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Abstract

Objective—Retinopathy impacts over one-third of those with diabetes mellitus and is associated 

with impaired cognitive performance and cerebrovascular lesions in middle-aged adults with type1 

diabetes. However, the association between diabetic retinopathy (DR) and risk of dementia in type 

1 diabetes is unknown. We investigated the association between DR and incident dementia in a 

large, elderly population with type 1 diabetes.

Methods—A cohort of 3,742 patients with type 1 diabetes aged ≥50 was followed from 

01/01/1996–09/30/2015 for incident dementia. DR diagnoses were identified from electronic 

medical records. Age as timescale Cox proportional hazard models evaluated associations between 

time-updated DR and dementia risk. Models were adjusted for demographics, severe glycemic 

events, glycosylated hemoglobin, and complications of diabetes.

Results—Out of 3,742 patients with type 1 diabetes (47% female, 21% non-white), 182 (5%) 

were diagnosed with dementia during a mean follow-up of 6.2 years. No significant association 

was found between DR and incident dementia in the main analyses (aHR=1.12, 95% CI 0.82–

1.54), nor among subgroup restricted to those aged ≥ 60 or ≥ 70 years.

Corresponding author: Rachel A. Whitmer, PhD, Kaiser Permanente Division of Research, 2000 Broadway, Oakland, CA 94612, 
USA, Rachel.Whitmer@kp.org, Phone: (510) 891-3461. 

Conflicts of Interest: No conflicts of interest reported.

HHS Public Access
Author manuscript
Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2019 April 01.

Published in final edited form as:
Alzheimer Dis Assoc Disord. 2018 ; 32(2): 125–130. doi:10.1097/WAD.0000000000000230.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion—DR was not associated with risk of dementia, suggesting that pathophysiological 

processes underlying dementia may be different in type 1 versus type 2 diabetes.
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Introduction

Advances in medical care have allowed patients with T1D to reach higher ages than ever 

before by preventing or delaying severe complications.1 Unfortunately, the increase in 

longevity provides new challenges. Recent studies have indicated that patients with T1D 

may be at increased risk for dementia.2–4 This is concerning, since T1D treatment relies 

heavily on the patients’ cognitive abilities, and treatment mistakes could potentially be fatal. 

As there is currently no curative treatment for dementia, exploration of potentially 

modifiable risk factors is imperative towards better clinical care and preventative measures.

Diabetic retinopathy impacts more than 33% of adult individuals with type 1 diabetes.5 In 

diabetic retinopathy, the retinal microvascular circulation is damaged by the effects of 

diabetes. Recently, the retinal microvasculature has been gaining interest as a possible in 

vivo marker of brain integrity because of the high correlation with the state of the cerebral 

microvasculature. Indeed, retinal and cerebral microvasculature have similar embryological 

origin, similar anatomical features and physiological properties. Furthermore, several studies 

have found a associations between retinal microvascular changes and dementia risk in the 

general population, and with poorer cognitive performance and cerebrovascular lesions in 

younger populations of type 1 diabetes.6

The hypothesis of DR being associated with increased dementia risk is supported by 

previous work in older patients with type 2 diabetes.7 However, data on type 2 diabetes 

cannot be extrapolated to type 1 diabetes since there are marked differences in disease 

origin, onset and treatment between type 1 and type 2 diabetes. To the best of our 

knowledge, determinants of a relationship between type 1 diabetes and clinically diagnosed 

dementia have not been studied before, thus it is currently completely unknown whether, and 

how, DR affects dementia risk in type 1 diabetes.

Exploring processes linking type 1 diabetes and dementia can aid in unraveling the 

pathogenesis of dementia and its relationship to diabetes. If microvascular changes or other 

pathophysiological processes involved in the development of DR significantly contribute to 

development of dementia in older patients with type 1 diabetes, the presence of diabetic 

retinopathy is expected to be associated with dementia in this cohort. Furthermore, if 

associated with dementia, diabetic retinopathy could serve as an easily measurable and 

serially evaluable marker to aid clinicians in targeted dementia prevention and screening. In 

the current study, we aim to investigate whether diabetic retinopathy is associated with an 

increased risk of dementia during follow up in a large, well-defined cohort of older patients 

with type 1 diabetes.
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Methods

Study population

For this study, we evaluated all members of Kaiser Permanente Northern California (KPNC) 

database for eligibility during the study period. KPNC is a large, integrated healthcare 

delivery system that provides comprehensive medical care to over 30% of the geographical 

region (3 million members). The population of KPNC generally provide a good 

representation of the overall regional population, with the exception of extreme tails of the 

income distribution.8,9 Senior (≥65+) members of KPNC are similar to seniors residing in 

the region with respect to history of chronic conditions, including diabetes, hypertension, 

heart disease and lifestyle factors (e.g. smoking, a sedentary lifestyle and obesity).

Analytic cohort

Members of KPNC with type 1 diabetes, with no prevalent dementia diagnoses, and at least 

50 years old at any time within the study period (01/01/1996 until 9/30/2015) were eligible 

for our dynamic cohort. Patients were considered to have type 1 diabetes if they fit all three 

of the following criteria10 : a) had either two International Statistical Classification of 

Diseases, ninth edition (ICD-9) codes for type 1 diabetes without any type 2 diabetes codes, 

or a ratio of type 1:type 2 diabetes ICD-9 codes higher than or equal to 0.75 in the Kaiser 

Permanente electronic database since start of membership; b) filled insulin prescriptions 

during the study period; and c) did not have filled prescriptions of any hypoglycemic agent 

other than insulin or metformin. Both insulin prescription and oral hypoglycemic agents 

were retrieved from the Kaiser Permanente pharmacy databases.

Baseline date was set at entry date into the cohort, which was either I) date at which patients 

reached the age of 50 for those with type 1 diabetes during the study period, or II) date of 

first type 1 diagnostic code during the study period for those aged 50 or older. Members 

were followed until incident dementia diagnosis, lapse in of KPNC membership, death, or 

end of study (9/30/2015). Lapse in KPNC membership was defined as a membership lapse 

of ≥90 days. Deaths were captured using information from Kaiser Permanente electronic 

medical records and the California Automated Mortality Linkage System, an ascertainment 

method standard for epidemiological studies of KPNC members.11–13 After exclusion of 42 

patients with prevalent dementia, the full cohort consisted of 3,742 patients with type 1 

diabetes.

Dementia

Diagnoses of dementia were identified from electronic medical records, using the following 

ICD-9 diagnostic codes made in primary care, neurology, or memory clinic visits: 

Alzheimer disease (331.0), Vascular Dementia (290.4x) and nonspecific dementia (290.0, 

290.1x, 290.2x, 290.3, 294.1x, 294.2x, and 294.8). Using ICD-9 codes in determining 

dementia diagnosis has been used successfully in several other publications.14–17 A similar 

combination of ICD-9 codes had a sensitivity of 77% and a specificity of 95% compared to a 

consensus diagnosis of dementia based on a structured interview with informants, 

neuropsychiatric battery, physical examination and review of medical records.18 Diagnoses 
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for frontotemporal dementia (ICD-9 331.1x) and dementia with Lewy Bodies (ICD-9 

331.82) were eligible but no cases were identified.

Diabetic retinal disease

To best capture all diagnoses of diabetic retinal disease at baseline and through follow-up 

period, both ICD-9 diagnostic and Current Procedural Terminology, 4th edition (CPT-4) 

procedural codes were used. An individual was considered to have DR if they had at least 

one diagnosis code for proliferative diabetic retinopathy (ICD-9: 362.02; CPT-4: 67228), 

macular edema (ICD-9: 362.07, 362.53, 362.83; CPT-4: 67208, 67210) or nonspecific 

diabetic retinopathy (ICD-9: 250.5x, 362.0x). A prior study demonstrated a 88% sensitivity 

and 75% specificity of a similar set of ICD-9 codes compared to medical record review.19 To 

evaluate if there were possible differences by severity, severe diabetic retinopathy (SDR) 

encompassed codes for proliferative diabetic retinopathy and macular edema. Proliferative 

diabetic retinopathy (PDR) was also examined separately.

Covariates

These analyses include demographics and comorbidities from the year of cohort entry as 

potential confounders. Age, sex and race were retrieved from KPNC health plan 

membership databases. Glycosylated hemoglobin (HbA1c) measurements was obtained 

from the Kaiser Permanente laboratory, using the last measurement before baseline in 

tertiles. The following comorbidities that might influence the association between DR and 

dementia were collected from the KPNC electronic medical records, using the ICD-9 and 

CPT-4 codes as described in Supplemental Table 1: severe hypo- and hyperglycemic 

episodes for which hospital admittance or emergency room visit was necessary, diagnoses of 

neuropathy, diabetic nephropathy, end stage renal disease, cardiovascular disease (heart 

failure, acute myocardial infarction, and peripheral arterial disease), and stroke.

Statistical analysis

First, the distribution of dementia, sociodemographic variables, and several risk factors or 

complications associated with diabetes and/or dementia were analyzed by DR status at 

baseline using χ2 analyses or Student’s T-test. Cox proportional hazards models with age as 

a time scale were implemented to estimate the effect of DR on dementia risk, with DR as a 

time-dependent covariate. Three models were examined: no adjustment for covariates except 

for age as the time scale (model 1), adjustment for sex and race (model 2), and additional 

adjustment for HbA1c, acute hypo- and hyperglycemia, neuropathy, diabetic nephropathy, 

end stage renal disease, cardiovascular disease, and stroke (model 3). Since dementia risk is 

so closely related to age, stratified analyses were also performed on subsets of the cohort 

aged ≥60 or ≥70. Among the cohort aged ≥ 50, a sensitivity analysis examined the 

association between DR and dementia risk further adjusting for hypertension. In additional 

sensitivity analyses, we excluded time-updated DR cases occurring during the 12 months 

prior to dementia diagnosis to minimize the possibility of reverse causation. Sensitivity 

analyses also evaluated increasingly severe definitions of baseline DR (SDR and PDR). 

Associations were considered significant at the level of 0.05. SAS statistical software 

version 9.3 (SAS Institute Inc, Cary North Carolina) was used for all analyses.
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Results

Patients were born between 1900 and 1965 and the mean age at entry was 56.1 (SD=8.5). 

One hundred eighty-two patients (4.9%) were diagnosed with dementia during follow-up 

(mean=6.2 years) (Table 1). Fifty-three percent of the cohort was male and 21% of the 

cohort was non-white. At baseline, 2,294 patients (61.3%) had DR, 1,423 (38.0%) had PDR, 

and 1,473 (39.4%) had SDR. Individuals with DR at baseline were younger (55.3 versus 

57.3 years old) at entry and had longer follow-up time (6.7 versus 5.3 years) than their 

counterparts without DR. Individuals with DR had higher HbA1c% (8.5% versus 8.0%), and 

were more likely to have had a stroke, cardiovascular diseases, and hypoglycemic episodes. 

The subgroup aged ≥60 consisted of 2,021 patients, of which 1,343 (66.5%) had DR, 870 

(43.1%) had PDR, 907 (44.9%) had SDR, and 157 patients (7.8%) were diagnosed with 

dementia during follow up. The subgroup aged ≥70 consisted of 783 patients, of which 548 

(70.0%) had DR, 380 (48.5%) had PDR, 394 (50.3%) had SDR, and 99 patients (12.6%) 

were diagnosed with dementia during follow up.

In models only adjusting for age, patients with diabetic retinal disease had a non-significant 

increase of 22% in dementia risk compared to those without DR (adjusted Hazard Ratio 

(aHR)=1.22; 95% Confidence Interval (CI): 0.89–1.67) (Table 2). Further adjustment for 

individual covariates slightly changed the hazard ratio, but it remained insignificant. In fully 

adjusted models, the association was insignificant (aHR=1.12, 95% CI: 0.82–1.54). All 

demographics, comorbidities, and risk factors except neuropathy were associated with 

elevated risk of dementia in models adjusting for age and DR (Supplemental Table S2). 

Results were similar, with slightly lower hazard ratios, when excluding cases of DR 

occurring within a 12-month period prior to dementia diagnosis (Table 3). DR was not 

associated with dementia risk and had a non-significant trend towards a protective effect as 

the age of the cohort increased (Table 2 and Table 3).

In sensitivity analyses examining increasing levels of DR severity as baseline variables, 

comparable hazard ratios were found. In models adjusted for demographics, neither SDR 

(aHR=1.08, 95% CI: 0.81–1.44) nor PDR (aHR=1.11 95% CI: 0.83–1.49) were associated 

with dementia risk, and hazard ratios were comparable to that of DR as a baseline variable 

adjusted for demographics (aHR=1.24, 95% CI: 0.90–1.70). In the main and sensitivity 

analyses amongst subgroups aged >60 and>70, similar results were seen, albeit with 

consistently lower hazard ratios in the higher age groups. In sensitivity analyses examining 

the association between DR and dementia among patients 50 and older, further adjusted for 

hypertension did not alter the effect estimate.

Discussion

In this large cohort of elderly patients with type 1 diabetes mellitus, there was no evidence 

DR was associated with an increased risk of dementia. These results were consistently found 

in unadjusted, minimally adjusted, and fully adjusted cox proportional hazard models. 

Similar results were found in sensitivity analyses with a 12-month buffer of DR diagnoses 

before dementia diagnosis, when investigating more severe DR as an exposure variable, and 

in analyses restricted to older age groups.
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Characteristics of the cohort in the present study were comparable to the few previously 

published large community based cohorts of elderly with type 1 diabetes. Gender 

distribution, average HbA1c values, and dementia incidence were similar to previous studies 

amongst older patients with type 1 diabetes.2,20–22 Self-reported DR in a study amongst 

patients with type 1 diabetes (n=309, mean age 65.7 ± 8.5) was 71.5%20 compared to 61.3% 

(full cohort), and 66.5% (subgroup aged ≥ 60) in the current study. PDR based on fundus 

photography (n=351, mean age 67.5 ± 7.5) was 48.5% in a previous study, versus 43% 

(subgroup aged ≥60) in the current study.21 Furthermore, the relations between other known 

risk factors of dementia (e.g., stroke23) and dementia were as expected and increased risk, 

supporting the validity of our observations.

The results from the current study can provide important insight into what potentially 

mediates an increased risk of dementia in type 1 diabetes. The main theoretical basis for an 

association between diabetic retinopathy and dementia relies on the many similarities 

between retinal and cerebral small vessels, the latter of which has been greatly supported for 

its roll in dementia.24 Indeed, retinal and cerebral microvasculature have similar 

embryological origin, anatomical features and physiological properties, including barrier 

functions (blood-brain, and blood-retinal-barrier), auto-regulation and a relatively low-flow 

and high-oxygen-extraction system. These similarities in anatomy and function are not 

surprising, as both provide for glia-cells and neurons, and thus have similar functions.25 

Moreover, several studies have found an association between retinal vascular changes and 

cerebral small vessel disease.26–29

Although all analyses were statistically insignificant, it is interesting to see that the hazard 

ratio for dementia associated with DR and other dementia risk factors is smaller among the 

older age groups for all analyses. This is in agreement with several other studies amongst 

type 1 diabetes2, and all cause diabetes30, that found that the impact of diabetes on dementia 

becomes progressively attenuated in the older age groups. This is consistent with diabetes 

and diabetes related risk factors such as DR accelerating the development of dementia in 

those prone to the disease, lowering the age of dementia onset, and decreasing the incidence 

of DR related dementia in older age groups.

Prior studies on the relationship between type 1 diabetes and dementia are in line with a 

theory of DR related dementia being mainly in younger age groups or during time of onset 

of DR. Studies amongst younger cohorts with type 1 diabetes found associations between 

DR and subtle cognitive dysfunction31,32, diabetes-associated cognitive decrements33, lower 

brain volume and more vascular lesions on MRI34. However, these studies were conducted 

in younger patients, thus extrapolation to older groups with regards to dementia risk, 

retinopathy risk, and type 1 diabetes disease burden is not straightforward. In the older 

general population, retinopathy was found to be associated with clinically diagnosed 

dementia in cross-sectional comparisons35–37 but not longitudinally38. Furthermore, a large 

cross-sectional study (N=2,211) found a significant association only for those without 

diabetes after stratification by diabetes status (289 patients with diabetes, diabetes types not 

specified)39.
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Lastly, the contrast between the results of the current study and a comparable study amongst 

patients with type 2 diabetes aged ≥60 years (N=29,961)7 which did find DR to increase 

dementia risk indicates differences between these type 1 and type 2 diabetes cohorts with 

regards to DR and dementia. The study used similar data collection methods from the KPNC 

database and found DR to be significantly associated with dementia, with a fully adjusted 

HR of 1.29 (95%CI 1.14–1.45). Notably, the incidence of SDR diagnoses in the study on 

type 2 diabetes was much lower than the age-matched subgroup in the current study (7% 

versus 55.1% in those aged≥60), and the incidence of dementia was higher than that of the 

current study (17% versus 7.8% aged ≥60). However, caution is needed when interpreting 

this as an indication of differences in etiological underpinnings of dementia for type 1 versus 

type 2 diabetes, as other distinctions between the cohorts could explain the contrast. First, 

attenuation due to selective survivorship could play a larger role in the current cohort. 

However, as survivorship bias would be expected to affect other risk factors as well, the 

insignificance of the association between DR and dementia still contrasts the significant 

association found for other risk factors (Supplemental Table 2). Another explanation could 

lie in possible differences in DR duration between both cohorts. As stated before, DR might 

be associated with dementia mainly during onset of the disease, after which the association 

attenuates. DR might therefore not be associated with dementia in a population that acquired 

it many years prior to analysis when excluding prevalent dementia cases. This is supported 

by sensitivity analyses by Exalto et al.7, which demonstrate an attenuation of the association 

between DR and dementia with longer time between occurrence of DR and dementia 

incidence. In the current study, sensitivity analyses censoring DR diagnosis 12 months prior 

to dementia diagnosis also showed attenuation of the point estimates. Finally, these 

characteristics from cohorts with the same age, from the same source using similar methods 

could indicate true differences in etiological underpinnings of dementia for type 1 versus 

type 2 diabetes, such that the relative impact of DR pathology on dementia is lower in type 1 

diabetes compared to type 2 diabetes.

The present study has several strengths. It is the first study investigating the association 

between diabetic retinopathy and dementia in a large population of older patients with type 1 

diabetes. Analyses included information on a wide variety of diabetes specific comorbidities 

and the longitudinal design of this study allowed for incident dementia to be observed. 

Furthermore, due to detailed information on date of diagnosis, robust statistical methods 

using diabetic retinopathy as a time-dependent variable could be used to test the association 

between diabetic retinopathy and dementia.

There were several limitations to this study. Most importantly, the lack of information 

regarding age of diabetes and DR onset. Age of onset of diabetes might significantly affect 

both DR risk40 and dementia. Type 1 diabetes generally onsets during childhood41, and 

several studies have shown that early childhood is a crucial period in which diabetes affects 

cognition42. Furthermore, information on age of onset of DR could illuminate possible close 

temporal relations between DR and dementia onset. Secondly, this study was performed in a 

a uniquely large group of patients with type 1 diabetes who survived to older ages, despite 

being born in a time when mortality for those diagnosed with diabetes was over 50%.1 This 

invokes the risk of survivorship bias, as the current study population includes a healthy 

survivor group that outlived many peers, and may underestimate the relationship between 
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DR and dementia. However, our sample may also include individuals who were diagnosed 

with type 1 diabetes later in life, reducing the risk of selective survivorship. Lastly, the use 

of medical record diagnoses for dementia could be a potential weakness. Although this 

method has been shown to have a relatively high sensitivity (77%) and specificity (95%) for 

the diagnosis of dementia compared to a consensus diagnosis18, it did not allow for 

stratification by type of dementia as all but a few ICD-9 codes for dementia were 

unspecified.

In conclusion, in this first study of diabetic retinopathy and dementia in older patients with 

type 1 diabetes, diabetic retinopathy was not found to be associated with risk of dementia. 

This study conflicts the hypothesis that pathophysiological processes underlying diabetic 

retinopathy are also involved in the development of dementia, in older aged patients with 

type 1 diabetes. Furthermore, the current findings are consistent with different 

pathophysiological mechanisms involved in the development of dementia in type 1 versus 

type 2 diabetes. This indicates the need for separation of both types of diabetes when 

investigating pathophysiology of dementia. As those with type 1 diabetes are living longer 

than ever before, further investigation of these mechanisms can aid in a broader 

understanding of dementia and more specific preventative measures for this patient group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Source of Funding:

This work was supported by grant number R01 AG047500 (PI: Dr. Whitmer). Dr. Gilsanz is supported by the 
UCSF Training for Research on Aging and Chronic Disease (T32 AG049663) and Dr. Rodill was supported by 
Alzheimer Nederland.

References

1. Miller RG, Secrest AM, Sharma RK, et al. Improvements in the Life Expectancy of Type 1 
Diabetes. The Pittsburgh Epidemiology of Diabetes Complications Study. Cohort. 2012; 61(11):
2987–2992.

2. Smolina K, Wotton CJ, Goldacre MJ. Risk of dementia in patients hospitalised with type 1 and type 
2 diabetes in England, 1998–2011: a retrospective national record linkage cohort study. 
Diabetologia. 2015; 58(5):942–950. [PubMed: 25673256] 

3. Kuo S-C, Lai S-W, Hung H-C, et al. Association between comorbidities and dementia in diabetes 
mellitus patients: population-based retrospective cohort study. Journal of Diabetes and its 
Complications. 2015; 29(8):1071–1076. [PubMed: 26233574] 

4. Huang C-C, Chung C-M, Leu H-B, et al. Diabetes Mellitus and the Risk of Alzheimer’s Disease: A 
Nationwide Population-Based Study. PLoS ONE. 2014; 9(1):e87095. [PubMed: 24489845] 

5. Lee R, Wong TY, Sabanayagam C. Epidemiology of diabetic retinopathy, diabetic macular edema 
and related vision loss. Eye and Vision. 2015; 2(1):17. [PubMed: 26605370] 

6. Umemura T, Kawamura T, Hotta N. Pathogenesis and neuroimaging of cerebral large and small 
vessel disease in type 2 diabetes: A possible link between cerebral and retinal microvascular 
abnormalities. Journal of Diabetes Investigation. 2016; 8(2):134–148. [PubMed: 27239779] 

Rodill et al. Page 8

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Exalto LG, Biessels GJ, Karter AJ, et al. Severe Diabetic Retinal Disease and Dementia Risk in 
Type 2 Diabetes. Journal of Alzheimer’s disease : JAD. 2014; 42(03):S109–S117. [PubMed: 
24625797] 

8. Gordon NP, Kaplan GA. Some evidence refuting the HMO “favorable selection” hypothesis: the 
case of Kaiser Permanente. Advances in health economics and health services research. 1991; 
12:19–39. [PubMed: 10122802] 

9. Krieger N. Overcoming the absence of socioeconomic data in medical records: validation and 
application of a census-based methodology. American journal of public health. 1992; 82(5):703–
710. [PubMed: 1566949] 

10. Klompas M, Eggleston E, McVetta J, et al. Automated detection and classification of type 1 versus 
type 2 diabetes using electronic health record data. Diabetes Care. 2013; 36(4):914–921. [PubMed: 
23193215] 

11. Mayeda ER, Glymour MM, Quesenberry CP, et al. Inequalities in dementia incidence between six 
racial and ethnic groups over 14 years. Alzheimer’s & Dementia. 2016; 12(3):216–224.

12. Mayeda ER, Karter AJ, Huang ES, et al. Racial/Ethnic Differences in Dementia Risk Among Older 
Type 2 Diabetic Patients: The Diabetes and Aging Study. Diabetes Care. 2013; 37(4):1009–1015. 
[PubMed: 24271192] 

13. Huang ES, Laiteerapong N, Liu JY, et al. Rates of Complications and Mortality in Older Patients 
With Diabetes Mellitus. JAMA Internal Medicine. 2014; 174(2):251. [PubMed: 24322595] 

14. Whitmer RA, Sidney S, Selby J, et al. Midlife cardiovascular risk factors and risk of dementia in 
late life. Neurology. 2005; 64(2):277–281. [PubMed: 15668425] 

15. Whitmer RA, Karter AJ, Yaffe K, et al. Hypoglycemic episodes and risk of dementia in older 
patients with type 2 diabetes mellitus. JAMA. 2009; 301:1565–1572. [PubMed: 19366776] 

16. Exalto LG, Biessels GJ, Karter AJ, et al. Risk score for prediction of 10 year dementia risk in 
individuals with type 2 diabetes: a cohort study. Lancet Diabetes Endocrinol. 2013; 1(3):183–190. 
[PubMed: 24622366] 

17. Barnes DE, Yaffe K, Byers AL, et al. Midlife vs late-life depressive symptoms and risk of 
dementia: differential effects for Alzheimer disease and vascular dementia. Arch Gen Psychiatry. 
2012; 69(5):493–498. [PubMed: 22566581] 

18. Katon WJ, Lin EHB, Williams LH, et al. Comorbid Depression Is Associated with an Increased 
Risk of Dementia Diagnosis in Patients with Diabetes: A Prospective Cohort Study. Journal of 
General Internal Medicine. 2010; 25(5):423–429. [PubMed: 20108126] 

19. Chiu S, Davis J, Giaconi J, et al. Variable validity of computer extracted problem lists for 
complications of diabetes mellitus within the VA Greater Los Angeles Health System. Diabetes 
Metab Syndr. 2017

20. Beck RW, Tamborlane WV, Bergenstal RM, et al. The T1D Exchange Clinic Registry. The Journal 
of Clinical Endocrinology & Metabolism. 2012; 97(12):4383–4389. [PubMed: 22996145] 

21. Sun JK, Keenan HA, Cavallerano JD, et al. Protection From Retinopathy and Other Complications 
in Patients With Type 1 Diabetes of Extreme Duration: The Joslin 50-Year Medalist Study. 
Diabetes Care. 2011; 34(4):968–974. [PubMed: 21447665] 

22. Bai JW, Boulet G, Halpern EM, et al. Cardiovascular disease guideline adherence and self-reported 
statin use in longstanding type 1 diabetes: results from the Canadian study of longevity in diabetes 
cohort. Cardiovascular Diabetology. 2016; 15(1)

23. Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors associated with pre-stroke and 
post-stroke dementia: a systematic review and meta-analysis. Lancet Neurol. 2009; 8(11):1006–
1018. [PubMed: 19782001] 

24. Corriveau RA, Bosetti F, Emr M, et al. The Science of Vascular Contributions to Cognitive 
Impairment and Dementia (VCID): A Framework for Advancing Research Priorities in the 
Cerebrovascular Biology of Cognitive Decline. Cellular and Molecular Neurobiology. 2016; 36(2):
281–288. [PubMed: 27095366] 

25. Cheung, CY-l, Ikram, MK., Chen, C., et al. Imaging retina to study dementia and stroke. Progress 
in Retinal and Eye Research. 2017; 57:89–107. [PubMed: 28057562] 

Rodill et al. Page 9

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Sanahuja J, Alonso N, Diez J, et al. Increased Burden of Cerebral Small Vessel Disease in Patients 
With Type 2 Diabetes and Retinopathy. Diabetes Care. 2016; 39(9):1614–1620. [PubMed: 
27281772] 

27. Woerdeman J, van Duinkerken E, Wattjes MP, et al. Proliferative Retinopathy in Type 1 Diabetes Is 
Associated With Cerebral Microbleeds, Which Is Part of Generalized Microangiopathy. Diabetes 
Care. 2013; 37(4):1165–1168. [PubMed: 24319122] 

28. Haan M, Espeland MA, Klein BE, et al. Cognitive function and retinal and ischemic brain changes: 
The Women’s Health Initiative. Neurology. 2012; 78(13):942–949. [PubMed: 22422889] 

29. Ikram MK, De Jong FJ, Van Dijk EJ, et al. Retinal vessel diameters and cerebral small vessel 
disease: the Rotterdam Scan Study. Brain. 2006; 129:182–188. [PubMed: 16317022] 

30. Zilkens RR, Davis WA, Spilsbury K, et al. Earlier Age of Dementia Onset and Shorter Survival 
Times in Dementia Patients With Diabetes. American Journal of Epidemiology. 2013; 177(11):
1246–1254. [PubMed: 23543134] 

31. Ryan CM, Geckle MO, Orchard TJ. Cognitive efficiency declines over time in adults with Type 1 
diabetes: effects of micro- and macrovascular complications. Diabetologia. 2003; 46(7):940–948. 
[PubMed: 12819900] 

32. Jacobson AM, Ryan CM, Cleary PA, et al. Biomedical risk factors for decreased cognitive 
functioning in type 1 diabetes: an 18 year follow-up of the Diabetes Control and Complications 
Trial (DCCT) cohort. Diabetologia. 2010; 54(2):245–255. [PubMed: 20803190] 

33. Koekkoek PS, Kappelle LJ, van den Berg E, et al. Cognitive function in patients with diabetes 
mellitus: guidance for daily care. The Lancet Neurology. 2015; 14(3):329–340. [PubMed: 
25728442] 

34. McCrimmon RJ, Ryan CM, Frier BM. Diabetes and cognitive dysfunction. The Lancet. 2012; 
379(9833):2291–2299.

35. Cheung, CY-l, Ong, YT., Ikram, MK., et al. Microvascular network alterations in the retina of 
patients with Alzheimer’s disease. Alzheimer’s & Dementia. 2014; 10(2):135–142.

36. Williams MA, McGowan AJ, Cardwell CR, et al. Retinal microvascular network attenuation in 
Alzheimer’s disease. Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring. 
2015; 1(2):229–235.

37. Qiu C, Cotch MF, Sigurdsson S, et al. Cerebral microbleeds, retinopathy, and dementia: The 
AGES-Reykjavik Study. Neurology. 2010; 75(24):2221–2228. [PubMed: 21172845] 

38. Schrijvers EMC, Buitendijk GHS, Ikram MK, et al. Retinopathy and risk of dementia: The 
Rotterdam Study. Neurology. 2012; 79(4):365–370. [PubMed: 22786586] 

39. Baker ML, Marino Larsen EK, Kuller LH, et al. Retinal Microvascular Signs, Cognitive Function, 
and Dementia in Older Persons: The Cardiovascular Health Study. Stroke. 2007; 38(7):2041–2047. 
[PubMed: 17525385] 

40. Warwick AN, Brooks AP, Osmond C, et al. Prevalence of referable, sight-threatening retinopathy 
in type 1 diabetes and its relationship to diabetes duration and systemic risk factors. Eye. 2017; 
31(2):333–341. [PubMed: 28128798] 

41. Diaz-Valencia PA, Bougnères P, Valleron A-J. Global epidemiology of type 1 diabetes in young 
adults and adults: a systematic review. BMC Public Health. 2015; 15(1)

42. Biessels GJ, Deary IJ, Ryan CM. Cognition and diabetes: a lifespan perspective. The Lancet 
Neurology. 2008; 7(2):184–190. [PubMed: 18207116] 

Rodill et al. Page 10

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rodill et al. Page 11

Table 1

Characteristics of members by diabetic retinopathy diagnosis at baseline

No DR (N=1,448) DR (N=2,294) Total (N=3,742) P-value

Dementia 55 (3.8%) 127 (5.5%) 182 (4.9%) 0.016

Study characteristics

Age at baseline* 57.3 (8.9),
53.6 [50.0–61.9]

55.3 (8.1)
50.0 [50.0–58.5]

56.1 (8.5)
51.6 [50.0–60.1]

<.0001

Follow-up duration* 5.3 (5.0)
3.6 [1.2–7.9]

6.7 (5.4)
5.4 [1.9–10.7]

6.2 (5.3)
4.6 [1.6–9.8]

<.0001

Sociodemographic

Birth year* 1948.5 (12.0)
1951 [1943–1957]

1949.0 (11.7)
1952 [1943–1958]

1948.8 (11.8)
1951 [1943, 1958]

0.2319

Male 762 (52.6%) 1,208 (52.7%) 1,970 (52.6%) 0.98

Race

 Caucasian 1,133 (78.2%) 1,823 (79.5%) 2,956 (79.0%) <.0001

 Black 77 (5.3%) 110 (4.8%) 187 (5.0%)

 Hispanic 81 (5.6%) 127 (5.5%) 208 (5.6%)

 Asian 58 (4.0%) 88 (3.8%) 146 (3.9%)

 Other/mixed 40 (2.8%) 106 (4.6%) 146 (3.9%)

 Missing 59 (4.1%) 40 (1.7%) 99 (2.6%)

Diabetes complications/control

Diabetic nephropathy 182 (12.6%) 836 (36.4%) 1,018 (27.2%) <.0001

Neuropathy 129 (8.9) 527 (23.0) 656 (17.5) <.0001

End stage renal disease 27 (1.9%) 281 (12.2%) 308 (8.2%) <.0001

Severe diabetic retinopathy 0 (0%) 1,473 (64.2) 1,473 (39.4) <.0001

HbA1c%†* 8.0 (2.0)
7.5 [6.7–8.7]

8.5 (1.8)
8.0 [7.2–9.4]

8.3 (1.9)
7.9 [7.0–9.1]

<.0001

Hyperglycemia‡ 167 (11.5%) 306 (13.3%) 473 (12.6%) 0.11

Hypoglycemia‡ 175 (12.1%) 524 (22.8%) 699 (18.7%) <.0001

Comorbid diseases

Stroke 84 (5.8%) 178 (7.8%) 262 (7.0%) 0.022

Heart failure 104 (7.2%) 285 (12.4%) 389 (10.4%) <.0001

Acute Myocardial infarction 51 (3.5%) 144 (6.3%) 195 (5.2%) 0.0002

Peripheral arterial disease 111 (7.7%) 354 (15.4%) 465 (12.4%) <.0001

Reason for censoring

Death 280 (17.9%) 458 (21.0%) 738 (19.7%) 0.02

Membership lapse 477 (30.5%) 514 (23.6%) 991 (26.5%) <.0001

Data presented as number (column %) unless indicated differently. P-values were calculated using chi-square test or student T-test. DR: diabetic 
retinopathy.

*
mean (SD), median [lower interquartile range, upper interquartile range].

†
HbA1c%: percentage glycosylated hemoglobin.
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Table 3

Diabetic retinopathy and risk of dementia from a cox proportional hazards model excluding cases of diabetic 

retinopathy diagnosed < 1 year before dementia

Full cohort (≥50) Cohort aged ≥60 Cohort aged ≥70

HR (95% CI) HR (95% CI) HR (95% CI)

N 3,742 2,021 783

Model 1: age-adjusted 1.04 (0.76–1.41) 0.91 (0.65–1.26) 0.67 (0.45–1.02)

Model 2: model 1 further adjusted for sex and race 1.06 (0.78–1.43) 0.94 (0.67–1.31) 0.70 (0.46–1.07)

Model 3: model 2 further adjusted for baseline HbA1c tertiles and 

comorbidities*
0.97 (0.71–1.33) 0.85 (0.61–1.21) 0.66 (0.42–1.03)

Note: Estimates obtained from Cox proportional hazards models with age as time scale.

*
Baseline comorbidities include neuropathy, diabetic nephropathy, end-stage renal disease, cardiovascular disease, stroke, and hyperglycemic or 

hypoglycemic episodes.

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2019 April 01.


	Abstract
	Introduction
	Methods
	Study population
	Analytic cohort
	Dementia
	Diabetic retinal disease
	Covariates
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3



