Stroke/Alzheimer's 

Disease and Related Disorders Association (NINCDS-ADRDA) new criteria [23], vascular 
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dementia by the National Institute of Neurological and Communicative Diseases and Stroke/

Association Internationale pour la Recherche et l'Enseignement en Neurosciences (NINDS-

AIREN) criteria [24], parkinsonism and Parkinson's disease by the CAPIT criteria [25], and 

the diagnosis of dementia of the Lewy Body type by the Report of the Consortium on 

Dementia with Lewy Bodies International Workshop [26].

2.5.2. Medical diagnoses—History of hypertension, hyperlipidemia, heart disease 

(myocardial infarction, angina pectoris), lung and eye disease, and hypothyroidism are 

extracted from the MHS EPR and the Maccabi Cardiovascular register [27]. For simplicity, 

we do not present diagnoses that have not been associated with cognitive compromise in the 

literature or that have a frequency less than 10% in this sample. Hypoglycemic episodes 

were self-reported; subjects were asked whether they have had such episodes, at what 

frequency, and whether they required hospitalization.

2.5.3. Blood and vital measurements—Longitudinal assessments from the MHS 

Diabetes Registry were averaged for each subject; vital signs included systolic and diastolic 

blood pressure measured on the left arm in a sitting position and oxygen saturation measured 

with a C202 Fingertip Pulse Oximeter. Blood measurements included glucose, HbA1c, total 

cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides, 

albumin, thyroid-stimulating hormone (TSH), free T4, creatinine, vitamin D, vitamin B12, 

and folic acid. Body mass index (BMI) is calculated by weight (kg)/[height (m)] [2], All 

measurements are obtained at baseline and each follow up.

2.6. Complications of diabetes

Macrovascular complications (heart disease including acute myocardial infarction and 

angina pectoris and peripheral vascular disease) are captured from the MHS cardiovascular 

register based on ICD9 codes; stroke was an exclusion criterion. Microvascular 

complications are best assessed by the rate of development of nephropathy. For this study 

we chose to assess nephropathy using laboratory data such as urinary microalbuminuria and 

glomerular filtration rate (calculated using the Modification of Diet in Renal Disease Study 

formula). Because the diagnosis of neuropathy in the community setting is usually made by 

subjective means, we did not include it in the present report. The diagnosis of retinopathy is 

based on ICD9 code.

2.7. Medications

Medication use data are also extracted from the EPR. For the sake of simplicity, we focus 

here on any recorded use of medications for T2D, which are classified as no medication, 

only noninsulin hypoglycemic medication, only insulin, and use of both insulin and 

hypoglycemic noninsulin medication. For the purposes of this report, subjects are 

categorized by having ever/never taken the medication. The medications included are 

insulin, metformin, rosiglitazone, glibenclamide, glyburide, exenatide, acarbose, liraglutide, 

and repaglinide.
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2.8. Functional assessments

Activities of daily living (ADL) are self-reported using the Barthel scale (eating, bathing, 

personal hygiene, dressing, bowel control, bladder control, toilet, transfer, walking, climbing 

stairs; a score of 100 reflects full independence [28]). Instrumental ADL is reported using 

the Lawton scale (using the phone, going to places, shopping, preparing meals, doing house 

work, doing the laundry, taking medications, doing financial chores; a score of 18 reflects 

full independence [29]). Subjective perception of health is compared with other peers (1 

very bad to 5 excellent). Gross motor activities (bending, lifting 5 kg, extending arms, 

walking 400 m, and doing house chores) are also rated in a standardized questionnaire [30]. 

We measured hand grip with a Sammons Preston Jamar plus dynamometer and the number 

of seconds taken to walk 3 m.

2.9. Cognitive and psychiatric measures

A broad neuropsychological assessment of 14 tests covers four domains: memory 

(Alzheimer's Disease Assessment Scale [ADAS] word list immediate recall, delayed recall, 

and recognition; Logical Memory immediate and delayed recall), attention/working memory 

(Diamond Cancellation, Digit Span forward and backward), executive functions (Trails 

Making Test A and B, Digit Symbol Substitution Test), and semantic categorization 

(Similarities, Letter and Animal Fluency). Composite measures of the four cognitive 

domains are calculated at baseline by converting each test score to a z-score and then 

summing the z-scores. For follow-up assessments, the baseline means and standard 

deviations will be used for conversion. An additional global cognition measure is calculated 

by summing the z-scores from all tests. The Mini-Mental State Examination (MMSE [31]) is 

also used to describe the sample. Depressive symptoms measured by the Geriatric 

Depression Scale [32]. Behavioral symptoms are assessed using the Neuropsychiatric 

inventory [33].

2.10. Biological specimens

At baseline and every follow-up blood samples are taken for DNA (for future genetic and 

epigenetic studies) and for inflammatory markers. DNA is extracted and frozen in −80°C 

and so far has been used for APOE, Haptoglobin, and TOMM40 genotyping according to 

established methods. The remainder is saved for future studies and collaborations. Serum is 

used to assess two inflammatory markers, C-reactive protein (CRP), and IL-6. Morning 

bloods are obtained after a 10-h fast, then centrifuged. Serum is stored at −80°C until 

determination. CRP levels are measured with a sandwich-type enzyme-linked 

immunosorbent assay in which polyclonal rabbit anti-CRP antibodies are used as capture 

antibodies and a biotinylated monoclonal antibody against CRP (CLB anti-CRP-2) is used 

as the detection antibody [34]. IL-6 is measured using a commercial solid phase immulite 

(Diagnostic Products Corporation, Los Angeles, CA, USA) [35].

2.11. Study timelines

The study began recruitment in January 2010. Baseline assessments were completed in 24 

months. The neuropsychologist assessment was performed after—but within 2 weeks of—

the physician assessment. The physician first administered the informed consent, then 
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confirmed eligibility criteria, collected demographic information, and assessed oxygen 

saturation, dynamometer, and the time to walk 3 m. Then a log of the current medications 

was filled and a psychiatric questionnaire was completed as were questions about falls. Then 

a neurological examination was performed. Lastly, blood draws were performed. The 

neuropsychologist first administered the MMSE, CDR, and then the neuropsychological 

testing in the following order: Logical Memory immediate recall, digit span forward and 

backward, category fluency, trail making test A, trail making test B, digit symbol, Boston 

naming test, logical memory delayed recall, ADAS-cog word list immediate recall, diamond 

cancellation, similarities, letter fluency, praxis, ADAS-cog word list delayed recall and 

recognition, geriatric depression scale, and neuropsychiatric inventory.

2.12. Postmortem assessment

Because it is possible that subjects will die with a degree of cognitive impairment that is 

different than in the last assessment, we will perform a postmortem CDR [36] with the 

primary caregiver which will be used in ancillary analyses.

2.13. Statistical analyses

In this article we describe the first 897 subjects of the IDCD cohort, categorized by years in 

the Diabetes Registry. This exploits the extraordinary breadth of long-term diabetes-related 

data that will be used to predict cognitive decline and dementia in this prospective 

longitudinal study. Subjects were categorized into three groups reflecting their time in the 

registry serving as a surrogate for duration of T2D, short (0–4.9 years), moderate (5.0–9.9 

years), and long (≥10 years). Comparisons among these groups for categorical variables 

used Pearson's chi-square or Fisher's exact test; comparisons for continuous variables 

measured once per subject used analysis of variance. Comparisons among the groups for 

continuous repeatedly measured variables that were normally distributed used linear mixed 

models with a compound symmetric correlation structure to account for the correlations 

among multiple measurements from a single subject [37]. For continuous repeatedly 

measured variables that were not normally distributed and that had large numbers of zeroes, 

representing a “floor” effect (e.g., TSH, folic acid), a Tobit mixed regression model was 

used to estimate geometric means and the within-subject and between-subject standard 

deviations [38]. Statistical analyses were performed using SAS Version 9.2 (SAS Institute 

Inc., Cary, NC, USA).

3. Results

Table 1 compares baseline characteristics of subjects categorized by the duration of T2D, 

based on years in the Diabetes Registry: short (N = 110; 12.3%), moderate (N = 353; 

39.4%), and long (N = 434; 48.4%).

3.1. Demographics

Subjects were approximately 72 years of age, they averaged 13 years of education (40% had 

less than 12 years of education), 18 laboratory visits, 9 years in the registry and 40% were 

women.
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Not surprisingly, the longer the duration of T2D, the older the subjects, and the more 

laboratory examinations; the proportion of men also increased. However, no differences 

were found between the groups in education. Excluded subjects and refusers were younger, 

had longer T2D duration, and received more insulin than participants, but did not differ 

substantially on other demographic or clinical characteristics.

3.2. Selected medical characteristics

Overall, patients with a longer duration of disease had higher rates of most medical 

diagnoses, especially for the group with a long duration of diabetes.

The groups did not differ significantly on hyperlipidemia, cardiac dysrhythmias, and acute 

myocardial infarction. The 10+ duration of disease group had significantly higher rates of 

severe hypoglycemic episodes requiring hospitalization.

3.3. Blood, urine, and vital measurements

The three groups of duration of disease did not differ in BMI, serum levels of inflammatory 

markers (CRP and IL-6), systolic blood pressure, total, HDL, LDL cholesterol, triglycerides, 

albumin, vitamin D, vitamin B12, folic acid, or free T4.

There were no differences in presence of the APOE4 allele or Haptoglobin22 genotype.

The groups differed in GFR and TSH levels with the moderate duration group having better 

(higher GFR and lower TSH) results than the other two groups; similarly, DBP was also 

higher in the moderate duration group. Glucose and creatinine levels, and urine 

microalbumin and albumin/creatinine ratio increased with the increasing duration of disease. 

Oxygen saturation levels and high total protein were higher in the long duration group.

3.4. MedicationsThe groups differed significantly in their diabetes-related medications

The percentage of subjects ever receiving both a hypoglycemic medication and insulin (not 

necessarily concomitantly) more than tripled in the 10+ duration group, whereas the 

percentage of those controlling diabetes through diet only, decreased from 23% in the 0 to 5 

years of duration group to 5% on the 10+ group.

3.5. Functional measurements

Speed of walking 3 m was slower in the long duration group.

The groups did not differ significantly in motor activities, ADL, instrumental activities of 

daily living, and hand grip.

3.6. Cognitive and psychiatric measures

The overall cognitive composite and three of the four cognitive domain composites 

deteriorated with the longer duration of disease; attention/working memory was worse for 

long duration than the other groups.

The MMSE was higher in the short duration group, but the groups did not differ in the 

number of depressive symptoms and in the subjective perception of health quality.
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Because most characteristics described previously are affected by age, and because age 

increased with the increasing duration of T2D, we repeated all comparisons adjusting for 

age. Results were essentially unchanged (data not shown).

4. Discussion

The IDCD study has recruited a cohort of T2D nondemented elderly, living in the central 

area of Israel, who have agreed to evaluations every 18 months. This article exploited the 

MHS computerized data to describe demographic, medical, laboratory, genetic, functional, 

cognitive, and psychiatric characteristics by duration of diabetes. The random recruitment of 

subjects is illustrated by a broad range of years of education, with 40% of the sample having 

12 years of education or less. Not surprisingly, the long duration group was older and had 

higher rates of several diagnoses (primarily diagnoses related to heart and renal disease and 

hypoglycemic episodes requiring hospitalization). These may reflect the growing severity of 

T2D with the longer duration of disease. Consistent with that, the long duration group had 

more subjects with the history of both insulin and noninsulin diabetes medications and less 

reliance on diet alone and had higher levels of glucose and lower levels of GFR. However, 

the longer duration of disease was not associated with most medical, blood, urine, and vital 

characteristics including lipid and vitamin profiles, possibly due to statin use and vitamin 

supplementation. In addition, functional measurements did not differ by the duration of 

disease except for the speed of walking. In contrast, cognitive functioning in specific 

domains and in an overall measure of cognition was consistently poorer with increasing 

length of disease.

We chose to present the raw results to facilitate comparability with other samples of T2D 

and non-T2D participants around the world. This was reinforced by finding that the 

adjustment for age did not affect the results whatsoever, suggesting that the characteristics 

that worsened with longer duration of disease were due to T2D per se rather than older age. 

Typically, macro (stroke, MI) and microvascular (nephropathy) complications of diabetes 

are considered the primary signals of increasing severity of T2D. Our results suggest that 

although the chronicity of T2D does not affect all medical and functional life of diabetic 

individuals, it is associated with the deterioration of a broader range of characteristics, 

beyond the classical complications of T2D, and seems to include quite consistently, 

cognitive compromise.

Several centers are conducting longitudinal studies of T2D subjects, but most have not 

focused on cognitive compromise as their primary outcome. For example, the Pima Indian 

Study [39] includes only Indian subjects, who have an especially low prevalence of cigarette 

smoking and a high prevalence of heavy alcohol use. The Wisconsin Epidemiologic Study 

of Cardiovascular Disease in Diabetes [40] included originally both type 1 and type 2 

diabetic subjects, but recently continues to follow only type 1 diabetic subjects, few of 

whom are elderly. Both studies do not have cognitive outcomes. The Nurses Health Study 

[41] has a large number of women with diabetes but the study collects data exclusively via 

postal surveys and subjects are geographically dispersed hindering face-to-face assessments. 

The Kaiser Permanente database infrastructure permits powerful investigations of an 

enormous number of T2D patients, but the cognitive outcomes are based on physicians' 
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entered ICD codes of the dementias [42]; face-to-face examinations are not available. The 

Edinburgh type 2 diabetes study [43] has many similarities with the IDCD study, including 

cognitive decline as one of the a priori defined outcome measures, providing an opportunity 

for future collaborations and comparisons. However, many of the diabetes-related 

characteristics were assessed only beginning at baseline, whereas the IDCD study provides 

historical diabetes characterization since 1998. In addition, the Edinburgh sample does not 

have the ethnic heterogeneity that is the consequence of a sample from Israel, with 

immigration from over 50 countries.

The primary aim of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) 

Memory in Diabetes Study was to test whether there was a difference in the rate of cognitive 

decline and structural brain change in patients with T2D treated with standard-care 

guidelines compared with those treated with intensive-care guidelines. Data from this 

ACCORD substudy on the possible beneficial or adverse effects of intensive treatment on 

cognitive function were obtained from a 30-min test battery, administered at baseline, 20-

month, and 40-month visits. In addition, full-brain magnetic resonance imaging was 

performed on a subsample at baseline, and at 40 months, to assess the relation between the 

ACCORD treatments and structural brain changes. Although significant differences in total 

brain volume favored the intensive treatment subjects, cognitive outcomes were not 

different. Combined with the nonsignificant effects on other ACCORD outcomes, and 

increased mortality in participants in the intensive treatment group [44], the ACCORD 

findings do not support the use of intensive therapy to reduce the adverse effects of T2D on 

the brain in patients with similar characteristics to those of ACCORD participants, who had 

a high HbA1c and a high risk for cardiovascular events [45]. The historical data on HbA1c 

of the IDCD study will permit examination in a broad range of T2D severities, of 

relationships of long-term variations in glycemic control—distinct from the average level of 

glycemic control—with cognitive outcomes.

The ability to track, with face-to-face evaluations, a sample of Israelis through the socialized 

medical service database provided by MHS (including centralized laboratories and 

pharmacies providing great consistency of procedures) is exceptional. Additionally, the 

availability of about 15 years of detailed computerized, easily accessible information on 

diabetes-related characteristics provided by the MHS diabetes registry is a rare asset. The 

availability of an average of 18 blood assessments permits examining patterns of biomarker 

changes over many years in relation to cognitive outcomes, providing an opportunity to 

investigate “real life” relationships of cognitive decline with patterns of change in long-term 

biomarkers.

The IDCD study has several limitations. The Registry does not provide specific age of onset 

and thus we rely on years in the Registry as a surrogate to duration of disease. Most 

characteristics of the sample are consistent with the overall characteristics of the elderly in 

the Diabetes Registry. However, women have tended to refuse to participate more frequently 

than men and the sample has 40% women rather than the expected 47%. Israel has a strong 

family oriented culture, so a major role in grandparenting has been the primary reason of 

refusal of women to participate in the study. Another limitation is the lack of neuroimaging, 

which could provide valuable information about the involvement of neurodegenerative and 
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cerebrovascular factors in the relationships of interest. Of note, subjects are to be referred to 

their physician at the MHS if they develop symptoms of dementia at follow-up, with 

neuroimaging studies to be performed by the MHS as clinically warranted. With subject 

permission, MHS will provide the study team with the neuroimaging results.

Results from the IDCD study may have a broad public health impact because its 

implications may be relevant to conditions preceding T2D, such as the metabolic syndrome. 

The IDCD study has a data sharing plan for all data, including DNA and serum, and wishes 

to broaden its collaborations. We see the IDCD study as a core on which several other 

studies can build upon. Epigenetic and nutritional studies building on this resource have 

begun.
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Research In Context

1. Systematic review: We searched PUBMED for literature, starting from the last 5 

years. “Type 2 diabetes”, “longitudinal”, “cognition/cognitive decline/

Alzheimer's disease/dementia” were the primary keywords.

2. Interpretation: Type 2 diabetes (T2D) is increasing epidemically in the Western 

world. T2D has been consistently associated with cognitive decline and 

dementia, contributing to the accelerating prevalence of dementia in the elderly. 

However, it is unclear what factors within T2D propel this enhanced risk. 

Studies using the Israel Diabetes and Cognitive Decline Study infrastructure 

investigate specific T2D-related characteristics and their patterns over time—

reflecting deleterious processes of T2D on the brain—that may affect cognitive 

decline and dementia.

3. Future directions: Identification of how T2D-related characteristics and their 

patterns over time affect cognitive outcomes may lead to interventions 

manipulating these characteristics to maintain healthy cognition in T2D 

individuals. Mechanisms underlying these relationships may pertain to cognitive 

decline in all elerly.
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Fig. 1. 
The Israel Diabetes and Cognitive Decline study- participants' recruitment catchment area.
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Fig. 2. 
Flow chart of study procedures.
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Table 1
Characteristics of the IDCD cohort by duration of T2D

Duration of disease (mean (SD) unless otherwise 
specified)

Short 0–4.99, N = 
110

Moderate 5–9.99, 
N = 353

Long 10+, N = 434 P-value*

Demographic characteristics

 Age, yr 70.5 (4.5) 71.6 (4.4) 72.7 (5.0) <.0005

 Sex, females (%) 52 41 38 .03†

 Education, yr 13.1 (3.7) 13.3 (3.5) 12.9 (3.5) .38

 No. of blood assessments 7.8 (4.5) 15.0 (6.6) 22.6 (9.6) <.0005

Medical characteristics and diagnoses

 Hypertension, % 83.6 82.4 89.5 .01

 Hyperlipidemia, % 91.8 92.6 91.3 .79

 Retinopathy, % 29.1 32.3 51.0 <.0005

 Cataract, % 54.6 65.7 71.1 .004

 Cardiac dysrhythmias, % 17.3 19.0 21.6 .48

 Peripheral vascular disease, % 8.2 15.0 21.4 .002

 Acute myocardial infarction, % 7.3 11.3 10.9 .47

 Angina pectoris, % 8.2 11.3 16.7 .02

 Chronic renal failure, % 9.1 8.2 14.3 .02

 Hypothyroidism, % 14.5 14.2 14.5 .99

 Hypoglycemia (w/hospitalization) % 0.9 0.9 3.3 .04†

Blood, urine, and vital measurements

 BMI, kg/m2 28.5 (4.2) 29.3 (11.4) 28.1 (4.3) .07

 CRP, μg/ml 1.4 (1.7) 1.2 (1.9) 1.3 (2.7) .83

 IL-6, pg/ml 2.9 (2.7) 2.9 (2.6) 3.0 (2.6) .85

 GFR, ml/min/1.73 m2 81.8 (24.1) 85.1 (27.0) 76.8 (25.5) <.0005

 HbA1c, % 6.6 (0.4) 6.6 (0.4) 7.1 (0.6) <.0005

 Oxygen saturation, mg/l 97.29 (1.16) 97.24 (1.30) 97.47 (1.05) .02

 Glucose, mg/dl 124.1 (16.3) 130.7 (17.8) 143.0 (21.0) <.0005

 Total cholesterol, mg/dl 175.4 (27.9) 176.7 (25.1) 176.7 (21.3) .90

 LDL, mg/dl 92.3 (23.7) 98.3 (18.8) 98.3 (16.6) .06

 HDL, mg/dl 48.1 (10.1) 47.8 (10.6) 47.6 (11.1) .88

 Triglycerides, mg/dl 158.2 (55.6) 153.8 (68.8) 155.6 (54.5) .81

 Albumin, g/dl 4.29 (0.19) 4.32 (0.19) 4.30 (0.19) .44

 Creatinine, mg/dl 0.91 (0.25) 0.98 (0.26) 1.01 (0.24) <.0005

 TSH, μIU/ml 2.84 (0.99) 2.35 (1.16) 2.63 (1.63) .01

 Vitamin D, ng/ml 22.1 (6.5) 21.5 (5.4) 22.0 (6.1) .69

 Vitamin B12, ng/ml 401.7 (86.2) 400.3 (95.8) 403.5 (89.4) .94

 Folic acid, μg/l 3.8 (2.1) 3.6 (1.7) 3.9 (1.9) .27

 Free T4, pmol/l 15.1 (2.9) 14.9 (2.5) 15.0 (1.7) .97

 APOE4 genotype carriers, % 14.3 15.2 14.8 .98†

 Haptoglobin 22 genotype carriers, % 46 47 50 .23†
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Duration of disease (mean (SD) unless otherwise 
specified)

Short 0–4.99, N = 
110

Moderate 5–9.99, 
N = 353

Long 10+, N = 434 P-value*

 Microalbumin (in urine, at least one measure higher 30 
mg/l) %

5 12 25 <.0005

 Total protein (in urine, at least one measure higher 140) 
mg/dl, %

7 9 21 <.0005

 Albumin/creatinine ratio (in urine, at least one measure 
higher 21 mg/mmol), %

31 40 44 .050

 SBP, mm Hg 164.2 (8.5) 166.3 (9.0) 165.7 (9.7) .08

 DBP, mm Hg 82.5 (14.1) 85.6 (15.6) 82.3 (13.2) .01

Diabetes medications

 No medications, % 23 17 5 <.0005†

 Noninsulin medications only, % 73 80 79

 Insulin only, % 0 1 1

 Noninsulin + insulin, % 4 2 15

Functional measurements

 ADL, % nonperfect Barthel 1.9 4.2 5.1 .37

 IADL, % nonperfect Lawton 18.1 22.8 25.2 .28

 Motor activities (score from 1–5) 1.5 (0.9) 1.5 (0.9) 1.5 (0.9) .91

 Speed of 3-m walk, seconds 4.2 (2.1) 4.2 (2.0) 4.8 (2.8) .003

 Hand grip, kg 26.7 (8.6) 29.2 (10.5) 27.9 (9.6) .06

Cognitive‡ and psychiatric measures

 MMSE 28.4 (1.5) 27.9 (1.9) 27.9 (1.8) .04

 Global cognition 1.7 (0.71) 0.87 (0.37) −1.07 (0.37) <.0005

 Memory 0.42 (0.22) 0.13 (0.11) −0.20 (0.11) .02

 Attention/working memory 0.10 (0.18) 0.22 (0.11) −0.19 (0.10) .03

 Executive functions 0.73 (0.27) 0.31 (0.15) −0.44 (0.15) <.0005

 Semantic categorization 0.44 (0.23) 0.19 (0.13) −0.24 (0.12) .01

 GDS 2.4 (2.3) 2.2 (2.3) 2.2 (2.3) .46

 Health quality 3.6 (1.0) 3.4 (1.1) 3.5 (1.0) .33

Abbreviations: BMI, body mass index; CRP, c-reactive protein; GFR, glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density 
lipoprotein; TSH, thyroid stimulating hormone; APOE, apolipoprotein E; SBP, systolic blood pressure; DBP, diastolic blood pressure; ADL, 
activities of daily living; IDL, instrumental activities of daily living; MMSE, Mini-Mental State Examination.

*
F-test P-value (analysis of variance), unless otherwise noted.

†
Chi [2] P-value.

‡
The cognitive outcomes, except for the MMSE, are presented as means and standard error of the mean (rather than standard deviation).
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