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Abstract 

Comparative Effectiveness of Angiotensin Converting Enzyme Inhibitors and Angiotensin Receptor 

Blockers on the Risk of Dementia in Patients with Type 2 Diabetes and Hypertension 

 

Objectives: Specific aims of the study were: (1) To develop RxDx risk index to predict dementia in 

patients with type 2 diabetes mellitus and hypertension (2) To compare RxDx risk index with different 

versions of Charlson comorbidity score (CCS) and chronic disease score (CDS) to predict dementia and 

(3) To compare Angiotensin Converting Enzyme (ACE) inhibitors versus Angiotensin Receptor 

Blockers (ARB) for the risk of dementia in patients with type 2 diabetes mellitus and hypertension. 

Methods: The Clinical Practice Research database was used for this retrospective longitudinal cohort 

study. Elderly patients (age>=65 years) diagnosed with type 2 diabetes and hypertension without prior 

diagnosis for dementia were included in the cohort. The Cox proportional hazard model was constructed 

to model time to dementia by incorporating age, gender and 31 RxDx disease conditions. Points were 

assigned to risk factors based on beta coefficients to obtain summary risk score. Different rick indices 

were compared against RxDx-Dementia risk index using c statistics, net reclassification improvement 

(NRI) and integrated discrimination improvement (IDI). A marginal structural model was constructed 

while controlling for demographic and clinical baseline variables and time-varying blood pressure 

variable to estimate causal effect of ACE inhibitors compared to ARB on the risk of dementia. 

Results: The incidence of dementia was 3.42% in patients with type 2 diabetes mellitus and 

hypertension. The c-statistics value for RxDx-Dementia risk index was 0.795 (95% confidence interval 

[CI], 0.789-0.801) and 0.806 (95% CI, 0.798-0.814). Based on the c-statisctics, NRI and IDI values the 

RxDx-Dementia risk index performed better compared to summary CCS, CDS scores and its 
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combinations. The marginal structural model estimated statistically significant 39% (OR, 0.61; 95%CI, 

0.50-0.77) reduction in the risk of developing dementia compared to ACE inhibitors. 

Conclusions: RxDx-Dementia risk index can be a useful tool to identify hypertensive diabetic patients 

who are at high risk of developing dementia as well as to control confounding in observational studies. 

ARB may offer protective effect on the risk of dementia compared to ACE inhibitors in patients with 

type 2 diabetes and hypertension. When there is no treatment available for dementia, prevention or 

delaying onset of dementia may help reduce the overall disease burden.   
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Background and Significance 

Three major public health problems: Diabetes, Hypertension and Dementia 

Diabetes:  About 366 million people worldwide have diabetes and this will rise to 552 million by 2030. 

[1] In US, 25.8 million people of all ages (8.3% of the population) have diabetes and the prevalence is 

highest among elderly (age ≥ 65 years), affecting 10.9 million people (26.9%).[2] Type 2 diabetes 

accounts for around 90% of all diabetes and number of people with type 2 diabetes is increasing at an 

alarming rate due to baby boomers.[1] The total cost of diabetes was $198 billion in 2010 and expected 

to rise to $264 billion in 2030.[3] It has been projected that total deaths from diabetes are projected to 

rise more than 50% in the next ten years. In US, diabetes was the seventh leading cause of death in 2007 

and is expected to become fourth leading cause of death by 2030.[4-6] 

Hypertension:  Hypertension is a major public health problem in the US. Approximately 60% of 

American adults have prehypertension or hypertension. The prevalence is disproportionately higher 

among people over 60 years of age; nearly 88% individuals have prehypertension or hypertension, and 

66.7% have confirmed hypertension.[7, 8] By 2030, an additional 27 million people could have 

hypertension, i.e. 9.9% increase from 2010.[9] The annual cost attributable to hypertension was $131 

billion in direct medical expenses and $25 billion in lost productivity. Recent projection shows that the 

direct cost of hypertension could go as much as $389 billion by 2030.[9] 

Diabetes + Hypertension = “Deadly Duet”:  The co-existence of diabetes and hypertension has 

increased in the population and hypertension is disproportionately higher in diabetics.[10] Hypertensive 

patients are 2.5 times more likely to develop diabetes within 5 years and nearly 70 to 80% diabetic 

patients have hypertension.[2, 11-14] The coexistence of hypertension in diabetes is often referred to as 
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‘deadly duet’ because both conditions synergistically increase the risk of cardiovascular morbidity and 

mortality.[15] 

Dementia:  Dementia is another major and growing public health problem in the US. Dementia is a 

general term for a decline in mental ability severe enough to interfere with daily life; Alzheimer’s 

disease (AD) is the major form of dementia followed by vascular dementia (VaD). It is estimated that 

5.4 million Americans of all ages have Alzheimer’s disease in 2012; of which, 5.2 million are 65 years 

or older. One in eight people age 65 years or older (13%) has Alzheimer’s disease; it is estimated that 

by 2025, 6.7 million (30% increase) people over age 65 years will have Alzheimer’s disease and the 

prevalence will reach to 11 to 16 million by 2050. The economic burden of dementia on US healthcare 

system is enormous. The total cost of dementia is projected to increase from $200 billion in 2011 to 

$1.1 trillion in 2050. Alzheimer’s disease is the sixth leading cause of death in the US and it is the only 

one that cannot be prevented, cured or slowed.[16, 17] 

 

Patients with type 2 diabetes and hypertension are at high risk for dementia 

Diabetes and hypertension are more common in elderly people and the prevalence and incidence 

increases with the age. The greatest risk factor of dementia is higher age.[16] Mounting evidence 

suggests that hypertension and diabetes are independently associated with high risk of developing 

dementia.[16, 18-30] Type 2 diabetes alone increases the risk of developing Alzheimer’s disease and 

total dementia by 50 to 100%.[31] Therefore, elderly people with diabetes and hypertension are at 

exceedingly high risk of developing dementia.[32] 
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Treatment effectiveness of Angiotensin Converting Enzyme (ACE) Inhibitors and Angiotensin 

Receptor Blockers (ARB) in hypertensive diabetic patients 

Several clinical trials have proved the effectiveness of ACE inhibitors and ARB for the treatment of 

hypertension. Therefore, Seventh Report of the Joint National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood Pressure (JNC7) and American Diabetes Association (ADA) 

guidelines recommend that “pharmacologic therapy for patients with diabetes and hypertension should 

be with a regimen that includes either an ACE inhibitor or an ARB”.[10, 33, 34] Accumulating 

evidence has shown that ACE inhibitors and ARB reduces the risk of morbidity and mortality.[10, 33]  

Review articles, clinical trial and several epidemiological studies have shown the protective effect of 

ACE inhibitors and ARB on the risk of dementia in elderly.[28, 35-40] However, a recent meta-analysis 

of 9 clinical trials found that blood pressure lowering did not significantly reduce cognitive impairment 

or decline;  authors acknowledged that the effect of ACE inhibitors or ARB require longer period of 

exposure to manifest small but clinically meaningful benefit to reduce risk of dementia. A proven 

effective treatment that can delay the onset of dementia by only few years will have major public health 

implications.[41]  

ACE inhibitors and ARB drugs may offer protective effect for dementia through their antihypertensive 

effects and other biological pathways.[42-44]  The mechanism of action of ACE inhibitors and ARB is 

different: ACE inhibitors reduces the activity of renin-angiotensin-aldosterone system (RAAS) system 

by inhibiting conversion of angiotensin I to angiotensin II, and thus produces vasodilation.[45] 

Whereas, ARB blocks binding of angiotensin II to its receptors, thus producing blood pressure lowering 

effects.[46] Both classes of drugs differ in their mechanism of action, pharmacokinetic and 

pharmacodynamic properties. Therefore, it is possible that ACE inhibitors and ARB may have different 

effectiveness for the risk of dementia in hypertensive diabetic patients. In order to determine the effect 
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of ACE inhibitors and ARB on the risk of dementia, it is important to control for confounding using 

best risk adjustment model. Several risk adjustment models are available and it is important to decide 

the best model for patients with type 2 diabetes and hypertension for dementia outcome. 

 

Risk Adjustment models 

Risk adjustment models, also known as comorbidity scores, are used for prognosis, risk adjustment of 

health or economic outcomes and controlling confounding in epidemiologic analyses. Charlson 

Comorbidity Score (CCS) and Chronic Disease Score (CDS) are two most commonly used comorbidity 

score used for confounding control. CCS is a diagnosis-based comorbidity index which has been 

adapted to administrative claims data using ICD-9-CM codes. The adapted CCS included 17 disease 

categories and weights are assigned to each of these disease categories. All weights are summed to 

obtain a numeric comorbidity score (range: 0 to 33) for a particular patient.[47, 48] CDS is a 

prescription-based comorbidity index; outpatient pharmacy dispensing data are used to identify specific 

disease categories. Weights are given to these disease categories and summed to obtain a continuous 

numeric score (range: -2.72 to 13.69).[49] Although CCS and CDS were developed for non-clinical 

outcomes, they have performed well in predicting or controlling confounding for clinical outcomes, 

including dementia.[28, 50-54] 

The Clinical Practice research Database (CPRD) is world’s largest source of anonymised longitudinal 

electronic medical record data from primary care in UK. Charlson comorbidity score has been adapted 

to CPRD database which contains READ/OXMIS codes.[55] However, CDS has not yet adapted to this 

database. With increasing use of CPRD database in epidemiological research, it is important to map 

commonly used comorbidity measures in the CPRD database. Moreover, three sets of weights are 

available for CCS and two sets of weights are available for CDS.[47-49, 56-58] No evidence exists 
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regarding which sets of weights perform best in controlling confounding in patients with type 2 diabetes 

and hypertension.  

Prior studies have shown that adding two comorbidity scores, i.e. CCS and CDS, in one model improves 

prediction of the outcome and performs better in terms of controlling confounding.[57, 59, 60] But, do 

we need two separate comorbidity scores based on diagnosis and prescription drug information? It is 

possible that newly derived comorbidity score, termed as RxDx risk index, that combines both diagnosis 

and prescription drug information in a single summary score may perform equally well or better than 

adding two separate scores in one model. This would be a methodological advancement in terms of 

confounding control and risk adjustment. The study will compare the newly developed risk index with 

existing risk indices and the best risk adjuster will be used to control for confounding. 

 

Comparative effectiveness of ACE inhibitors vs ARB for dementia in hypertensive diabetic 

patients 

The Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial 

(ONTARGET) compared ARB (Telmisartan) and ACE inhibitor (Ramipril). One of the secondary 

endpoints of the trial was cognitive decrease and dementia. The results showed that both drugs did not 

differ for cognitive impairment (OR: 0.90 (95%CI: 0.80-1.01)) and cognitive decline (OR: 0.97 

(95%CI: 0.89-1.06)). However, dementia was the secondary endpoint of the ONTARGET trial and 

there was not sufficient power to detect small treatment effect; also, the exposure to drug was not long 

enough.[41] 

Several observational studies have shown protective effect of ACE inhibitors and ARB for the risk of 

dementia in elderly patient population.[28, 38-40, 61-63] A prospective cohort study was conducted in 
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male population with established cardiovascular disease to compare ACE inhibitors and ARB for the 

risk of dementia. Results of the study showed that ARB are associated with reduced risk of incidence 

and progression of dementia compared with ACE inhibitors.[39] One observational study evaluated the 

protective effect of antihypertensive drug use on dementia in patients with type 2 diabetes mellitus and 

hypertension using VA data. The study concluded that ACE inhibitors and ARB were associated with 

reduced risk of dementia. However, study did not directly compare ACE inhibitors and ARB; patients 

were followed for only 2 years; the study did not control for potential confounding factors such as 

education, diet, smoking, alcohol use, blood pressure and glycemic control.[28] A nested case-control 

study compared ACE inhibitors and ARB in elderly patients for their association with dementia using 

UK’s CPRD data. The study results showed that the protective effect of ARB with dementia was 

stronger than ACE inhibitors.[38]  

Advanced age, type 2 diabetes mellitus and hypertension are independent risk factors for dementia. 

However, little or no evidence exists for comparative effectiveness of ACE inhibitors and ARB for the 

risk of dementia in high risk patient population, i.e. patients with type 2 diabetes and hypertension. 

 

Significance and Innovation 

By 2030, elderly people in the US are expected to double and estimated 71 million older Americans will 

make up approximately 20 percent of the total population. With the ageing population, the prevalence of 

hypertension, type 2 diabetes and dementia is expected to increase. Advanced age, hypertension and 

diabetes are independent risk factors for morbidity, mortality and dementia. Appropriate management of 

hypertension in this high risk ‘deadly duet’ patient population may help reduce morbidity, mortality and 
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delay the onset of dementia. A treatment that can delay the onset of dementia and improves survival by 

only few years will have major public health implications.[41]  

This study will evaluate the comparative effectiveness of ACE inhibitors and ARB on the risk of 

dementia in patients with type 2 diabetes and hypertension using UK’s CPRD data. It is important to 

control confounding in observational comparative effectiveness research studies. CCS and CDS are 

widely used comorbidity scores to control for confounding in observational studies. The prescription-

based comorbidity score, i.e. CDS, has not yet adapted to CPRD data. This will be the first study to 

adapt CDS in CPRD database. Different versions of weights are available for CCS and CDS. This will 

be the first study to compare different weights derived for CCS and CDS and make recommendation 

regarding which sets of weights are better to control for confounding. Current practice is to add 

diagnosis and prescription-based comorbidity scores (CCS and CDS) in the model as two separate 

variables. Prior research has shown that addition of two scores performs better than individual scores. In 

this study, we derived a new comorbidity score, RxDx risk index, by combining diagnosis and 

prescription drug information in a single summary score. This is an innovation in terms of risk 

adjustment methodology. 

Prior studies have shown that ACE inhibitors and ARB can offer protective effect for dementia in 

elderly population. However, little or no evidence exists regarding comparative effectiveness of ACE 

inhibitors and ARB for risk of dementia. The key challenge in observational comparative effectiveness 

research is to properly account for confounding, especially time varying confounding. It has been shown 

that in longitudinal observational studies, standard Cox regression models give biased estimate of 

treatment effect in the presence of time varying covariate which can act as a confounder (affects 

exposure and outcome) as well as mediator (lies on the causal pathway of exposure to outcome).[64, 65] 

In this study, blood pressure is a time varying confounder affected by previous treatment history. 
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Marginal structural models can appropriately account for such time varying confounding and provides 

unbiased estimate of treatment effect.  

The study is innovative in terms of risk adjustment methodology and controlling time dependent 

confounding using marginal structural model. This is the first study to combine diagnosis and 

prescription information in single summary risk index, RxDx risk index, to predict dementia. The study 

will compare RxDx risk index with existing risk indices and make recommendation regarding the best 

risk adjustment tool for dementia. The study will compare ACE inhibitors and ARB for the risk of 

dementia using marginal structural model. Clinical knowledge gained from this study will provide 

additional information on the comparative effectiveness of ACE inhibitors and ARB which will be 

useful to improve the knowledge base and optimization of care. 

 

Specific Aims: 

Specific Aim # 1:  To develop RxDx risk index to predict dementia in patients with type 2 diabetes 

mellitus and hypertension.  

Specific Aim # 2:  To compare RxDx risk index with different versions of Charlson comorbidity score 

and chronic disease score to predict dementia. 

Specific Aim # 3:  To compare Angiotensin Converting Enzyme (ACE) inhibitors versus Angiotensin 

Receptor Blockers (ARB) for the risk of dementia in patients with type 2 diabetes mellitus and 

hypertension. 

 Hypothesis 3.1:  ACE inhibitors and ARB are equally effective in reducing risk of dementia, 

after controlling for potential confounders. 
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Study design details, results, conclusions in the form of manuscripts drafts 

 

 Manuscript 1 – Specific Aim 1 & Specific Aim 2 

 Manuscript 2– Specific Aim 3 
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Manuscript 1 

Development and Validation of a RxDx-Dementia Risk Index to Predict Dementia in Patients with 

Type 2 Diabetes and Hypertension 
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Abstract 

Objective: Elderly patients with type 2 diabetes mellitus and hypertension are at high risk for 

developing dementia. In addition to disease conditions, prescriptions drugs are important risk factors for 

dementia. The study used diagnosis and prescription drug information to develop and validate RxDx-

Dementia risk index to predict dementia in patients with type 2 diabetes mellitus and hypertension. The 

risk index was then compared with different versions of Charlson comorbidity score (CCS), chronic 

disease score (CDS) and its’ combinations to evaluate its performance in predicting dementia. 

Methods: The Clinical Practice Research database was used for this retrospective longitudinal cohort 

study. Elderly patients (age>=65 years) diagnosed with type 2 diabetes and hypertension without prior 

diagnosis for dementia were included in the cohort (N=133,176). The Cox proportional hazard model 

was constructed to model time to dementia by incorporating age, gender and 31 RxDX disease 

conditions. Points were assigned to risk factors based on beta coefficients to obtain summary risk score. 

Discrimination and calibration of the risk index were evaluated. Different rick indices were compared 

against RxDx-Dementia risk index using c statistics, net reclassification improvement (NRI) and 

integrated discrimination improvement (IDI). 

Results: The incidence of dementia was 3.42% in patients with type 2 diabetes mellitus and 

hypertension. The c-statistics value for RxDx-Dementia risk index was 0.795 (95% confidence interval 

[CI], 0.789-0.801) and 0.806 (95% CI, 0.798-0.814). Based on the c-statisctics, NRI and IDI values the 

RxDx-Dementia risk index performed better compared to summary CCS, CDS scores and its 

combinations.  

Conclusions: RxDx-Dementia risk index can be a useful tool to identify hypertensive diabetic patients 

who are at high risk of developing dementia as well as to control confounding in observational studies. 



20 
 

This risk index will help clinicians and patients to take timely measure to prevent or delay the onset of 

dementia in this high risk patient population. 
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Introduction 

The global prevalence of dementia is expected to quadruple from 26.6 million in 2006 to 106.2 million 

in 2050.[66] In 2013, an estimated 5 million Americans age 65 years and older (11% of the elderly 

population) had Alzheimer’s disease, a most common type of dementia, and the prevalence is expected 

to triple between 2010 and 2050, primarily due to baby boomers.[67, 68] In addition to dementia, 

diabetes and hypertension are two other major public health problems in US. Diabetes affects 10.9 

million people over age 65 (26.9% of the elderly population) and nearly 70 to 80% diabetic patients 

have hypertension.[2, 12, 14] Both diabetes and hypertension are individual risk factors for dementia; 

patients with type 2 diabetes are twice as likely to develop dementia.[31, 32] Therefore, elderly people 

with diabetes and hypertension are at exceedingly high risk of developing dementia. 

No curative treatment is available for dementia and as a result, efforts have been directed towards early 

identification of individuals at risk and prevention of dementia.[69-71] Prognostics information about 

the risk of dementia can help patients and clinicians in decision making and targeting preventable risk 

factors for dementia. It has been estimated that 10–25% reduction in modifiable risk factors could 

potentially prevent as many as 184,000–492,000 cases in the USA.[72] It also helps policymakers to 

allocate resources appropriately that will help to prevent or delay the onset of dementia which can have 

significant impact on cost saving. This is important given the fact that dementia costs $203 billion to the 

US and the cost is expected to increase to $1.3 trillion by 2050.[67] 

Risk adjustment models, also known as prognostic models or comorbidity scores, are used for 

prognosis, risk-adjustment of health or economic outcomes and controlling confounding in 

observational studies. Risk indices have been developed specifically to predict dementia: mid-life 

dementia risk score for middle-aged adults (40 to 64 year); late-life dementia risk index, brief dementia 
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risk index, and summary risk score for Alzheimer’s disease for older adults (≥65 years).[70, 73-76] All 

these risk indices used one or more of the following variables: APOE ε4 allele genotype, magnetic 

resonance imaging (MRI) white matter disease, MRI large enlarged ventricles, mini-mental state 

examination (MMSE), lab values (cholesterol, systolic blood pressure, body mass index) and lifestyle 

factors. It may not possible to measure these variables in routine settings and these variables may not be 

available in administrative claims or electronic medical records data limiting the use of these risk 

indices. Recently, a diabetes-specific dementia risk score (DSDRS) model was developed which 

included only 8 predictor variables and had acceptable performance with a c- statistics of 0.74 to 

0.75.[77]  

All dementia specific risk indices have included diagnosis, lab or genotype information but none of 

them have included prescription drug information. Studies have shown that several prescription drugs 

are important risk factors for dementia.[25, 28, 78, 79] In addition to diagnosis-based risk indices, 

prescription-based measures are extensively used in health services research. The Charlson comorbidity 

score (CCS), diagnosis-based comorbidity measure, and chronic disease score (CDS), prescription-

based comorbidity measure, are most commonly used comorbidity scores resulting over 10,000 

citations.[47, 49, 80] Although CCS and CDS were developed for non-clinical outcomes, they have 

performed well in predicting or controlling confounding for clinical outcomes, including dementia.[28, 

50-54] A growing body of literature has compared CCS and CDS and concluded that combining 

diagnosis and prescription-based measure improves the prediction of outcomes because it may measure 

two different aspects of an illness.[59, 81-83]  

Unlike diagnosis-based measures, prescription-based risk indices do not suffer from limitation such as 

incomplete or inaccurate coding of diagnosis. Since prior studies have identified both diagnosis and 

prescription drugs as important risk factors for dementia, it is reasonable to hypothesize that combining 
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diagnosis and prescription drug information in a single summary score may perform better in predicting 

dementia. Also, diagnosis and prescription drug information are readily available in routine clinical 

practice and in administrative claims and electronic medical records data enhancing the utility of the 

risk index. Since the new measure uses diagnosis and prescription drug information, we termed it as 

RxDx-Dementia risk index. 

The study had twofold objectives: (i) to develop and validate RxDx-Dementia risk index to predict 

dementia in patients with type 2 diabetes mellitus and hypertension; (ii) to compare RxDx-Dementia 

risk index with different versions of Charlson comorbidity score, chronic disease score and its 

combinations to evaluate its performance in predicting dementia. 

 

Methods 

Data Source 

The study used Clinical Practice Research Datalink (CPRD) database, formerly known as General 

Practice Research Database (GPRD). CPRD is one of the world’s largest electronic medical record 

databases and contains anonymized longitudinal clinical and prescribing information from over 12 

million patients across 593 general practices in the United Kingdom (UK).[84, 85] CPRD contains 

information entered by general practitioners (GPs) in the UK, including patients’ demographics, 

medical diagnoses from primary care and specialist referrals and hospital admissions, outpatient written 

drug prescriptions, clinical details and outpatient lab results. Clinical diagnoses recorded by GPs have 

been shown to have high validity with a median rate of 89%.[86, 87] Prescription information is also 

well documented in CPRD because prescriptions are generated directly from the computer.[87] 
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Study Population 

The study included elderly patients (age >=60 years) who were diagnosed with type 2 diabetes mellitus 

and hypertension anytime between January 2003 to November 2012. 

Inclusion Criteria for Type 2 Diabetes Mellitus. Patients who met one of the following criteria for 

type 2 diabetes mellitus were included: [82] 

 Any patient with a type 2 diabetes mellitus diagnosis code occurring during the study time 

window 

 Any patient with at least one lab result of a random blood glucose>200 mg/dL (>11mmol/L) or a 

fasting blood glucose > 126 mg/dL (> 7 mmol/L) or HbA1c > 6.5% plus at least one oral 

hypoglycemic agent or non- oral hypoglycemic agent prescription subsequent to the abnormal 

lab occurrence. 

Inclusion Criteria for Hypertension. Patients who met one of the following criteria for hypertension 

were included: [14, 88] 

 At least 2 outpatient diagnoses of hypertension 

 At least 1 prescription of antihypertensive drug plus at least 1 outpatient diagnosis of 

hypertension 

 At least 1 prescription of antihypertensive drug plus at least 1 elevated BP 

 At least 1 elevated BP measurement plus 1 outpatient diagnosis of hypertension 

The index date was defined as the date when patient was diagnosed with type 2 diabetes mellitus and 

hypertension. Patients with diagnosis of dementia in one year of baseline period were excluded from the 

cohort. 
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Outcome Variable 

The outcome variable, dementia, was defined based on medcodes identified from clinical or referral 

files.[38] Sensitivity analysis was conducted while defining dementia outcome based on clinical 

diagnosis or prescription medication use, namely acetylcholinesterase inhibitors like donazepil, tacrine, 

rivastigmine and galantamine, and N-methyl-D-aspartate (NMDA) antagonist memantine. 

Risk Indices 

One year of baseline diagnosis and prescription drug information was used to construct risk indices. 

Three risk indices were constructed in this study: (i) Charlson comorbidity score (ii) chronic disease 

score and (iii) RxDx-Dementia risk index.  

Charlson Comorbidity Score (CCS). The CCS is a diagnosis-based comorbidity score which has been 

adapted to CPRD data.[55] The CCS includes 17 disease categories and weights are assigned to each of 

these disease categories. Weights are summed for a particular patient to calculate a summary 

comorbidity score. Three versions of weights are available for CCS. First, Charlson et al. developed a 

comorbidity score to predict one-year mortality and derived weights for 17 disease conditions.[47] 

Second, Schneeweiss et al. derived weights for CCS to predict one-year mortality using New Jersey 

Medicare data and validated using Pennsylvania Medicare data.[57] Third, Quan et al. derived weights 

for CCS to predict one-year mortality using inpatient hospital data from Calgary Health Region, Canada 

and validated using hospital data from six different countries.[56] Therefore, we created three variables 

for CCS using three different versions of weights: CCS original, CCS/Schneeweiss and CCS/Quan. 

(Appendix A) 

Chronic Disease Score (CDS). The CDS is a prescription-based comorbidity index where outpatient 

pharmacy dispensing data was used to identify specific disease categories. The CDS contains 29 disease 
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conditions and weights were assigned to each disease condition. The CDS has been adapted to US-

based claims data and CPRD data which uses multiplex prescription coding system.[82] Two versions 

of weights are available for CDS.  First, Clark et al. used data from a health maintenance organization 

and derived weights for CDS for three outcomes: total cost, outpatient cost and primary care visits.[49] 

Second, Johnson et al. used veteran affairs outpatient prescription data and derived weights for CDS, 

referred as Rx-Risk-V, to predict one-year mortality in outpatient settings.[58] We created two 

comorbidity scores for CDS using two versions of weights: CDS original and CDS/Johnson. (Appendix 

A) 

CCS + CDS. We combined three versions of CCS with two versions of CDS creating six combination 

comorbidity scores: CCS original + CDS original; CCS/Schneeweiss + CDS original; CCS/Quan + CDS 

original; CCS original + CDS/Johnson; CCS/Schneeweiss + CDS/Johnson and CCS/Quan + 

CDS/Johnson. In addition to summary CCS and CDS models, we also used comorbidity models with 

CCS and CDS disease categories for comparison purpose. 

RxDx-Dementia Risk Index. The RxDx-Dementia risk index was developed by combining diagnosis 

and prescription drug information in a single risk score. A disease condition was identified if patient had 

either diagnosis or used prescription drug for that particular condition. We selected disease categories 

from CCS and CDS for development of RxDx-Dementia risk index. A total of 36 disease conditions 

were taken from CCS and CDS. Of these 36 conditions, few disease conditions were merged because it 

was not possible to identify them separately using both diagnosis and prescription drug use. Therefore, a 

total of 31 disease conditions were identified for RxDx-Dementia risk index. (Table 1)  

 

 



27 
 

Statistical Analysis 

RxDx-Dementia Risk Index Development. The Cox proportional hazards regression was used to 

model time to dementia outcome. The Cox model included age, gender and 31 binary variables for 

RxDx disease conditions as independent variables. The beta estimates for age, gender and 31 diseases 

obtained from the Cox regression were multiplied with 10 and rounded to the nearest integer to obtain 

point scores. Two versions of RxDx-dementia risk indices were created: version 1 risk index was 

developed by summing points for all variables including age, gender and disease conditions for each 

patient; version 2 risk index was developed by summing points for disease conditions only. CCS and 

CDS were developed by summing points for disease conditions; therefore, we created version 2 where 

points for disease conditions were used.  

RxDx-Dementia Risk Index Calibration and Validation. The discrimination ability of RxDx-

Dementia risk index was evaluated using c-statistics with asymptomatic 95% confidence intervals. The 

calibration was checked by comparing the observed and expected number of dementia cases for RxDx 

comorbidity decile; overall calibration was summarized using Hosmer-Lemeshow Chi-square tests. The 

RxDx-Dementia risk index model was internally validated using ten-fold cross-validation approach.[89] 

Kaplan-Meier estimates were used to calculate the actual dementia risk and mean time to incident 

dementia were calculated based on RxDx-Dementia risk index version 1. 

Descriptive Statistics of Risk Indices. Descriptive statistics were calculated to describe the risk indices 

in the study populations. Spearman correlation coefficient was calculated to compare the correlation 

between the RxDx-Dementia risk index, CCS and CDS. 

RxDx-Dementia Risk Index Performance. The RxDx-Dementia risk index was compared with CCS, 

CDS and different possible combinations of CCS and CDS to evaluate its performance. The 
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performance of different risk index models were evaluated using discrimination, net reclassification 

improvement (NRI) and integrated discrimination improvement (IDI). We used RxDx-Dementia risk 

index version 2 as a reference risk index. All models were adjusted for age and gender except RxDx-

Dementia risk index version 1 which included points for age and gender in its score calculation. 

Discrimination. The discrimination ability of all models was compared using c-statistics with 

asymptomatic 95% confidence intervals. A general guideline to evaluate different models based on c-

statistics is as follows: 0.5 = chance prediction; 0.7-0.8 = acceptable; 0.8-0.9 = excellent; 1.0 = perfect 

prediction.[89] 

Net reclassification improvement (NRI). The NRI assesses risk reclassification and is the sum of 

improvement in cases and in controls. The median rounded predicted probability value for an outcome 

among cases and controls were used to make low, medium and high risk strata. The ‘‘up’’ and ‘‘down’’ 

refers to patients who were reclassified into a higher or lower risk stratum by a new comorbidity score 

compared to an old score. A positive and significant NRI value suggests that the new comorbidity score 

classified patients into correct risk strata compared to the old risk index whereas a negative and 

significant value suggests that old score performed better in classifying patients compared to the new 

score.[90]  

𝑁𝑅𝐼 = Pr (
𝑢𝑝

𝑐𝑎𝑠𝑒𝑠
) − Pr (

𝑑𝑜𝑤𝑛

𝑐𝑎𝑠𝑒𝑠
) +  Pr (

𝑑𝑜𝑤𝑛

𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠
) − Pr (

𝑢𝑝

𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠
) 

 

 

 

Reclassification 

improvement in cases 

Reclassification 
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Integrated discrimination improvement (IDI). The IDI is the difference in discrimination slopes between 

two models, where the discrimination slope for a model is the mean difference in predicted probability 

among cases and controls. A positive and significant value of IDI suggests that the new model 

performed better than the old model whereas a negative and significant value suggests that the old score 

performed better than the new score.[90] 

𝐼𝐷𝐼 = (𝑎𝑣𝑒 �̂�𝑐𝑎𝑠𝑒𝑠 − 𝑎𝑣𝑒 �̂�𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠)
𝑛𝑒𝑤 𝑚𝑜𝑑𝑒𝑙

− (𝑎𝑣𝑒 �̂�𝑐𝑎𝑠𝑒𝑠 − 𝑎𝑣𝑒 �̂�𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠)
𝑜𝑙𝑑 𝑚𝑜𝑑𝑒𝑙

 

 

 

All statistical analyses were performed using SAS version 9.3 and STATA version 13. Two sided 

P<0.05 was considered statistically significant. This study was approved by the University of Houston 

Committees for the Protection of Human Subjects. 

 

Results 

Cohort Description 

The study cohort included 133,176 patients. (Appendix B) The mean age of the cohort was 72.12 years 

(SD =8.04) and nearly 52% of patients were male. The incidence of dementia was 3.42% in patients 

with type 2 diabetes mellitus and hypertension. Table 1 reports the proportions of baseline disease 

conditions identified using (i) diagnosis, (ii) prescription drug use and (iii) diagnosis or prescription 

drug use. 

  

Discrimination slope of a 

new model 
Discrimination slope of an 

old model 
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Table 1: Descriptive Statistics: Disease categories identification by (i) diagnosis, (ii) prescription drug 

use and (iii) diagnosis or prescription drug use 

 

Disease categories 

identified using 

diagnosis*  

n, (%) 

Disease 

categories 

identified using 

prescription drug 

use† (n, %) 

Disease 

categories 

identified using 

diagnosis or 

prescription drug 

use‡ (n, %) 

Myocardial infarction 1,863 (1.40) § § 1,863 (1.40) 

Congestive heart failure 2,264 (1.70) 93,866 (70.48) 93,969 (70.56) 

Coronary and peripheral 

vascular disease 
1,917 (1.44) 19,557 (14.69) 20,968 (15.74) 

Cerebrovascular disease 2,782 (2.09) § § 2,782 (2.09) 

Dementia -- -- -- -- -- -- 

Chronic pulmonary disease 3,501 (2.63 27,154 (20.39) 27,583 (20.71) 

Rheumatologic disease  1,443 (1.08) 13,154 (9.88) 13,426 (10.08) 

Peptic ulcer disease 332 (0.25) 42,474 (31.89) 42,521 (31.93) 

Hemiplegia or paraplegia 52 (0.04) § § 52 (0.04) 

Diabetes -- -- 

-- -- 
 

-- 

 

-- 
Diabetes with chronic 

complications 
-- -- 

Renal disease 

8,543 (6.41) 

683 (0.51) 

9,048 (6.79) End stage renal disease 

(ESRD) 
168 (0.13) 

Mild liver disease 169 (0.13) 

8,145 (6.12) 8,329 (6.25) Moderate or severe liver 

disease 
76 (0.06) 

Any malignancy, including 

lymphoma and leukemia 
4,091 (3.07) 

3,343 (2.51) 7,016 (5.27) 

Metastatic solid tumor 170 (0.13) 

AIDS 2 (0.00) 6 (0.00) 8 (0.01) 

Epilepsy 1,099 (0.83) 5,561 (4.24) 5,813 (4.36) 

Hypertension -- -- -- -- -- -- 

Tuberculosis 37 (0.03) 77 (0.06) 105 (0.08) 

Hyperlipidemia 7,123 (5.35) 87,708 (65.86) 88,452 (66.42) 

Parkinson’s disease 267 (0.20) 1,243 (0.93) 1,304 (0.98) 

Cardiac disease ASCVD 7,304 (5.48) 28,674 (21.53) 30,808 (23.13) 

Glaucoma 1,387 (1.04) 6,558 (4.92) 6,821 (5.12) 

Cystic Fibrosis 1 (0.00) 1 (0.00) 2 (0.00) 

Transplantation 67 (0.05) 807 (0.61) 833 (0.63) 

Thyroid disorder 3,752 (2.82) 13,223 (9.93) 13,690 (10.28) 

Gout 2,458 (1.85) 6,958 (5.22) 8,003 (6.01) 

Crohn’s and ulcerative 

disease 
238 (0.18) 1,376 (1.03) 1,417 (1.06) 
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Pain and inflammation 
41,635 (31.26) 

33,043 (24.81) 
64,335 (51.69) 

Pain 36,122 (27.12) 

Depression 4,075 (3.06) 23,029 (17.29) 23,697 (17.79) 

Psychotic illness 267 (0.20) 7,884 (5.92) 8,004 (6.01) 

Bipolar disorders 73 (0.05) 390 (0.29) 434 (0.33) 

Anxiety and tension 3,104 (2.33) 5,857 (4.40) 7,892 (5.93) 
 

* Disease categories identified using diagnosis were used for Charlson comorbidity score.  
† Disease categories identified using prescription drug use were used for chronic disease score. 
‡ Disease categories identified using either diagnosis or prescription drug use was used for 

RxDx-dementia comorbidity score.  
§ Disease category cannot be identified based on prescription drug use. 

 

 

RxDx-Dementia Risk Index 

Table 2 reports the beta estimates and associated hazards ratio for age, gender and 31 RxDx disease 

conditions. Points were assigned to each predictor variable based on beta coefficients to calculate 

summary RxDx-Dementia risk index. The c-statistics value was 0.795 (95% confidence interval [CI], 

0.789-0.801) for RxDx-Dementia risk index version 1 (which included age, gender and 31 disease 

conditions in a single summary score) and 0.806 (95% CI, 0.798-0.814) for RxDx-Dementia risk index 

version 2 (which included disease conditions in a single summary score and age and gender as a 

separate covariates). The c-statistics value for ten-fold cross validation was 0.796 (95% CI, 0.790-

0.804) and 0.806 (95% CI, 0.800-0.813) for RxDx-Dementia risk index version 1 and 2, respectively. 

The calibration curve for RxDx-Dementia risk index version 1 is presented in figure 1. The overall 

Hosmer-Lemeshow chi-square statistics was significant (p < 0.001). Table 3 presents the mean time to 

dementia and actual 10 year dementia risk based for 5 categories of RxDx-Dementia risk index. Patients 

who had score between 20 and 55 were at the highest risk (24.81%) of dementia. For a particular 

patient, points can be added from table 2 to obtain a single summary score and their risk of developing 

dementia can be looked up in table 3. 
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Table 2: Deriving points for RxDx-Dementia risk index 

 
Beta Estimates  

(p-value) 

Hazard Ratio 

(95% CI) 

Points 

Age 0.12 (<0.001) 1.13 (1.12-1.13) 1 

Male -0.08 (0.01) 0.93 (0.87-0.98) -1 

Myocardial infarction -0.16 (0.21) 0.85 (0.65-1.10) -2 

Congestive heart failure -0.07 (0.02) 0.93 (0.87-0.99) -1 

Coronary and peripheral 

vascular disease 

0.15 (<0.001) 1.16 (1.07-1.26) 1 

Cerebrovascular disease 0.36 (<0.001) 1.43 (1.23-1.67) 4 

Dementia* --  -- -- -- 

Chronic pulmonary disease -0.08 (0.03) 0.92 (0.85-0.99) -1 

Rheumatologic disease  -0.07 (0.20) 0.93 (0.84-1.04) -1 

Peptic ulcer disease -0.07 (0.03) 0.93 (0.87-0.99) -1 

Hemiplegia or paraplegia† --  -- -- -- 

Diabetes / Diabetes with 

chronic complications* 

--  -- -- -- 

Renal disease /ESRD 

0.08 (0.13) 1.08 (0.98-1.20) 1 

Mild liver disease /moderate 

or severe liver disease 

0.06 (0.25) 1.06 (0.96-1.17) 1 

Any malignancy, including 

lymphoma and leukemia / 

metastatic solid tumor 

-0.01 (0.81) 0.98 (0.86-1.13) 0 

AIDS† --  -- -- -- 

Epilepsy 0.33 (<0.001) 1.39 (1.22-1.58) 3 

Hypertension* --  -- -- -- 

Tuberculosis† --  -- -- -- 

Hyperlipidemia 0.11 (<0.001) 1.11 (1.05-1.19) 1 

Parkinson’s disease 0.78 (<0.001) 2.19 (1.81-2.64) 8 

Cardiac disease ASCVD -0.01 (0.84) 0.99 (0.93-1.07) 0 

Glaucoma 0.01 (0.82) 1.01 (0.91-1.14) 0 

Cystic Fibrosis† --  -- -- -- 

Transplantation -0.18 (0.47) 0.83 (0.50-1.38) -2 

Thyroid disorder 0.05 (0.25) 1.05 (0.96-1.15) 1 

Gout -0.15 (0.03) 0.86 (0.75-0.98) -2 

Crohn’s and ulcerative disease -0.06 (0.68) 0.94 (0.68-1.29) -1 

Pain and inflammation / pain 
-0.15 (<0.001) 0.81 (0.81-0.91) -2 

Depression 0.61 (<0.001) 1.84 (1.71-1.97) 6 
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Psychotic illness 0.63 (<0.001) 1.88 (1.71-2.06) 6 

Bipolar disorders 0.04 (0.87) 1.04 (0.65-1.66) 0 

Anxiety and tension 0.05 (0.38) 1.05 (0.94-1.18) 1 

 
*These disease conditions were not included because these were the cohort population or the 

outcome.  
† These conditions were not included because of very low sample size.  

Points were calculated as: beta estimates for each disease condition were multiplied by 10 and 

rounded to the nearest integer value.  

 

 

 

Figure 1: RxDx-Dementia comorbidity score version 1 calibration curves 

 

 

** Likelihood-ratio Chi-square (df = 9) =   217.65; P-value = <0.0001 
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Table 3: Dementia risk by level of the RxDx-Dementia risk score version 1 

RxDx-Dementia 

risk index version 

1 

Number at 

risk 

(N =  133,176) 

Dementia Cases 

n, (%) 

Mean time to 

incident 

dementia, 

Year (SD) 

Actual 10 year 

dementia risk* 

-8 to 3 25,881 111 (0.43) 3.5 (2.4) 1.21% 

4 to 8 27,032 278 (1.03) 3.9 (2.4) 3.19% 

9 to 13 26,991 587 (2.18) 3.6 (2.4) 6.78% 

14 to 19 26,203 1,179 (4.50) 3.2 (2.3) 13.81% 

20 to 55 27,149 2,404 (8.85) 2.1 (1.9) 24.81% 

*Based on Kaplan-Meier estimates 

Note: Use points from table 2 to calculate summary score for a patient. For example: Patient with age 

of 75 years (point = 15), male (point = -1) and diagnosed with depression (point = 6) will have a 

summary score of 15 + (-1) + 6 = 20. So, this patient will be at 25% risk of developing dementia in 

next 10 years. 

 

Descriptive Statistics of Comorbidity Scores  

The mean value of CCS ranged from 0.21 (SD = 0.61) to 0.40 (1.01) whereas mean value for CDS 

ranged from 1.51 (SD = 0.99) to 4.68 (SD = 3.89). The mean RxDx-Dementia risk index value was 0.35 

(SD = 3.51) and 11.89 (SD=8.93) for version 1 and 2, respectively. The proportion of patients with zero 

value were as follows: more than 80% for CCS; less than 7% for CDS; 18.44% for RxDx-Dementia risk 

index version 1 and 3.02% for version 2. (Appendix C) Three different versions of CCS (correlation 

ranging from 0.86 to 0.97) and two versions of CDS (correlation = 0.84) were highly correlated, 

whereas the correlation between CCS and CDS was low (correlation ranging from 0.18 to 0.20). Both 

versions of RxDx-Dementia risk indices were poorly correlated with CCS (correlation ranging from 

0.01 to 0.07) and CDS (correlation ranging from -0.03 to 0.08). (Appendix D) 
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RxDx-Dementia Risk Index Performance  

Table 4 reports the c-statistics and associated 95% confidence interval, NRI, and IDI values for different 

risk index models.  

The c-statistic value for the model which included all 31 RxDx comorbidities as binary variables was 

0.807 (95% CI, 0.801-0.813). Based on c-statistics, both versions of RxDx-Dementia risk index 

performed the best (version 1: c-statistics, 0.795; 95% CI, 0.789-0.801 and version 2: c-statistic, 0.806; 

95% CI, 0.798-0.814) in predicting dementia compared to any version of CCS, CDS or different 

combinations of CCS and CDS. The model which included individual CDS disease categories also 

performed well (c-statistic, 0.805; 95% CI, 0.798-0.812). 

NRI values were calculated for all comorbidity score models while comparing to RxDx-Dementia risk 

index version 2. The RxDx-Dementia risk index classified 5.63% (P <.001) of patients into correct risk 

strata compared to the baseline model. The percentage of patients reclassified by RxDx-Dementia risk 

index compared to all other comorbidity score models ranged from 5.63% (P <.001) to 6.59% (P <.001). 

However, RxDx-Dementia risk index did not perform better in reclassifying patients into correct risk 

strata compared to RxDx-Dementia risk index categorical (NRI, 0.21; P = 0.38). The IDI values were 

not statistically significantly different for RxDx-Dementia risk index compared to other comorbidity 

scores. 

Sensitivity analysis results which considered the alternative definition of dementia, i.e. identification of 

dementia using wither diagnosis or prescription drug use, showed similar results for risk indices 

performance.  
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Table 4: Prediction of dementia by different risk indices (C-Statistics with 95% CI) 

Model Risk Index C-Statistics (95% CI) NRI, % (P-value) IDI, % (P-value) 

1 Baseline model (Age + Gender) 0.779 (0.773-0.786) 5.63 (<0.001) 1.93 (0.52) 

 RxDx-Dementia risk index       

2 RxDx-Dementia risk index version 1 0.795 (0.789-0.801)  -- -- 

3 RxDx-Dementia risk index version 2  0.806 (0.798-0.814) Reference Reference 

4 RxDx comorbidity score categorical* 0.807 (0.801-0.813) 0.21 (0.38) -0.06 (0.95) 

 Charlson comorbidity score (CCS)       

5 Charlson original 0.782 (0.775-0.788) 6.47 (<0.001) 1.91 (0.52) 

6 Charlson/Schneeweiss 0.782 (0.776-0.788) 6.50 (<0.001) 1.92 (0.52) 

7 Charlson/Quan 0.781 (0.775-0.788) 5.63 (<0.001) 1.93 (0.52) 

8 Charlson categorical† 0.783 (0.777-0.789) 6.13 (<0.001) 1.84 (0.53) 

 Chronic disease Score (CDS)       

9 CDS original 0.789 (0.782-0.795) 5.90 (<0.001) 1.67 (0.56) 

10 CDS/RxRisk – V 0.787 (0.779-0.794) 6.59 (<0.001) 1.80 (0.54) 

11 CDS categorical‡ 0.805 (0.798-0.812) 0.86 (0.02) 0.09 (0.96) 

 Charlson comorbidity score + additional 

disease categories 

      

12 CCS + additional disease§ 0.790 (0.783-0.796) 5.16 (<0.001) 1.53 (0.60) 

 Combined comorbidity score (CCS+CDS)       

13 Charlson original + CDS  original 0.789 (0.783-0.795) 5.88 (<0.001) 1.67 (0.56) 

14 Charlson/Schneeweiss + CDS  original 0.789 (0.783-0.795) 5.94 (<0.001) 1.67 (0.56) 

15 Charlson/Quan + CDS  original 0.789 (0.782-0.796) 5.98 (<0.001) 1.68 (0.56) 

16 Charlson original +  CDS/RxRisk – V 0.787 (0.781-0.793) 6.06 (<0.001) 1.79 (0.54) 

17 Charlson/Schneeweiss + CDS/ RxRisk-

V 

0.787 (0.780-0.794) 6.11 (<0.001) 1.79 (0.54) 

18 Charlson/Quan +  CDS/RxRisk – V 0.787 (0.781-0.793) 6.44 (<0.001) 1.80 (0.54) 
 

* RxDx comorbidity score – categorical included 24 disease categories. 
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† Charlson comorbidity score – categorical included 9 disease categories. 
‡ Chronic disease score – categorical included 23 disease categories. 
§ Charlson comorbidity score + additional disease categories – categorical 

included 21 disease categories. 
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Discussion 

This is the first study which incorporated diagnosis and prescription drug information for 

dementia specific risk index development. The study developed and validated RxDx-Dementia 

risk index for dementia in patients with type 2 diabetes mellitus and hypertension. The risk index 

was compared with different versions of CCS and CDS and their combinations and results 

consistently showed the superior performance of RxDx-Dementia risk index. All variables 

included in the index are readily available in routine clinical settings, administrative claims and 

electronic medical records data enhancing the utility of the risk index. 

Patients with type 2 diabetes mellitus are at 50% to 100% increased risk of Alzheimer and total 

dementia and 100% to 150% increase in the incidence of vascular dementia.[31] The co-

existence of diabetes and hypertension, also referred as deadly duet, puts elderly patients at high 

risk for dementia. The points developed for each risk factor can be used to calculate a summary 

score for a patient. Based on the final score value, a patient can be classified for his/her risk of 

developing dementia. (Table 3) Thus, the RxDx-Dementia risk index will help clinicians and 

patients to identify patients who are at high risk and give sufficient time to intervene. Important 

modifiable risk factors such as physical or cognitive inactivity, blood pressure, cholesterol, 

smoking, obesity, use of certain medications can be targeted to prevent or delay the onset of 

dementia.[72, 78, 79] 

We could not perform head-to-head comparison of RxDx-Dementia risk index with existing 

dementia risk indices because some variables were not available in the CPRD datasets. The c-

statistics value for some existing dementia risk indices are as follows: 0.81 for late-life dementia 

risk index; 0.77 for brief dementia risk index; 0.79 for summary score for Alzheimer’s disease; 
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0.72 for late-life dementia risk index developed using electronic medical record data; 0.75 for 

mid-life dementia risk index.  The diabetes specific dementia risk index had c statistics of 0.75 

whereas c-statistics value for RxDx-Dementia risk index was 0.80 to 0.81. Our index also 

performed better than any version of CCS, CDS or its combinations. Use of 24 dichotomous 

variables for RxDx disease conditions (c statistics, 0.81) and 23 dichotomous CDS disease 

conditions (c statistics, 0.81) had performed well. However, use of several dichotomous variables 

may jeopardize the regression modeling with smaller datasets because of data overfitting or lack 

of convergence. In addition, modeling interactions between variables and comorbidity is 

cumbersome when there are many dichotomous variable.[91] 

Inclusion of lab values, genotype information or MRI abnormality information may improve the 

performance of the RxDx-Dementia risk index. However, such variables may be difficult to 

measure in routine clinical practice and are not available in administrative claims or electronic 

medical records data. Lab values can be found in electronic medical record data but high 

proportion of missing values reduces the added value of lab data.[92] Also, use of lab values can 

limit the applicability of risk indexes to administrative claims data where lab values are not 

available. But, diagnosis and prescription data are easy to obtain and risk index developed using 

these two information can have better utility. 

In addition to prognostic value, the RxDx-comorbidity risk index may be useful in 

epidemiological studies to control confounding while evaluating the impact of exposure or 

treatment on the risk of dementia. Studies have shown that use of disease and outcome specific 

risk index can perform better than generic risk indices.[52, 93] In our study, we found the 

superior performance fo RxDx-Dementia risk index compared to CCS or CDS. Therefore, we 

recommend use of RxDx-Dementia risk index over generic risk indices. Epidemiological studies 
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may use version 2 risk index (use only comorbidity weights) and adjust for age and gender 

separately to control confounding.  

The results of this study should be viewed in light of limitations. The accuracy of clinical 

diagnosis and prescription drug coding cannot be evaluated in this study, and it is not possible to 

ascertain that patients actually took their prescription drugs. However, prior studies have shown 

that clinical diagnoses recorded by GPs have high validity.[85-87] The RxDx score was 

internally validated but future studies can evaluate the performance of RxDx-Dementia risk 

index compared to other comorbidity scores in different study population and datasets. IDI may 

be less useful compared to NRI because small absolute changes in predicted probability of 

dementia lead to small IDI values.[94] This may be the reason that none of the IDI values were 

significant. 

 

Conclusions 

In conclusion, we have developed and validated RxDx-Dementia risk index for dementia in 

patients with type 2 diabetes and hypertension. The RxDx-Dementia risk index which 

incorporated diagnosis and prescription-based information in a single summary score performed 

better than diagnosis or prescription-based comorbidity scores or its combinations. The RxDx-

Dementia risk index can be used for prognostic purpose or to control confounding in 

epidemiological studies. 
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Appendix A: Charlson comorbidity score and chronic disease score weights for different disease 

conditions 

Charlson 

comorbidity score  

and chronic 

disease score 

disease category 

Charlson comorbidity score Chronic disease score 

Original 

Charlson 

weights 

(Charlson, 

1987) 

Schneeweiss/ 

Charlson 

weights 

(Schneeweiss

,2003) 

Quan/ 

Charlson 

weights 

(Quan, 

2011) 

Original 

CDS 

weights 

(Clark, 

1995) 

Rx-Risk-V 

weights 

 

(Johnson, 

2006) 

1. Myocardial 

infarction 
1 1 0 -- -- 

2. Congestive 

heart failure* 
1 2 2 0.40 2 

3. Coronary and 

peripheral 

vascular 

disease† 

1 1 0 0.61 1 or 2 

4. Cerebrovascula

r disease 
1 1 0 -- -- 

5. Dementia 1 3 2 -- -- 

6. Chronic 

pulmonary 

disease 

1 2 1 0.60 4 

7. Rheumatologic 

disease  
1 0 1 0.71 -1 

8. Peptic ulcer 

disease 
1 0 0 0.54 1 

9. Hemiplegia or 

paraplegia 
2 1 2 -- -- 

10. Diabetes‡ 1 1 0 

0.91 2 
11. Diabetes with 

chronic 

complications‡ 

2 2 1 

12. Renal disease§ 

2 3 1 

-0.46 5 

13. End stage renal 

disease 

(ESRD)§ 

-1.17 6 

14. Mild liver 

disease¶ 
1 2 2 

0.33 1 15. Moderate or 

severe liver 

disease¶ 

3 4 4 

16. Any 

malignancy, 

including 

lymphoma and 

leukemia# 

2 2 2 -0.10 4 
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17. Metastatic 

solid tumor# 
6 6 6 

18. AIDS 6 4 4 3.53 2 

19. Epilepsy -- -- -- 0.29 1 

20. Hypertension -- -- -- 0.34 0 

21. Tuberculosis -- -- -- 0.59 0 

22. Hyperlipidemia -- -- -- 0.32 -1 

23. Parkinson’s 

disease 
-- -- -- 0.45 2 

24. Cardiac disease 

ASCVD* 
-- -- -- 0.40 4 or 1 

25. Glaucoma -- -- -- 0.18 0 

26. Cystic 

Fibrosis** 
-- -- -- 0.10 0 

27. Transplantation -- -- -- -0.99 3 

28. Thyroid 

disorder 
-- -- -- 0.23 0 

29. Gout -- -- -- 0.07 0 

30. Crohn’s and 

ulcerative 

disease 

-- -- -- 0.14 -1 

31. Pain and 

inflammation†† -- -- -- 
0.48 2 

32. Pain†† 0.46 2 

33. Depression -- -- -- 0.67 1 

34. Psychotic 

illness 
-- -- -- 0.50 3 

35. Bipolar 

disorders 
-- -- -- 0.32 0 

36. Anxiety and 

tension 
-- -- -- 0.52 2 

* The original CDS classification combined cardiac disease ASCVD and CHF in a single 

category, i.e. heart diseases, and derived weights (0.40) for it. A recent and more accurate 

classification divided both categories separately (Kuo, 2011). So, we used recent classification 

and assigned 0.40 weights to cardiac disease ASCVD and CHF. Cardiac disease ASCVD 

included arrhythmia and IHD/angina and the Rx-Risk-V derives separate weights for both 

disease categories: arrhythmia = 4 and IHD/angina = 1. 
† Charlson comorbidity score only included only peripheral vascular diseases. Chronic disease 

score included anticoagulants and antiplatelet to identify this disease category and Rx-Risk-V 

assigned different weights to both classes: anticoagulants = 1 and antiplatelet = 2. 
‡ In chronic disease score, diabetes was only one disease category.  
§ In Charlson comorbidity score, renal disease included ESRD.  
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¶ In chronic disease score, liver disease was only one disease category. 
# In chronic disease score, malignancy was only one disease category.  
** The Rx-Risk-V did not report weights for cystic fibrosis; we assigned 0 weight arbitrarily. 

The prevalence of cystic fibrosis is very low (1.37/10,000) and virtually zero in elderly. 

(Farrell, 2008) 
†† In Charlson comorbidity score, pain/inflammation and Pain were combined in a single 

disease category. The Rx-Risk-V did not report weights for pain because the study used 

NSAID cohort. We assumed that weights for pain/inflammation were similar to pain and 

assigned weight = 2. 

 

Note: Of 36 conditions, a total of 34 disease conditions were identified based on diagnosis 

because following conditions were merged: (i) renal disease and ESRD (ii) pain-inflammation 

and pain. Similarly, a total of 33 disease conditions were identified based on prescription drugs 

because following conditions were merged: (i) diabetes and diabetes with complications (ii) 

mild liver and moderate/severe liver disease (iii) Any malignancy, including lymphoma and 

leukemia and metastatic solid tumor. 
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Appendix B: Data Derivation 

 

  

Patients with age <60 years were 

excluded (N = 62,327) 

Patient with dementia in baseline one 

year were excluded (N = 1,799) 

Patients with T2DM and HTN 

(N = 197,302) 

Elderly patients with T2DM and HTN  

(N = 134,975) 

Elderly patients with T2DM and HTN,  

no dementia in baseline 

(N = 133,176) 

 

Patients with T2DM 

(N = 248,454) 

Patients without hypertension were 

excluded (N = 62,327) 
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Appendix C: Distribution of the comorbidity scores 

 Mean (SD) % 

with 0 

Median 75th 

percentile 

Minimum Maximum 

Charlson original 0.31 (0.75) 82.05 0 0 0 11 

Charlson/Schneewe

iss 

0.40 (1.01) 83.06 0 0 0 13 

Charlson/Quan 0.21 (0.61) 86 0 0 0 10 

CDS Original 1.51 (0.99) 4.46 1.33 2.12 -1.23 6.84 

CDS/Rx-Risk V 4.68 (3.89) 6.49 4 7 -3 29 

RxDx –Dementia 

risk index version 1 

11.89 (8.93) 3.02 11 18 -8 55 

RxDx –Dementia 

risk index version 2 

0.30 (3.51) 18.44 0 1 -10 28 

 

Appendix D: Spearman correlation coefficient among different comorbidity measures 

 Charlso

n 

original 

Charlso

n 

/Schnee

weiss 

Charlso

n 

/Quan 

CDS 

Original 

CDS 

/Rx-Risk 

V 

RxDx –

Dementi

a risk 

index 

version 

1 

RxDx –

Dementi

a risk 

index 

version 

2 

Charlson  

original 
1       

Charlson 

/Schneeweis

s 

0.97 1      

Charlson 

/Quan 
0.89 0.86 1     

CDS 

Original 
0.20 0.19 0.18 1    

CDS 

/Rx-Risk V 
0.19 0.19 0.18 0.84 1   

RxDx –

Dementia 

risk index 

version 1 

0.06 0.07 0.01 0.08 -0.04 1  

RxDx –

Dementia 

risk index 

version 2 

0.06 0.07 0.01 0.08 -0.03 0.36 1 
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Manuscript 2 

Comparative effectiveness of Angiotensin Converting Enzyme (ACE) Inhibitors and 

Angiotensin Receptor Blockers (ARB) for the risk of dementia in patients with type 2 

diabetes mellitus and hypertension 

  



47 
 

Abstract 

Objective: The objective was to compare effectiveness of ACE inhibitors and ARB for the risk 

of dementia in patients with type 2 diabetes and hypertension using marginal structural models. 

Methods: It was a retrospective longitudinal cohort study which used Clinical Practice Research 

database, an electronic medical record data, from 2002 to 2012. Elderly patients (age>=65 years) 

diagnosed with type 2 diabetes and hypertension without prior diagnosis for dementia and 

incident users of ACE inhibitors or ARB were included in the cohort (n= 32,856). From the 

index date, first receipt of ACE inhibitors or ARB, all patients were followed until they 

developed dementia, died during follow-up, discontinued the drug or until study end date. Time 

to dementia was the primary outcome variable. A marginal structural model was constructed 

while controlling for demographic and clinical baseline variables and time-varying blood 

pressure variable. Inverse probability of treatment weights were used in pooled logistic 

regression model to estimate the causal effect of ARB versus ACE inhibitors on the risk of 

dementia. 

Results: The mean (±SD) age of the cohort was 71.55 (±7.86) and nearly 53% patients were 

male. A total of 915 patients (2.79%) developed dementia during the follow-up. The marginal 

structural model estimated statistically significant 39% (OR, 0.61; 95%CI, 0.50-0.77) reduction 

in the risk of developing dementia compared to ACE inhibitors. 

Conclusions: When there is no treatment available for dementia, prevention or delaying onset of 

dementia may help reduce the overall disease burden. ARB may offer protective effect on the 

risk of dementia compared to ACE inhibitors in patients with type 2 diabetes and hypertension.  
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Introduction 

Americans aged 65 and older are expected to double from 40.2 million in 2010 to 88.5 million in 

2050, primarily due to baby boomers.[95] With the ageing population, prevalence of type 2 

diabetes and hypertension is expected to increase. Currently, diabetes affects 10.9 million people 

over age 65 (26.9% of the elderly population) and nearly 70 to 80% diabetic patients have 

hypertension.[2, 14] The overall prevalence and incidence of type 2 diabetes is expected to 

increase in coming decades, with disproportionately higher increasing trend in elderly 

people.[96-98] Therefore, the proportion of patients with type 2 diabetes and hypertension will 

increase. Advanced age, type 2 diabetes and hypertension are independent risk factors for 

dementia; nearly 96% of dementia patients are over age 65 years and patients with type 2 

diabetes are twice as likely to develop dementia[31, 32] 

Dementia possesses the great challenge to the USA. It has been estimated that number of people 

with dementia will triple from 5.2 million in 2012 to 13.8 million in 2050 and the associated 

healthcare cost will increase from $203 billion to $1.3 trillion.[67] Currently, there is no cure 

available for dementia, and therefore much of the focus is on prevention or delaying the onset of 

dementia.[69] Interventions that could delay the onset of dementia by as little as 1 year can have 

significant impact on reduction of prevalent cases and cost savings.[66, 99]  

Theoretically, antihypertensive drugs can exert protective effect on dementia through control of 

blood pressure as well as through direct neuroprotection.[100] Several studies have shown 

protective effect of antihypertensive treatment on the risk of dementia.[28, 31, 38-41, 61, 62] As 

per the guidelines, patients with type 2 diabetes and hypertension should be prescribed either 

ACE inhibitors or ARB.[10, 34] Both classes of drugs acts on renin-angiotensin system but differ 
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in their mechanism of action, pharmacokinetic and pharmacodynamic properties.[45, 46] 

Therefore, it is possible that ACE inhibitors and ARB may have different effectiveness for the 

risk of dementia patients with type 2 diabetes and hypertension. 

The Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial 

(ONTARGET) compared ARB (Telmisartan) and ACE inhibitor (Ramipril). The results showed 

that both drugs did not differ for cognitive impairment and cognitive decline. However, dementia 

was the secondary endpoint of the ONTARGET trial and there was not sufficient power to detect 

small treatment effect; also, the exposure to drug was not long enough.[41] Several observational 

studies have shown protective effect of ACE inhibitors and ARB for the risk of dementia in 

elderly patient population.[28, 38-40, 61-63] However, no study has performed head-to-head 

comparison of ACE inhibitors and ARB for the risk of dementia in the high risk hypertensive 

diabetic patient population.  

The key challenge in comparative effectiveness research is to control for confounding, especially 

time varying confounding. It has been shown that in longitudinal observational studies, standard 

Cox regression models give biased estimate of treatment effect in the presence of time varying 

covariate which can act as a confounder (affects exposure and outcome) as well as mediator (lies 

on the causal pathway of exposure to outcome).[64, 65] In the context of this study, blood 

pressure is a time varying covariate which can act as a confounder as well as mediator. Marginal 

structural models can appropriately model the time-dependent confounder in the longitudinal 

studies to estimate the causal effect of exposure on the outcome.[64, 65]  

Therefore, we used a marginal structural model to compare the effectiveness of ACE inhibitors 

and ARB for the risk of dementia in patients with type 2 diabetes and hypertension.   
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Methods 

Data Source 

The study used Clinical Practice Research Datalink (CPRD) database, formerly known as 

General Practice Research Database (GPRD) from 2002 to 2012. CPRD is one of the world’s 

largest electronic medical record databases and contains anonymized longitudinal clinical and 

prescribing information from over 12 million patients across 593 general practices in the United 

Kingdom (UK).[84, 85] Patients inluded in the CPRD data are representative of the UK 

population for age, sex and geographical region.[101] CPRD data has been extensively validated 

for correctness of  diagnosis and prescription coding.[86, 87] CPRD data has been used 

extensively for health services research resulting over 1,110 original research articles.[102, 103] 

Study Population 

The study included elderly patients (age >=60 years) who were diagnosed with type 2 diabetes 

mellitus and hypertension between January 2003 to November 2012. 

Inclusion Criteria for Type 2 Diabetes Mellitus. Patients who met one of the following criteria 

for type 2 diabetes mellitus were included: [82] 

 Any patient with a type 2 diabetes mellitus diagnosis code occurring during the study 

time window 

 Any patient with at least one lab result of a random blood glucose>200 mg/dL 

(>11mmol/L) or a fasting blood glucose > 126 mg/dL (> 7 mmol/L) or HbA1c > 6.5% 

plus at least one oral hypoglycemic agent or non- oral hypoglycemic agent prescription 

subsequent to the abnormal lab occurrence. 
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Inclusion Criteria for Hypertension. Patients who met one of the following criteria for 

hypertension were included: [88] 

 At least 2 outpatient diagnoses of hypertension 

 At least 1 prescription of antihypertensive drug plus at least 1 outpatient diagnosis of 

hypertension 

 At least 1 prescription of antihypertensive drug plus at least 1 elevated BP 

 At least 1 elevated BP measurement plus 1 outpatient diagnosis of hypertension 

The index date was defined as the date when patient started taking either ACE inhibitors or 

ARB. Patients with diagnosis of dementia in one year of baseline period or non-users of ACE or 

ARB were excluded from the cohort. Stricter definitions of incident use may improve internal 

validity of comparative effectiveness research estimates.[104] Therefore, the study excluded 

patients who used ACE inhibitors or ARB in baseline one year period to obtain incident users 

only. 

Exposure Definition 

Exposure to ACE inhibitors or ARB was defined on a quartely basis. A patient was considered 

exposed to ACE inhibitors or ARB if he/she was prescribed at least 45 days of supply in each 

quarter and considered off-treatment if supply was less than 45 days. Exposure was modeled on a 

quartely basis in all regression models.  

Outcome Definition 



52 
 

The outcome variable was time to dementia. Dementia was defined based on medcodes 

identified from clinical or referral files. All patients were followed up to 10 years until the study 

end date, i.e. November 2012. 

Confounders 

Time-independent confounders. The study included age, gender, RxDx-Dementia risk index, 

body mass index (BMI), smoking status and alcohol consumption. RxDx-Dementia risk index 

has been recently developed for patiets with type 2 diabetes and hypertension and  The risk index 

has shown superior performance comapred to Charlson comorbidity score or chronic disease 

score to control confouding for dementia outcome.[105] Baseline lab values included albumin, 

serum creatinine, platelets count, pottasium, total white blood cell count, hemoglobin, HbA1c, 

high density lipoprotein (HDL), low density lipoprotein (LDL) and blood pressure. 

Time-dependent confounders. The time-dependent covariate considered for the study was 

blood pressure. Blood pressure is not recorded at regular interval in CPRD data, and therfore 

missing values are common. Prior studies have used CPRD data and imputed up to 60% of 

missing blood pressure values using multiple imputation methods using five replicates.[106, 107] 

Multiple imputation assumed that missing blood pressure data are missing at random or missing 

completely at random.[107] In addition to multiple imputation, missing blood data were handled 

by last observation carry forward method.[108, 109] 

Censoring 

Patients were considered cesored (i) if they discontinued the treatment, i.e. remained off 

treatment for two consecutive quarters (ii) if they used ACE inhibitors + ARB combination 
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therapy for consecutive two quarters (iii) if they died during the follow-up or (iv) at the end of 

the study period.  

 

Statistical Analysis 

Baseline characteristics between ACE inhibitors and ARB users were compared using chi-square 

tests  and t-tests for categorical and continuous variables, respectively.   

Time-dependent Cox Regreesion. Cox proportional hazards regression was used to estimate 

unadjusted effect of ARB, compared to ACE, on the risk of dementia. Time-dependent Cox 

proportional hazards regression was modeled to estimate the effect of ARB, comapred to ACE 

inhibitors, on the risk of dementia, while controlling for all time-independent confounders and 

time-dependent blood pressure. 

Marginal Structural Model. Blood pressure is a time-varying covariate which acts as a 

confounder, i.e. it affects ACE inhibitors/ARB exposure and dementia, as well as mediator, i.e. it 

lies on the causal pathway of ACE inhibitors/ARB exposure to dementia. Standard regression 

methods such as time-dpendent Cox regreesion can lead to biased estimates in the presence of 

time-dependent covariate that may be simultaneously confounders and intermediate variables. 

Marginal structural models can account for such time dependent confounding and can provide 

unbiased causal estimate of the treatment effect.[64, 65] 

First, the data was structured at person-quarter level. For each person-quarter observation, 

treatment history and censoring weights were calculated using logistic regression. Treatment 

history weights for each person-quarter observation was calculated as probability of being 
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exposed to ACE inhibitors versus ARB at quarter (t) conditional on all baseline covariate, and 

treatment at time (t-1) and blood pressure at (t-1) divided by probability of being exposed to 

ACE inhibitors vs ARB at quarter (t) conditional on all baseline covariate, and treatment at time 

(t-1) and blood pressure at (t-1), and time‐dependent blood pressure measured at time (t). 

Censoring history weights were calculated in a similar fashion. Both tretment history and 

censoring weights were multiplied to obtain stabilized weights. 

Standard statistical softwares cannot incorporate time varying weights in Cox proportional 

hazards models to estimate the effect of treatment on the outcome. This issue can be overcome 

by fitting a weighted pooled logistic regression model by treating each person-month as an 

observation that included the stabilized weights, baseline covariates and time-dependent 

exposure variable.[64] To correct the correlation between patients induced to repeated 

measurement taken on the same individual, we used generalizing estimating equations with 

robust standard errors from an independent working correlation matrix to fit the weighted pooled 

logistic regression model. MSM relies on four assumption: positivity and consistency, no 

unmeasured confounding, no model misspecification.[65] 

All statistical analyses were performed using SAS version 9.3. Two sided P<0.05 was considered 

statistically significant. This study was approved by the University of Houston Committees for 

the Protection of Human Subjects. 

Results 

Descriptive Statistics.  

There were 32,856 patients who met the inclusion criteria for this cohort. (Figure 1) Table 1 

reports the baseline characteristics of the cohort stratified by the baseline ACE inhibitors or ARB 
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use. The mean (±SD) age of the cohort was 71.55 (±7.86) and nearly 53% patients were male. 

The mean RxDx-Dementia risk index was not different among ACE inhibitors and ARB users. 

ACE inhibitors and ARB users differed significantly for age, gender and most clinical variables. 

Figure 1: Data Derivation 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

Patients with age <60 years were excluded 

(N = 49,909) 

ACE / ARB users 

(N = 156,185) 

Elderly patients who used ACE / ARB 

(N = 106,276) 

Patients with T2DM and HTN 

(N = 197,302) 

Patients who did not use ACE/ARB were 

excluded (N = 41,417) 

Prevalent dementia cases were excluded  

(N = 1,025) 

ACE / ARB users, no dementia in baseline 

(N = 105,251) 

Prevalent ACE/ARB users were excluded 

(N = 70,383) 

Incident ACE / ARB users, no dementia in 

baseline (N = 34,868) 

Excluded patients whose days of supply was 

< 45days (N = 1,950) 

Incident ACE / ARB users 

(N = 32,918) 

Excluded patients who started and 

continued with ACE + ARB combination 

therapy for ≥ 2 quarters (N = 62) 
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Table 1: Baseline demographic and clinical characteristics of the type 2 diabetes and hypertension 

patients as per the start therapy  

Characteristics Total* 

n = 32,856; n 

(%) 

ACE users 

n = 28,562; n 

(%) 

ARB Users 

n =3,943; n 

(%) 

P-value 

Age, mean  (SD) 71.55 (7.86) 71.52 (7.88) 71.79 (7.77) 0.04 

Age Categories     

60-64 years 7,490 (22.80) 6,572 (23.01) 836 (21.20) 0.03 

65-69 years 7,220 (21.97) 6,275 (21.97) 878 (22.27)  

70-74 years 6,891 (20.97) 5,986 (20.96) 821 (20.82)  

75-79 years 5,517 (16.79) 4,730 (16.56) 721 (18.29)  

80-84 years 3,515 (10.70) 3,047 (10.67) 431 (10.93)  

>85 years 2,223 (6.77) 1,952 (6.83) 256 (6.49)  

Male, n (%) 17,600 (53.57) 15,642 (54.77) 1,810 (45.90) <0.0001 

RxDx-Dementia risk 

index 

0.71 (3.74) 0.72 (3.75) 0.66 (3.67) 0.31 

Body mass index (BMI)     

Normal weight, 18.5 ≤ 

BMI < 25 

4,700 (14.30) 4116 (14.41) 538 (13.64) 0.009 

Overweight, 25 ≤ BMI 

< 30 

10,979 (33.42) 9574 (33.52) 1295 (32.84)  

Obese, BMI ≥ 30 13,110 (39.90) 11391 (39.88) 1592 (40.38)  

Underweight, BMI < 

18.5 

153 (0.47) 144 (0.50) 8 (0.20)  

Missing 3,914 (11.91) 3337 (11.68) 510 (12.93)  

Smoking status     

Non-smoker  12,832 (39.06) 11010 (38.55) 1681 (42.63) <0.0001 

Current 3,932 (11.97) 3569 (12.50) 334 (8.47)  

Former 12,047 (36.75) 10587 (37.07) 1381 (35.02)  

Missing 4,018 (12.23) 3396 (11.89) 547 (13.87)  

Alcohol consumption     

No  4,751 (14.46) 4009 (14.04) 678 (17.20) <0.0001 

Yes 12,835 (39.06) 11321 (39.64) 1416 (35.91)  

Former 810 (2.47) 705 (2.47) 98 (2.49)  

Missing 14,460 (44.01) 12527 (43.86) 1751 (44.41)  

Albumin      

≥ 3.5 mg/dL 23,669 (72.04) 20738 (72.61) 2702 (68.53) <0.0001 

< 3.5 mg/dL 832 (2.53) 723 (2.53) 96 (2.43)  

Missing 8,356 (25.43) 7101 (24.86) 1145 (29.04)  

Serum creatinine     

≤ 1.5 mg/dL 27,056 (82.35) 23741 (83.12) 3049 (77.33) <0.0001 

> 1.5 mg/dL 1,724 (5.25) 1427 (5.00) 284 (7.20)  

Missing 4,076 (12.41) 3394 (11.88) 610 (15.47)  

Platelets count     

150 to 450 * 109 /L 17,403 (52.97) 15221 (53.29) 1999 (50.70) 0.005 
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< 150 * 109 /L 960 (2.92) 849 (2.97) 103 (2.61)  

> 450 * 109 /L 285 (0.87) 245 (0.86) 37 (0.94)  

Missing  14,208 (43.24) 12247 (42.88) 1804 (45.75)  

Pottasium     

3.7 to 5.2 mMol/L 25,255 (76.87) 22134 (77.49) 2881 (73.07) <0.0001 

< 3.7 mMol/L 1,725 (5.25) 1495 (5.23) 210 (5.33)  

> 5.2 mMol/L 1,177 (3.58) 1027 (3.60) 140 (3.55)  

Missing 4,699 (14.30) 3906 (13.68) 712 (18.06)  

Total white blood cell 

count 

    

4.5 to 10.5 * 109 /L 16,381 (49.86) 14352 (50.25) 1854 (47.02) 0.002 

< 4.5 * 109 /L 658 (2.00) 570 (2.00) 84 (2.13)  

> 10.5 * 109 /L 1,638 (4.99) 422 (4.98) 203 (5.15)  

Missing 14,179 (43.15) 12218 (42.78) 1802 (45.70)  

Hemoglobin     

13.8 to 18 for male 

12.1 to 15.1 for female 

13,971 (42.52) 12264 (42.94) 1557 (39.49) 0.0007 

>18 for male or >15.1 

for female 

823 (2.50) 713 (2.50) 102 (2.59)  

<13.8 for male or 

<12.1 for female 

4,425 (13.47) 3823 (13.38) 567 (14.38)  

Missing 13,637 (41.51) 11762 (41.18) 1717 (43.55)  

Blood pressure     

Normal (<130 SBP 

and <80 DBP) 

3,243 (9.87) 2868 (10.04) 343 (8.70) <0.0001 

Pre-hypertension 

(130-139 SBP or 80-

99 DBP) 

14,764 (44.94) 12863 (45.04) 1771 (44.92)  

Stage 1 (140-159 SBP 

or 90-99 DBP) 

10,120 (30.80) 8812 (30.85) 1199 (30.41)  

Stage 2 (≥160 SBP or 

≥100 DBP) 

3,066 (9.33) 2660 (9.31) 371 (9.41)  

Missing 1,663 (5.06) 1359 (4.76) 259 (6.57)  

HbA1c     

Normal (≤6.5) 8,041 (24.47) 6995 (24.49) 957 (24.27) 0.15 

High (>6.5) 18,761 (57.10) 16368 (57.31) 2218 (56.25)  

Missing 6,054 (18.43) 5199 (18.20) 768 (19.48)  

HDL Cholesterol level     

Normal (≥40 mg/dL 

for male and ≥50 

mg/dL for female) 

14,766 (44.94) 12869 (45.06) 1750 (44.38) 0.45 

Abnormal 9,104 (27.71) 7924 (27.74) 1083 (27.47)  

Missing 8,986 (27.35) 7769 (27.20) 1110 (28.15)  

LDL Cholesterol level     

Normal (<100 mg/dL) 10,861 (33.06) 9391 (32.88) 1357 (34.42) 0.20 
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Near or above optimal 

(100 to 129 mg/dL) 

4,711 (14.34) 4082 (14.29) 552 (14.00)  

High (≥130 mg/dL) 3,984 (12.13) 3520 (12.32) 455 (11.54)  

Missing 13,300 (40.48) 11569 (40.50) 1579 (40.05)  

 

*351 patients started with ACE inhibitors + ARB combination therapy and switched to either ACE 

inhibitors or ARB in the next quarter. 

 

Comparative Effectiveness of ACE inhibitors and ARB. 

A total of 915 patients (2.79%) developed dementia during the follow-up. The median follow-up time 

was 11.25 quarters (1025 days) for ACE inhibitors 12.43 quarters (1135 days) for ARB. The unadjusted 

survival was significantly different (p for log‐rank test = 0.007) between ACE inhibitors and ARB 

users. The mean (±SD) value of stabilized weight derived for marginal structural model was 1.04 

(±0.96). 

Table 2 reports the risk ratio of ARB compared to ACE inhibitors. There was no statistically significant 

different between ACE inhibitors and ARB for the risk of dementia in unadjusted (HR, 0.86; 95% CI, 

0.73-1.01) and time-dependent Cox regression model (HR, 0.88; 95% CI, 0.75-1.04). The marginal 

structural model estimated statistically significant 39% (OR, 0.61; 95%CI, 0.50-0.77) reduction in the 

risk of developing dementia compared to ACE inhibitors. 

Table 2: Effect of angiotensin converting enzyme inhibitors (ACE inhibitors) and angiotensin receptor 

blockers (ARB) on the risk of dementia using standard Cox regression and marginal structural model 

Treatment Risk Ratio 95% Confidence Interval 

ARB vs. ACE inhibitors   

Unadjusted 0.86 0.73 – 1.01 

Time-dependent Cox regression 0.88 0.75 – 1.04 

Marginal structural Cox model 0.61 0.50 – 0.77 
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** IPTW stabilized weight, mean (SD) = 1.04 (0.96) 

 

Discussion 

The study compared ACE inhibitors and ARB for the risk of dementia in patients with type 2 diabetes 

and hypertension. The marginal structural model results suggested that ARB offers protective effect on 

the risk of dementia compared to ACE inhibitors. 

The ONTARGET trial performed head-to-head comparison of ARB (Telmisartan) and ACE inhibitor 

(Ramipril) and found that both drugs did not differ for cognitive impairment (OR, 0.90; 95% CI, 0.80-

1.01) and cognitive decline (OR, 0.97; 95% CI, 0.89-1.06). However in ONTARGET, the mean age of 

patients was 66 years, about a decade less than the point when dementia increases rapidly and the trial 

was underpowered and the median follow-up was 56 months. Authors also noted that future studies 

should follow patients for longer time with more sample size to detect small differences. Our study had 

sufficient sample size and followed patients for 10 years and found protective effect of ARB on 

dementia (OR, 0.61; 95%CI, 0.50-0.77). 

Our results were consistent with prior observational studies. Johnson et al. found protective effect of 

ARB (HR, 0.78; 95% CI, 0.71–0.85) compared to non-users in patients with type 2 diabetes and 

hypertension.[28] Li et al. used US Veteran Affairs data and found protective effect of ARB (HR, 0.81; 

95% CI, 0.68–0.96) compared to lisinopril.[39] Davies et al. found protective effect of ARB (OR, 0.47; 

95% CI, 0.37–0.58) compared with ACE inhibitors (OR, 0.76; 95% CI, 0.69–0.84) (Pdifference < 

0.001).[38] Yasar et al. estimated lower risk of dementia for ARB (HR, 0.31; 95% CI, 0.14-0.68) and 

ACE inhibitors (HR, 0.50; 95% CI, 0.29-0.83).[63] Hajjar et al. found that patients receiving ARB had 

improvement in MMSE and CDT scores compared to non-users whereas ACE inhibitors users had 

lower rate of MMSE and CDT decline.[61] Telmisartan/ hydrochlorothiazide combination significantly 
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improved some cognitive functions, particularly episodic memory and visuospatial abilities compared to 

lisinopril/ hydrochlorothiazide.[110] 

Previous epidemiological studies have showed protective effect of ARB on the risk of dementia ranging 

from 19% to 69%, whereas our study estimated 39% reduction in the risk of dementia. All prior studies 

have used standard regression methods to account for confounding with shorter follow-up. Furthermore, 

none of the study has considered time varying effect of blood pressure on dementia outcome. Studies 

have shown that in the presence of time-varying confounder (blood pressure) which is affected by 

previous treatment history, MSM estimates may provide the best representation of true causal treatment 

effects.[107, 111] Therefore, we may argue that our estimates may be the best guess for true causal 

estimates.  

Our study had several strengths. The study used an EMR data which allowed us to control for several 

clinical variables. The sample size was large and the follow-up period was long enough, ten years, to 

capture the effect of ACE inhibitors and ARB on the risk of dementia.  The “new user” study design 

further ensures no overestimation of effects of drugs due to long‐term use.[104] The study used 

marginal structural model to adequately control for time-dependent confounder, blood pressure, affected 

by treatment history. Prior research has shown that results from MSM estimates are closer to true 

treatment effect estimates.[107] 

Our study had following limitations. The CPRD data record the prescription of ACE inhibitors or ARB 

but whether patient took the drug is unknown. Prior studies have found good association of drug intake 

with relevant outcomes suggesting that patients are actually taking the drugs.[112] The blood pressure 

data was missing for nearly 47% person-quarter observations for marginal structural model analysis. 

Prior studies have imputed up to 60% missing blood pressure values in CPRD database and indicated 
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that it is possible to implement multiple imputation with this level of missing data. [106, 107] In MSM, 

we made an assumption of no unmeasured confounder, which remains untestable. However, it is likely 

that any potential unmeasured confounders would be correlated with measured variables, thus reducing 

residual confounding.[113] We only considered blood pressure as the time varying covariate. However, 

one can include other time-varying confounders such as cholesterol, HbA1c, BMI or smoking status. 

Prior studies have used only blood pressure as time-varying covariate in MSM to reduce complexity of 

the model.[107, 111] Also, the proportion of missing values for these variables in the data precluded us 

from using as time varying covariates. The study did not account for competing risk, i.e. death but the 

proportion of people who died in ACE inhibitors (14.73%) and ARB (14.62%) groups were similar 

which indicates that competing risk may not have significant impact on the study findings. The study 

used UK based electronic medical records data and generalizability of the study findings should be 

limited to similar population. 

 

Conclusions 

In conclusion, ARB offers protective effect on the risk of dementia compared to ACE inhibitors in 

patients with type 2 diabetes and hypertension. When there is no treatment available for dementia, 

prevention or delaying onset of dementia may help reduce the overall disease burden. Therefore, 

pharmacotherapy with ARB may be useful in elderly patients with type 2 diabetes and hypertension. 
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Conclusions and Implications 

In conclusion, we have developed and validated RxDx-Dementia risk index for dementia in patients 

with type 2 diabetes and hypertension. The RxDx-Dementia risk index which incorporated diagnosis 

and prescription-based information in a single summary score performed better than diagnosis or 

prescription-based comorbidity scores or its combinations. The RxDx-Dementia risk index can be used 

for prognostic purpose or to control confounding in epidemiological studies. ARB offers protective 

effect on the risk of dementia compared to ACE inhibitors in patients with type 2 diabetes and 

hypertension. When there is no treatment available for dementia, prevention or delaying onset of 

dementia may help reduce the overall disease burden. Therefore, pharmacotherapy with ARB may be 

useful in elderly patients with type 2 diabetes and hypertension. 
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