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DISSERTATION SUMMARY 

Objectives: Specific aims of the study are: (1) To develop and validate a late-life dementia risk 

index using EMR database to predict the risk of developing dementia in elderly population. (2) To 

examine comparative effectiveness of antidepressants classes on risk of dementia in elderly with 

depression.  

Methods: The retrospective cohort study was conducted using General Electric (GE) Centricity 

Electronic Medical Records (EMR) database (2000-2011) to address research objectives. The 

Multivariate logistic regression using stepwise procedure was used to develop late-life dementia 

risk index. The risk of dementia among users of different antidepressant classes was modeled 

using Cox hazard regression model.  

Results: The late-life dementia risk model included older age (65-70 years, 71-75 years, and > 75 

years), gender (female), race (black, hispanic and other racial group), depression, brain injury, 

cerebrovascular disorder, hyperlipidemia, hemoglobin level, creatinine level, albumin, and BMI. 

The final index had a maximum possible score of 25 points and a c-index of 0.725 (0.722-0.728). 

The results were identical using the 10-fold cross-validation approach (c statistic, 0.740; 0.736-

0.744). The parsimonious model with only demographics and medical conditions included age, 

gender, race, depression, brain injury, cerebrovascular disorder, hypertension, and 

hyperlipidemia. The c-statistics of the model was 0.726 (0.723-0.730). The multivariate survival 

analysis after controlling for potential confounders found no significant difference (SNRI (HR 1.12 

(95% CI, 0.92-1.35), Modified Cyclics (HR 0.79 (0.57-1.10) and Tetracyclics (HR 1.15 (0.85-1.55) 

across different antidepressant classes with respect to risk of dementia. 

Conclusion: The late-life dementia risk index developed using readily available EMR database can 

be used in routine clinical and research practice. In this retrospective analysis, no significant 

difference was observed between different antidepressant treatments groups with respect to risk 

of dementia. Large-scale prospective clinical trials are needed to examine comparative 

effectiveness of antidepressant treatment for delaying onset of dementia in elderly with 

depression.   
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SPECIFIC AIMS 

The rise in the incidence of dementia is a source of major public health concern, as the disability 

associated with this condition, leads to high personal, social and economic costs. Dementia, 

including Alzheimer disease, affects approximately 8-10% of people older than 65 years and as 

many as 40% of those older than 85 years.[1] The prevalence of Alzheimer’s disease- the most 

common form of dementia- in the USA is currently more than 5 million, and a new person 

develops the disease every 70 seconds.[2]  There is growing consensus in the field of Alzheimer’s 

Disease (AD) research that it may be difficult to develop drugs that can reverse the progression of 

disease. [2, 3, 4] Therefore the goal has shifted toward identification of individuals earlier in the 

disease process, when symptoms are mild as well as identification of asymptomatic individuals so 

that they can be targeted for prevention and targeting early intervention.    

The recent National Institute of Health (NIH) State-of-the-Science Conference on Preventing 

Alzheimer’s Disease and Cognitive Decline have recognized several clinical, social, economical, 

nutritional, behavioral and genetic factors associated with risk of dementia based on 

observational studies and controlled-clinical trials along with expert consensus. [5] Large number 

of risk factors includes demographics (age, gender, education, race/ethnicity), cardiovascular risk 

factors (diabetes, hypertension, obesity and stroke), genetic factors (APOE genotype), lifestyle 

factors (physical and mental activity, diet, smoking, and alcohol consumption), psychosocial 

factors (depression, social activity), cognitive function, biomarkers (c-reactive protein), and MRI 

findings (hippocampal atrophy, white matter disease and ventricular atrophy). Identification of 

individuals at increased risk of dementia through risk factor assessment would allow more 

efficient targeting of preventive measures. Risk indices, also known as prognostic statistical 

models, are tools that are used to predict the likelihood that an individual will experience given 

event within given time frame. Late-Life Dementia Risk Index has been recently developed to 

identify high-risk individuals using community based prospective cohorts. [6-9] However, Late-

Life risk index includes measures such as cerebral MRI, Doppler ultrasound to measure intima 

medial thickness of arteries and APOE genotype that may not be readily available, time 

consuming and expensive to obtain in routine practice. Measures such as the Modified Mini-

Mental State Exam measure of global cognitive function (3-MS) and the Digit Symbol Substitution 

Test (DSST) are also included in the risk index which are not routine tests administered in the 

clinical settings. Additionally such tests are designed to screen prevalent dementia. However it is 

also important to develop tool to identify individuals who are currently asymptomatic but have 

high risk of developing dementia within their lifetime. Readily available large electronic medical 

records (EMR) are widely used in developing risk indices which can be used in targeting 
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interventions towards those at greater risk as well as to adjust for confounders in future 

epidemiological and economical studies in context of dementia. This data represent care practiced 

throughout the community rather than in specialized settings and also contains richer clinical 

information than claims data. [10] There is a need to develop and validate a dementia risk index 

in elderly using information readily available in administrative EMR database that can be easily 

incorporated into routine clinical and research practice.   

In elderly, there is a great under-diagnosis and under-treatment of late-life depression with the 

most serious consequences of increasing incidence of dementia and cognitive impairment. 

Depression may be a risk factor or an early manifestation of dementia of Alzheimer and Vascular 

type. More than 10% (nearly 3.6 million) of Alzheimer Disease (AD) cases worldwide and almost 

15% (over 780, 000) in the USA are potentially attributable to depression. [11] However, very 

little is known about the role of antidepressants in prevention of dementia in depressed elderly. 

The antidepressants treatment of depression may act as preventives for neurodegenerative 

dementias due to their anti-inflammatory potential which inhibits pro-inflammatory mediators 

which in turn degenerates neurons. [12] Lack of improvement in cognition following treatment of 

depression may be associated with increased risk of meeting diagnostic criteria for dementia. [13] 

Antidepressants may have differential effects on cognition in patients with depression. The 

differential cognitive profiles have been observed amongst SSRIs (Selective Serotonin Reuptake 

Inhibitors) and other new antidepressants such as SNRI (Selective Nor-epinephrine Reuptake 

Inhibitors) in few clinical trials and prospective studies. [14-17] However long-term comparative 

effectiveness of antidepressants in preventing dementia are unknown. 

Using retrospective cohort design involving elderly using GE Centricity Electronic Medical 

Records (EMR) database, the proposed study will develop and validate late-life dementia risk 

index and examine comparative effectiveness of antidepressants in delaying onset of dementia in 

depressed elderly. Specific aim of the study is: 

(1) To develop and validate a late-life dementia risk index using EMR database to predict the risk 
of developing dementia in elderly population  
 

(2) To examine comparative effectiveness of antidepressants classes on risk of dementia in 
elderly with depression. 

In the longitudinal data involving community-dwelling elderly, the following research hypothesis 

will be tested: 

For objective 2, that there are differences among antidepressants classes in reducing the risk of 

dementia in elderly depressed patients after controlling for selection bias. 
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BACKGROUND AND SIGNIFICANCE 

Prevention of Dementia 

Dementia is very common in late-life with the risk of dementia doubling every 5 years after the 

age of 65 years. [18] Dementia is a progressive deterioration in cognitive functioning that may be 

due to number of factors, including neurobiological ones which interfere with activities of daily 

living, poor impulse control, inability to follow simple directions, language disturbances, failure to 

identify objects, inability to think beyond the present, and delusions. [19-20] About 33.9 million 

people worldwide have AD at present, and according to the estimates from the Alzheimer’s 

Association, 5.3 million people in the USA have the disease. [21-22] By 2050, the number of 

people with AD and other forms of dementia in the US is expected to almost triple.[23] AD 

accounts for 50-60% of dementia cases. [24] The other types of dementia include Lewy body 

dementia, vascular dementia, mixed dementia, and frontotemporal dementia.[24] Dementia is 

principle cause of disability, institutionalization, and mortality in older people.[25] Consequently, 

the cost of caring for people with dementia will rise along with prevalence. It is estimated that the 

cost of caring people with dementia will grow to $1.1 trillion by 2050.[22]  

The available drugs for dementia such as cholinesterase inhibitors (ChEIs) and memantine have 

small effect size and do not alter disease progression. [11, 23, 26]  Thus, the goal has shifted 

towards prevention of dementia at its early stage or delaying progression from a predementia 

stage to dementia. The prevention of dementia through risk factor identification and modification 

is of utmost importance until new disease-reversing agents are proved efficacious. [23] The 2008 

Leon Thal Symposium (LTS) plan incorporated into the report of the Alzheimer’s Study Group 

(ASG) presented to the 111th Congress in 2009 recommended ‘prevention’ as a key priority and 

was incorporated into ‘The Alzheimer’s Breakthrough Act of 2009’. [4] The prevalence of 

dementia would be reduced by 50% if risk reduction strategies were successful in delaying its 

onset by 5 years. [27] 

Modifiable and other risk factors for dementia 

The Age is considered to be primary and most important risk factor for dementia. However over 

the past several decades, numerous other risk factors have been identified by numerous 

observational as well as randomized clinical trial studies. Several other risk factors includes 

demographics (gender, education, race/ethnicity), medical conditions (diabetes, cardiac 

disorders, cerebrovascular disorder, metabolic syndrome, traumatic brain injury and depression), 

genetic factors (APOE genotype), lifestyle factors (physical and mental activity, diet, smoking, and 
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alcohol consumption), psychosocial factors (social activity, and social support), cognitive function, 

biomarkers (c-reactive protein), and MRI findings (hippocampal atrophy, white matter disease 

and ventricular atrophy). [28-30, 5, 6]    Recently, National Institute of Health (NIH) State-of-the-

Science Conference’s systematic review based on observational studies and controlled-clinical 

trials (when available) along with expert consensus have identified several protective as well as 

increasing risk factors associated with cognitive decline and Alzheimer Disease . [5] The panel 

reviewed multiple factors, including nutritional, medical, social, economic, behavioral, 

environmental, and genetic factors. The overall quality of evidence for each factor was also 

summarized as low, moderate or high based on GRADE (Grading of Recommendations 

Assessment, Development, and Evaluation) principle.  Based on the review, medical conditions 

such as diabetes, hyperlipidemia in mid-life, depression and traumatic brain injury in males were 

found to be associated with increased risk of AD. However, the level of evidence was low for each 

of these factors. The epsilon 4 allele of the apolipoprotein E gene (APOE e4) allele was found to 

have most consistent and highest association with AD and had moderate level of evidence. In the 

medication category, use of statins, estrogen and antihypertensives was found to decrease risk of 

AD with low level of evidence.  In the social, economic, and behavioral category, current smoking 

was found to be associated with increased risk of AD. Moderate use of alcohol, more years of 

education, and higher levels of cognitive engagement, participation in physical leisure activity was 

found to be associated with decreased risk of AD. Limited data on marriage and social support 

suggest that never being married and having less social support are associated with a moderately 

increased risk of AD. However, as other factors the level of evidence was summarized as low for 

these factors. In the nutrition category, higher levels of folic acid and higher adherence to a 

Mediterranean diet were found to be associated with a small to moderate decrease in risk of AD 

but with low level of evidence. The study systematic review also found environmental factors 

such as pesticides to have large association with increased risk of AD but with low level of 

evidence. Thus, potential modifiable risk factors have been identified from the evidence on risk or 

protective factors associated with AD.  

Dementia Risk Index 

The identification of individuals with dementia earlier in the disease process, when symptoms are 

mild as well as identification of asymptomatic, high-risk individuals so that they can be targeted 

for prevention and early intervention are very important. Risk indices also known as prognostic 

models, are tools that are used to predict the likelihood that an individual will experience a given 

event within given time frame. [6, 31] Typically, risk indices are developed as statistical models 

that use a weighted scoring system after combining information regarding the known risk factors 
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for a particular outcome such as risk of dementia to produce risk estimates for individuals. [32-

34] The goal of a risk index is to determine which combination of factors is most predictive of 

future risk. Risk index methodology has only recently been applied to predict risk of dementia. 

Dementia risk models have mainly drawn data from neuropsychological testing and 

sociodemographic variables including age, sex and education. [35] However, such models cannot 

identify asymptotic individuals at risk of dementia.  

Some of the health-based dementia risk prediction models are based on only vascular risk factors. 

[8] One of these models are designed to identify middle-aged individuals who could be targeted 

for treatment of cardiovascular risk factors . [9] The other vascular-based risk factor model 

developed by Reitz et al, is designed to administer in older adults. Risk factors contributing to the 

risk score were age, sex, education, ethnicity, APOE genotype, history of diabetes, hypertension or 

smoking, high-density lipoprotein levels, and waist to hip ratio. [8] The c-statistic for the model 

was found to be 0.79, and the risk to develop probable late-onset Alzheimer’s Disease was 1.0 for 

persons with a score of 0 to 14 and increased 3.7-fold for persons with score of 15 to 18, 3.6-fold 

for persons with score of 19 to 22, 12.6-fold for persons with a score of 23 to 28, and 20.5-fold for 

persons with a score higher than 28. However, this risk-index model excludes several other risk 

factors like psychological disorder such as depression and traumatic brain injuries, and 

behavioral measures which play an important role in predicting risk of dementia.   

Few multifactorial models typically combining demographic, neuropsychological measures, 

health and genetic variables have been developed previously using population-based prospective 

longitudinal studies.   

The most comprehensive of these models is the Late-Life Dementia Risk developed by Barnes et 

al, which used combination of demographic, cognitive (measured by Modified Mental State 

Examination [3MSE] and Digit Symbol Substitution [DSST]), behavioral, functional, medical, life-

style, psychosocial, genetic, self-rated health, total number of prescriptions, cerebral MRI, carotid 

artery ultrasound, and serum measures to predict risk of developing dementia within 6 years 

(Barnes et al, 2009). The final late-life dementia risk index included older age (75-79 years (1 

point), 80-100 years (2 point)), poor cognitive test performance (Low Modified Mini-mental State 

Examination (3MS)-2 points, Low Digit Symbol Substitution (DSST)- 2 points), body mass index 

(BMI) <18.5 (2 points), >= 1 APOE alleles (1 point), cerebral MRI findings of white matter disease 

(1 point) or ventricular enlargement (1 point), internal carotid artery thickening on ultrasound (1 

point), history of bypass surgery (1 point), slow physical performance (1 point), and lack of 

alcohol consumption (1 point). The possible core range was from 0 to 15 with c statistic of 0.81. 
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The negative predicted value (using a threshold of 0.5 or greater to indicate dementia) was 90% 

while PPV was 56% for a combined total of 88% correctly classified. Risk of incident dementia 

was <5% in the low-risk group (index score range 0-3), <25% in the moderate-risk group (index 

score range 4-7) and  50% in the high-risk group (index score >=8). This late-life dementia risk 

index includes several measures such as cerebral MRI, Doppler ultrasound to measure intima 

medial thickness of arteries and APOE genotype that may be time consuming and expensive to 

obtain. This risk index may be impractical to administer in many clinical and research settings. [2] 

Consequently, a Brief Dementia Risk Index was developed involving demographic factors, 

individual items from the Modified Mini-Mental State Exam and Center for Epidemiologic Studies-

Depression Scale 10-item questionnaire, history of medical conditions, self-reported physical 

function, and lifestyle factors. The accuracy of brief dementia risk index was as high as the original 

model (c statistic, 0.77). The specific items included in the final brief dementia risk index were 

older age, recall of <2 or 3 words presented after a brief delay, incorrectly copying a figure of two 

pentagons that intersect to form a diamond; incorrectly performing either of the first 2 steps of 3-

step request (take piece of paper in left hand, fold in half with both hands and hand back); 

inability to name at least 10 four-legged animals in 30 seconds; self reported “trouble keeping my 

mind on what I was doing” three or more days per week during past month; medical history of 

stroke, peripheral artery disease, or coronary artery bypass surgery; low body mass index (< 

18.5); and lack of current alcohol consumption. However, measures such as the Modified Mini-

Mental State Exam measure of global cognitive function (3-MS) and the Digit Symbol Substitution 

Test (DSST) included in the index are not routine tests administered in the clinical settings. [10]  

Thus, previous dementia risk-index are based on prospective small community-based study 

populations and consist of several measures which may be difficult to obtain and time-consuming. 

Previously available risk index includes neuropsychological measures such as 3-MS cognitive 

functional scale and DSST that are not routinely administered by clinicians to asymptotic 

individuals at risk of dementia. The important limitation of available late-life dementia risk index 

is that they have not been independently validated in other study populations. Late-life dementia 

risk index was developed in a community-based study performed in four US cities. Considering 

the several measures included in these risk index it is difficult to validate the scale in other study 

populations due to time, feasibility and cost constraints. There is a need to develop parsimonious 

and cost-effective consensus model that identifies individuals with a high risk of future dementia. 

Readily available large administrative database and electronic medical records (EMR) are widely 

used in developing risk indices which can be used in targeting interventions towards those at 

greater risk as well as to adjust for confounders in future epidemiological and economical studies 
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in context of dementia. EMR are widely used for patient management and monitoring as well as 

for research purposes. This data represent care practiced throughout the community rather than 

in specialized settings.[10]  EMR also contains clinically richer patient information that usual 

administrative claims databases.  There is a need to develop a dementia risk index tool using 

clinical information readily available in large EMR database to identify asymptomatic patients at 

risk of dementia. This study will develop predictive model for dementia based on known risk 

factors and validate performance of the late-life dementia risk index using readily available EMR. 

The late-life dementia risk index developed using electronic medical records will be useful in 

clinical and research practice.  

Depression and Risk of Developing Dementia 

Clinical, and epidemiologic studies show an association between late-life depression and 

subsequent dementia. A personal history of depression has been related to increased risk of 

developing Alzheimer disease (AD) and its precursor, mild cognitive impairment (MCI). [13, 36-

42]  A substantial literature based on epidemiological studies validates clinical observation that 

depression often leads to cognitive impairment in elderly patients , and in non-demented 

individuals, both depression and cognitive decline are associated with subsequent onset of 

dementia.[43] The pathophysiologic mechanisms underlying this increased risk include several 

molecular mechanisms and neurobiological links. A substantial evidence from animal and human 

studies have shown that depression activate the Hypothalamic-pituitary-adrenal (HPA) axis 

which in turn damage the hippocampus and increase adrenal glucocorticoid levels ultimately 

resulting in hippocampal atrophy and cognitive deficits. [44-47] Depression induced alteration in 

serotonergic system along with HPA axis can lead to AD- related neurodegeneration like the 

formation of neurofibrilliary tangles and amyloid plaques .[44-47] Several studies have also 

demonstrated that chronic inflammation has a central role in the pathophysiology of depression 

and dementia. [44] Chronic inflammation leads to increase level of proinflammatory cytokines, 

which in turn decreases anti-inflammatory regulation and hippocampal neurogenesis. [44-47] 

Chronic inflammation may explain why history of depression with chronic inflammation can lead 

to development of AD. Another proposed link between depression and dementia is a decrease in 

the levels of neurotophic factors such as brain-derived neurotrophic factor (BDNF) and 

transforming growth factor (TGF-1) that impairs neuronal protection and signaling. The 

‘Vascular depression hypothesis’ which states that cerebrovascular diseases predispose to, 

precipitates or perpetuates geriatric depressive syndromes also supports link between 

depression and dementia. Vascular disease can be underlying link between depression and 

dementia. A number of studies have reported that cortical white matter lesions as well as 
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structural brain changes may contribute to late-life depression or vice verse. Ischemic changes in 

frontostriatal brain regions may lead to substantial cognitive deficits. [44-47]       

A dose-response relationship between recurrent episodes of elevated depressive symptoms or 

severity of depression and risk of dementia has also been identified.[48-49, 45] Depression and 

dementia may be related in several ways. Depression symptoms can impair cognitive functions, 

which results in ‘psuedodementia’ presentation that in turn increases risk of mild cognitive 

impairment (MCI) and its progression to dementia.[50] The prevalence of depression in pre-

dementia syndromes (mild cognitive impairment) is 3-63.3% (median value: 15.7%) according to 

population-based studies and 9-83% (median value: 44.3%) according to hospital-based studies. 

[51] Several studies have identified predictive role of depression in conversion of mild cognitive 

impairment to dementia. [41, 50, 52-54] In one study, depression in MCI conferred a 2.6-fold 

increased risk for AD. [38] However, late-life depression is a strong risk factor for dementia in the 

presence and absence of MCI.  

Depression may be a risk factor or an early manifestation of dementia of Alzheimer and Vascular 

type. [51, 55]  Two separate meta-analysis conducted in 2000 and 2006 concluded that history of 

depression approximately doubles the risk of dementia in general and AD in particular. [55-56] 

Recently, several prospective studies have also found evidence supporting increased risk of 

dementia associated with late-life depression. Few case-control studies have also confirmed this 

association. [55-61] One study based on Swedish twins partially controlling for genetic factors 

concluded that twins with prior depression were thrice more likely to develop dementia 

compared to their non-depressed twin partners with similar age of depression gradient. [61]  

Effectiveness of Antidepressant in Preventing Risk of Dementia in Depressed Elderly 

Depression is considered to be a modifiable risk factor for prevention of dementia. More than 

10% of AD cases worldwide and almost 15% in the U.S are potentially attributable to 

depression.[11]  A 10% reduction in depression prevalence could potentially result in about 326, 

000 fewer AD cases worldwide and 68,000 fewer cases in U.S.[11] However, whether treatment of 

depressive symptoms reduces risk of dementia has not yet been widely studied. Various types of 

antidepressants can suppress serum and plasma levels of pro-inflammatory mediators, which can 

lead to chronic inflammation and thus AD. [12] Antidepressant also stimulates BDNF and TGF-1 

synthesis and thus can exert neuroprotective effects against AD.[44] Antidepressant compounds 

increases synaptic levels of one or more monoamines and monoaminergic pathways play a crucial 

role in modulation of cognition. Some of the antidepressants mainly older Tricyclic 

antidepressants (e.g. nortriptyline, maprotiline, amitriptyline) possess anticholinergic properties 
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and can thus worsen cognitive impairment in depressed elderly. [62] Whereas newer Selective 

Serotonin Reuptake Inhibitors (SSRI) (e.g. sertraline, fluoxetine, paroxetine, citalopram, 

fluoxamine), Selective Nor-epinephrine Reuptake Inhibitors (SNRI) (e.g. venlafaxine, duloxetine) 

and other antidepressants (egs. monoamine-oxidase inhibitors, buproprion, mirtazapine) may not 

worsen cognitive impairment. [63-66]                

A number of studies have been performed to examine the impact of antidepressants on 

cognitive performance such as attention, ability to concentrate, memory, problem solving and 

visuoperception in healthy volunteers and depressed patients. [67-77, 14-15]  Some studies have 

found cognitive performance to improve and even return to normal levels when patients respond 

to antidepressant treatment, while others have demonstrated persistent cognitive deficits in fully 

remitted patients. [67-77, 14-15]   However inconsistency in the findings can be due to lack of 

control group, lack of longitudinal data, and variety of cognitive tests used. For example, 

improvement in episodic memory has been reported with SSRI treatment such as fluoxetine, 

sertraline and paroxetine.[78-79] Improvement in cognition has also been observed with other 

second generation antidepressants such as SNRI duloxetine, venlafaxine and escitalopram, 

tetracyclics mirtazapine  and also modified cyclics such as trazodone.[80-82]  Some studies 

reported beneficial effects of SSRI fluoxetine and sertraline in improving memory and attention 

skills compared to tricylics nortriptyline and desipramine, respectively.[81-83] The pronounce 

cognitive impairing of paroxetine and facilitating cognitive effects of sertraline in depressed 

elderly were found in randomized clinical trial.[77] On the other hand, others have also 

demonstrated improved episodic and working memory with SNRI compared to SSRI in a clinical 

trial.[14-15] Thus, differential effects of various antidepressant classes on cognition have been 

observed in several short-term clinical trials and prospective studies.  

Very few studies have examined long-term effects of antidepressant on risk of 

developing dementia. Kessing et al, conducted retrospective observational study using Danish 

registry and identified that rate of dementia increased during initial prescription period and 

decreased with continued long-term antidepressant treatment. [84-85] They also found that rate 

of dementia decreased during periods of two or more prescriptions of older antidepressants 

compared to only one prescription, and no change in dementia rate in continued use of SSRI or 

SNRI in patients with depressive disorder. However, none of the studies have assessed head-to-

head comparison of different antidepressant classes in preventing dementia in depressed elderly. 

Consequently, there is an urgent need to examine comparative effectiveness of different 

antidepressant classes and risk of developing dementia.  
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Figure 1. Relationship between depression and risk of dementia and effect of antidepressants 
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Developing a late-life dementia risk index using nationally representative electronic medical 

records represents a novel approach to better understand predictive ability of several modifiable 

risk factors of dementia. Since, available drugs for dementia do not alter disease progression, 

‘prevention’ is a key strategy to address public health burden related to dementia. With the 

ongoing efforts of developing national registries for the prevention of Alzheimer’s Disease and 

linking it with other longitudinal databases such as electronic medical records as discussed at 

Leon Thal Symposium ‘09, this dementia risk index can be used as a “gold-standard” for 

identifying individuals at risk of dementia based on the information available from the medical 

records. The EMR based late-life dementia risk index could be used in several clinical settings to 

monitor more closely for symptoms onset in the patients at future risk of dementia since it will 

include risk factor measures which are routinely collected by the physicians and nurses. Thus, it 

will increase usability of dementia-risk index by clinicians as part of routine clinical practice. It 
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can also be used for early treatment inititiatives and motivating patients for positive lifestyle 

changes.   

Currently available dementia risk-index are based on prospective small community-based study 

populations and consist of several measures which may be difficult to obtain and time-consuming 

in routine practice. The existing late-life dementia risk indexes also require trained personnel to 

administer these tools and are also not cost-effective. The utility of these tools is also restricted 

because of ethical constraints as administering neuropsychological measures in individuals who 

are asymptomatic might increase emotional burden in such individuals. Large administrative 

databases such as electronic medical records are widely used for epidemiological research and for 

patient management and monitoring purposes. The late-life dementia risk index that will be 

developed can be incorporated into routine research, and clinical practice for identification of 

asymptotic individual at increased risk of dementia. EMR-based interventions can also be 

developed which can use this prognostic tool to identify at risk individuals and prevent 

development of dementia in future. The dementia risk-index developed using nationally 

representative EMR data will be more generalizable and can be widely used in various clinical 

settings and in future epidemiological research related to risk of dementia. The innovative 

approach of using “EMR” database in developing dementia risk index will help identifying 

individuals at risk of dementia in several clinical and research settings and can be incorporated in 

the ongoing efforts to develop National Registries and other longitudinal database for prevention 

of dementia.  

The proposed study compared depression treatments for risk of dementia. The result of the study 

will help health care providers and policy makers to develop prevention strategy and manage 

elderly with depression to prevent subsequent development of dementia. Compared to previous 

research, this study will provide head-to-head comparison of different antidepressants classes 

and risk of dementia.  

 

The next two sections provide study design details, results, conclusions in the form of 

manuscripts drafts for each of the specific aims. 

Manuscript 1- Specific Aim 1 

Manuscript 2- Specific Aim 2 

 



13 
 

MANUSCRIPT 1 

Predicting Risk of Dementia in Older Adults: 

The Late-Life Dementia Risk Index using Large Electronic Medical Records Database 

Abstract 

Objective: To develop and validate a late-life dementia risk index using EMR database to predict 

the risk of developing dementia in elderly population.  

Methods: The retrospective cohort study was conducted using General Electric (GE) Centricity 

Electronic Medical Records (EMR) database (2000-2011). The subject consist of persons 60 years 

of age and older with two years of baseline data and five years of follow up period. The predictors 

of dementia included several vascular risk factors, other medical condition, demographics and lab 

results. The patients with a diagnosis of dementia or having prescription of Cholinesterase 

Inhibitors or memantine before the follow-up period started were excluded from the study. 

Multivariate logistic regression model with stepwise forward and backward selection was used to 

develop late-life dementia risk index and was validated using k-fold cross-validation approach.  

Results: A total of 325,248 subjects were identified after applying inclusion and exclusion criteria. 

Approximately six percent (N= 20,272) of the population developed dementia over the 5-years of 

follow-up. The late-life dementia risk model included older age (65-70 years, 71-75 years, and > 

75 years), gender (female), race (black, hispanic and other racial group), depression, brain injury, 

cerebrovascular disorder, hyperlipidemia, hemoglobin level, creatinine level, albumin, and BMI. 

The final index had a maximum possible score of 25 points and a c-index of 0.725 (0.722-0.728). 

The results were identical using the 10-fold cross-validation approach (c statistic, 0.740; 0.736-

0.744). The parsimonious model with only demographics and medical conditions included age, 

gender, race, depression, brain injury, cerebrovascular disorder, hypertension, and 

hyperlipidemia. The c-statistics of the model was 0.726 (0.723-0.730).  

Conclusion: The late-life dementia risk index developed using readily available EMR database can 

be used in routine clinical and research practice. Future research should validate this scale using 

other administrative database.    
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INTRODUCTION 

Dementia is a major and growing public health problem in the United States and 

worldwide. It leads to progressive deterioration in cognitive functioning due to number of factors, 

including neurobiological ones which interferes with activities of daily living, poor impulse 

control, inability to follow simple directions, language disturbances, failure to identify objects, 

inability to think beyond the present, and delusions. [19-20] Dementia is very common in late-life 

with the risk of dementia doubling every 5 years after the age of 65 years.[18] Alzheimer Disease 

(AD) accounts for 50-60% of dementia cases.[24] The other types of dementia include Lewy body 

dementia, vascular dementia, mixed dementia, and frontotemporal dementia.[24] About 33.9 

million people worldwide have Alzheimer’s Disease (AD) at present, and 5.3 million people in the 

USA have AD, which is the seventh leading cause of death in the US.[21-22] Dementia is principle 

cause of disability, institutionalization, and mortality in older people.[25] Consequently, the cost 

of caring for people with dementia will rise along with prevalence. It is estimated that the cost of 

caring people with dementia will grow to $1.1 trillion by 2050 (Alzheimer Disease Association). 

Economic costs and human suffering among family members and caregivers is incalculable.[22] 

The available drugs for dementia such as cholinesterase inhibitors (ChEIs) and memantine have 

small effect size and do not alter disease progression. [11, 23, 26]  Thus, the goal has shifted 

towards prevention of dementia at its early stage or delaying progression from a predementia 

stage to dementia. The prevention of dementia through risk factor identification and modification 

is of utmost importance until new disease-reversing agents are proved efficacious. [23] The 2008 

Leon Thal Symposium (LTS) plan incorporated into the report of the Alzheimer’s Study Group 

(ASG) presented to the 111th Congress in 2009 recommended ‘prevention’ as a key priority and 

was incorporated into ‘The Alzheimer’s Breakthrough Act of 2009’. [4] The prevalence of 

dementia would be reduced by 50% if risk reduction strategies were successful in delaying its 

onset by 5 years. [27] Consequently, identification of individuals with dementia earlier in the 

disease process, when symptoms are mild as well as identification of asymptomatic, high-risk 

individuals so that they can be targeted for prevention and early intervention are very important.  

Risk indices also known as prognostic models, are tools that are used to predict the likelihood 

that an individual will experience a given event within given time frame. [6, 31]  Typically, risk 

indices are developed as statistical models that use a weighted scoring system after combining 

information regarding the known risk factors for a particular outcome such as risk of dementia to 

produce risk estimates for individuals. [32-34] The goal of a risk index is to determine which 

combination of factors is most predictive of future risk. Risk index methodology has only recently 
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been applied to predict risk of dementia. Dementia risk models have mainly drawn data from 

neuropsychological testing and sociodemographic variables including age, sex and education.[35] 

The dementia risk models can be broadly divided into following categories: cognitive test models; 

health based multifactorial models typically combining demographics, neuropsychological 

measures, medical conditions, functional measures, neuroimaging or genetic variables; and 

models predicting multi-dementia subtypes based on preclinical conditions.[35]  

The cognitive test models and models based on preclinical conditions are mainly used 

for identifying individuals with prodromal symptoms of dementia. The multifactorial models 

allow risk factor manipulation to be undertaken before the influence of age and disease 

comorbidity limits intervention option to prevent development of dementia. The aim of 

multifactorial models is to classify asymptomatic individuals into various risk categories (such as 

low, moderate and high) for developing dementia so that decisions related to intervention can be 

followed. Few dementia risk indices using health based multifactorial modeling have been 

developed previously. Some of the health-based dementia risk prediction models are based on 

only vascular risk factors .[8-9, 86] Two of these models are designed to identify middle-aged 

individuals who could be targeted for treatment of cardiovascular risk factors.[9, 86] The other 

vascular-based risk factor model developed by Reitz et al, is designed to administer in older 

adults.[8] Risk factors contributing to the risk score were age, sex, education, ethnicity, APOE 

genotype, history of diabetes, hypertension or smoking, high-density lipoprotein levels, and waist 

to hip ratio. The c-statistic for the model was found to be 0.79, and the risk to develop probable 

late-onset Alzheimer’s Disease was 1.0 for persons with a score of 0 to 14 and increased 3.7-fold 

for persons with score of 15 to 18, 3.6-fold for persons with score of 19 to 22, 12.6-fold for 

persons with a score of 23 to 28, and 20.5-fold for persons with a score higher than 28. However, 

this risk-index model excludes several other risk factors like psychological disorder such as 

depression and traumatic brain injuries, and behavioral measures which play an important role in 

predicting risk of dementia.   

Few multifactorial models typically combining demographic, neuropsychological measures, 

health and genetic variables have been developed previously using population-based prospective 

longitudinal studies.  The most comprehensive of these models is the Late-Life Dementia Risk 

developed by Barnes et al, which used combination of demographic, cognitive (measured by 

Modified Mental State Examination [3MSE] and Digit Symbol Substitution [DSST]), behavioral, 

functional, medical, life-style, psychosocial, genetic, self-rated health, total number of 

prescriptions, cerebral MRI, carotid artery ultrasound, and serum measures to predict risk of 

developing dementia within 6 years. The final late-life dementia risk index included older age (75-
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79 years (1 point), 80-100 years (2 point)), poor cognitive test performance (Low Modified Mini-

mental State Examination (3MS)-2 points, Low Digit Symbol Substitution (DSST)- 2 points), body 

mass index (BMI) <18.5 (2 points), >= 1 APOE alleles (1 point), cerebral MRI findings of white 

matter disease (1 point) or ventricular enlargement (1 point), internal carotid artery thickening 

on ultrasound (1 point), history of bypass surgery (1 point), slow physical performance (1 point), 

and lack of alcohol consumption (1 point). The possible score range was from 0 to 15 with c 

statistic of 0.81. The negative predicted value (using a threshold of 0.5 or greater to indicate 

dementia) was 90% while PPV was 56% for a combined total of 88% correctly classified. Risk of 

incident dementia was <5% in the low-risk group (index score range 0-3), <25% in the moderate-

risk group (index score range 4-7) and 50% in the high-risk group (index score >=8). This late-life 

dementia risk index includes several measures such as cerebral MRI, Doppler ultrasound to 

measure intima medial thickness of arteries and APOE genotype that may be time consuming and 

expensive to obtain. This risk index requires several measures that are difficult to administer in 

many clinical and research settings. [2]  

A Brief Dementia Risk Index was developed for measurement and practical 

considerations. This scaled included demographic factors, individual items from the Modified 

Mini-Mental State Exam and Center for Epidemiologic Studies-Depression Scale 10-item 

questionnaire, history of medical conditions, self-reported physical function, and lifestyle 

factors.[7] The accuracy of brief dementia risk index was as high as the original model (c statistic, 

0.77). The specific items included in the final brief dementia risk index were older age, recall of <2 

or 3 words presented after a brief delay, incorrectly copying a figure of two pentagons that 

intersect to form a diamond; incorrectly performing either of the first 2 steps of 3-step request 

(take a piece of paper in left hand, fold in half with both hands and hand back); inability to name 

at least 10 four-legged animals in 30 seconds; self reported “trouble keeping my mind on what I 

was doing” on three or more days per week during past month; medical history of 

cerebrovascular disorder, peripheral artery disease, or coronary artery bypass surgery; low body 

mass index (< 18.5); and lack of current alcohol consumption. However, measures such as the 

Modified Mini-Mental State Exam measure of global cognitive function (3-MS) and the Digit 

Symbol Substitution Test (DSST) included in the index are not routine tests administered in the 

clinical settings. Consequently, there is a need to develop predictive models that identifies 

individuals with a high risk of dementia using readily available demographic and clinical 

measures.  

Clinically enriched large medical record databases are an excellent source of data and 

have been widely used in developing risk indices.  Medical record databases are derived from the 
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clinical records maintained by physician practices usually primary care providers in the course of 

providing care to the patients.[87] Thus, it contains comprehensive information on patient’s 

medical history, medications, procedures performed, laboratory results, as well as behavioral 

measures such as smoking history and alcohol use.[87] Dementia risk index tool developed based 

on clinical information readily available in large medical record databases can be valuable to 

identify asymptomatic patients at risk of dementia. This study will develop predictive model for 

dementia based on known risk factors and validate performance of the late-life dementia risk 

index using large administrative database. The Electronic Medical Record (EMR) based late-life 

dementia risk index could be used in several clinical settings to monitor more closely for 

symptoms onset in the patients at future risk of dementia since it will include risk factor 

measures which are routinely collected by the physicians and nurses. Thus, this will increase 

usability of dementia-risk index by clinicians as part of routine clinical practice. 

METHODS 

Data Source 

This retrospective cohort study used the General Electric (GE) Centricity (GE 

Healthcare, GE Healthcare IT, Princeton, NJ) Electronic Medical Records (EMR) database (2000-

2005). The GE Centricity EMR database captures patient-level clinical data elements obtained 

from the Centricity Physician Office EMR (formerly logician) for Clinical Data Services (CDS) 

reporting. The Centricity ambulatory care EMR and its predecessors have been used for over 20 

years, are certified by the Certification Commission for Healthcare Information Technology 

(CCHIT), and are currently used by over 30,000 clinicians for management of medical records of 

more than 30 million patients throughout the United States.[88] The Centricity CDS database 

contains data from 133 provider groups with 7259 clinicians (including approximately 60% 

primary care providers and 40% specialists) at 98 installations. [88] 

The provider groups represent a wide variety of practice types, ranging from solo 

practitioners to community clinics, academic medical centers, and large integrated delivery 

networks. All the practices that use Centricity EMR are invited to join MQIC (Medical Quality 

Improvement Consortium), but membership in MQIC is completely voluntary. In 2008, MQIC 

included over 4,000,000 patients cared for by over 5000 physicians and other providers from 

over 90 institutes in 35 states in the United States.[88] The database is de-identified Health 

Insurance Portability and Accountability Act of 1996 (HIPPA) compliant EMR database. This 

nationally representative database of anonymized longitudinal medical records contains patient’s 
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demographic information, medications, and prescriptions, diagnoses or problems, laboratory 

results, and other clinical data such as blood pressure, weight, and physical exam findings. EMR 

databases such as Centricity are valuable tools for health services research including 

epidemiologic and outcomes research.[88] EMR-based outcomes research studies have increased 

six-fold since 2000 including both chronic conditions as well as less common diseases, 

highlighting the EMR’s flexibility to examine large cohorts as well as identify patients with rare 

diseases.[89] The EMR data are richer in clinical information than traditional paper medical 

records and claims databases. [89] 

Study Design 

The proposed study involved retrospective cohort design based on the medical records of older 

adults from 2000-2011 data from GE Centricity EMR. The subject consist of persons 60 years of 

age and older. The patient records had to contain a valid patient age and should be having their 

first documented activity date on or after year 2000. The two years of time period after patients 

first documented activity was considered as the baseline period for identifying all the predictive 

measures. The subjects were followed for 5-years after the baseline period for examining the risk 

of dementia. The patients were included in the cohort if they had at least one documented activity 

in each year of baseline period and five years of follow up period to assure that they are active 

and still in the healthcare system for continuous fixed follow up.  The predictors of dementia 

including several vascular risk factors, other medical condition, demographics and lab results 

were identified during the two years of baseline period. The patients with a diagnosis of dementia 

or having prescription of Cholinesterase Inhibitors or memantine before the follow-up period 

started were excluded from the study (Figure 2). 
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Figure 2. Cohort identification for the study group 

 

Outcome and Predictive Measures 

The diagnosis of dementia was identified using problem file based on ICD-9 CM codes (290.xx, 

294.xx, 331.xx, 291.2, 797, 046.1, 046.3). There is a growing concern among researchers that 

administrative claims data may not be able to adequately capture diagnosis of dementia. 

Therefore, use of standard dementia therapy, namely acetylcholinesterase inhibitors like 

donazepil, tacrine, rivastigmine and galantamine, and N-methyl-D-aspartate (NMDA) antagonist 

memantine during the follow-up period will be used, as an additional disease marker for 

dementia. Most of the previous studies who developed dementia risk index were based on 

several measures that may somewhat be costly and time-consuming to obtain and are not easily 

measurable in routine clinical practice.[2,7-9, 35] One of the dementia risk index focused on 

only vascular risk factors, disregarding the risk of dementia associated with psychological 

factors such as depression.[8] The other dementia risk indexes included measures such as 

cerebral MRI, Doppler ultrasound to measure intima medial thickness of arteries and APOE 

genotype that may be time consuming and expensive to obtain. This study developed dementia-

risk index using predictive measures readily available in EMR.  

The predictive measures associated with dementia which were modeled to develop 

late-life dementia risk index included 1) Socio-demographics- age, gender, and race/ethnicity 2) 

Medical Conditions- diabetes, cardiovascular disorders (hypertension, myocardial infarction, 

ischemic heart disease, congestive heart failure (CHF), cardiac arrhythmias, peripheral arterial 

disease), cerebrovascular disorder, hyperlipidemia, traumatic brain injury, depression 4) 

Behavioral Measure- smoking status and 3) Laboratory and vital sign values – BMI (body mass 

index), potassium, platelate counts, serum creatinine and albumin. These variables were 
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primarily selected based on the National Institute of Health (NIH) State-of-the-Science 

Conference’s to systematic review to identify the risk factors of AD based on observational 

studies and controlled-clinical trials. [5]  

The medical conditions were identified using ICD-9-CM codes from the patient problem 

file records. The ICD-9-CM codes for medical conditions were selected on the basis of the clinical 

classification of medical conditions provided by the Agency for Healthcare Research and Quality 

(AHRQ). The other lab measures such as blood pressures and cholesterol level, which are 

markers of medical conditions, were not used as they were already captured as diagnosis using 

ICD-9 codes. The most recent lab measure values in the baseline period were incorporated in 

the study. The study also wanted to include other behavioral measures such as functional status, 

alcohol use, physical exercise and diet; however the actual observed value for these measures 

were not available in the GE EMR database. The study did not included cardiac C-reactive 

protein and triglycerides measures because of very low frequencies. All the predictors were 

measured in the two-years of baseline prediction interval.  

Treatment of Missing Values 

As missing data is a common problem for routinely collected clinical data and the 

derived risk index should be applicable to an entire population including those with missing 

data, a category “missing” was created for several key predictors (ex. race, blood pressure, etc). 

Several laboratory measures in the data collected from retrospective medical records are 

reported infrequently. Most of the physiologic measures (ex, blood pressure, serum 

chemistries) are measured routinely by the physicians with minimal technological intervention. 

However, there are chances of missing data for such measures. Approximately, 40-60% of 

cohort members had missing values for one or more key predictors. The rates of dementia were 

also found to different amongst the normal and unmeasured laboratory values; therefore a 

“missing” category was created to include those with missing data. The goal of the study was to 

develop a tool applicable to an entire population and thus it was important to include all the 

subjects in the models.  The treatment of missing values is important given the potential 

confounding of patient risk with data quality, availability in the electronic medical records, and 

practice patterns.[10]   

Statistical Analysis 

The strategy for the development of index was to select variables from three axes- 

sociodemographic, diagnosis, and laboratory and vital signs. Criteria for the variable selection 
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were based on clinical relevance and availability in the database. Each patient contributed to 

five years of follow-up from baseline examination. To select among candidate variables, the 

“axis approach”, for variable reduction, which involved: (1) grouping the variables into axis; (2) 

reducing variables on each axis using multivariable analysis; (3) combining remaining variables 

from all axes into single model; and (4) further reducing the variables for the final predictive 

model, was used.[90] The “axis based” approach has been widely used in developing risk 

indexes (Inouye ref). For the laboratory axis, the cut-points for all the continuous variables 

were selected based on the medical literature and clinical judgment.[91] The age was 

categorized based on quartiles obtained from univariate procedures to increase the 

interpretability of the risk of dementia associated with aging.   

First, bivariate association of each variable with dementia was examined using chi-

square test for categorical variables and t-test for continuous variables. All the variables that 

were significantly associated with dementia in the bivariate analysis (p<0.05) were than 

examined in axis-specific multivariate logistic regression models (i.e. separate model for each 

axis including significant variables from that axis). The variables identified as most predictive 

from each axis-specific model were than included in a single overall multivariate logistic 

regression model using stepwise forward and backward regression to select final variables (P < 

0.15 for variable entry and P < 0.2 for variable to stay in the model. Finally, a point system was 

developed based on the odds ratios from the final logistic model to account for both the number 

and seriousness of the condition to increase risk of dementia. The odds ratio was rounded up to 

nearest round digits to develop the point system. Subsequently, risk score for individual were 

obtained by summing the scores of each of the risk factors. The patients were categorized, as 

having low, moderate, or high scores based on the tertiles of final late-life dementia risk index 

and the risk of dementia based on the risk scores was explored.  

Model Calibration and Discrimination to Evaluate Predictive Accuracy of the Model 

The performance of risk-adjustment model is typically judged by how closely its 

predictions matches to the reality. The calibration of the model actually refers to the extent to 

which predicted risk matches actual risk.[2] Models are calibrated to a dataset when the 

average of their predicted values matches the average of the actual outcomes. The calibration of 

the model was assessed graphically by plotting the predicted probability of dementia and the 

actual percentage of participants who developed dementia by their risk scores. Hosmer-

Lemeshow chi-square test, which is often used in evaluation of risk adjusters to examine model 
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calibration across the range of predicted probabilities, was also used. Hosmer-lemeshow 

addresses whether average and predicted rates are similar within population subgroups.  

For a given outcome like dementia, model discrimination represents the extent to 

which a model predicts higher probabilities of dementia for patients who got dementia than for 

those who did not. Discrimination was assessed using the area under the receiver operating 

characteristics (ROC) curve, also known as c-statistics. The c-statistics equals the proportion of 

pairs in which the predicted probability of dementia is higher for the patient who got dementia 

than for the patient who lived. The ROC curve is a plot of true positive rate or sensitivity (the 

proportion of individuals with the outcome that are correctly classified) and false positive rate 

(1-specificity; the proportion of individuals without the outcome that are correctly classified). 

The c-statistics ranges from 0 to 1; with c-statistics of 0.5 indicates that predictive accuracy is 

no better than flip of a coin. The sensitivity and specificity of the model was calculated based on 

the optimal cut point of the probability level. To select the optimal cut point to define a positive 

test, a ROC curve was constructed over a range of cut-point values. Generally, the best cut-point 

is at or near the shoulder of the ROC curve, where a substantial gain can be made in sensitivity 

with only modest reductions in specificity.[92] Sensitivity is defined as the proportion of 

subjects predicted to have outcome who really have it (true positives/ [true positives + false 

negatives]) * 100). Specificity is defined as the proportion of subjects predicted not to have the 

outcome that does not have it (true negatives/[true negatives + false positives] * 100).  

Model Validation and Sensitivity Analysis 

The final model was validated using most popular K (10)- fold cross-validation 

approach, in which the data are randomly divided into 10 groups and then the models were fit 

using nine groups (90% of the data) and the c-statistic was calculated in the remaining group. 

The mean c-statistic and 95% confidence interval (CI) were then calculated directly from these 

10 estimates. A parsimonious model was also developed without the lab variables to provide 

model that can be used in datasets such medical claims. Furthermore, sensitivity analysis was 

performed to determine whether the predictive accuracy of the index differed for different 

types of dementia such as AD and vascular dementia for the full model. Also, a model-involving 

sub-sample of patients without missing values was developed to check for the predictive 

accuracy and identify the most predictive risk factors in these subsamples.   
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RESULTS 

Figure 2 shows the process of cohort identification. A total of 325,248 subjects were identified 

after applying inclusion and exclusion criteria. Approximately six percent (6.23%, N= 20,272) of 

the population developed dementia over the 5-years of follow-up. The demographic and clinical 

characteristics of the cohort are shown in Table 1. Substantial differences in the demographic 

and clinical characteristics were demonstrated between the patients who developed dementia 

and those who did not (Table 1).  

Figure 2. Cohort assembly for the study group 



Table 1. Demographics and Clinical Characteristics of the Study Population (N= 325,248) 

Characteristics Dementia 
(N= 20,272) 

No Dementia 
(N= 304, 976) 

p-value 

 N (%)  
Axis I (Demographics)    
Age 
60-65 years 
65-70 years 
70-75 years 
> 75 years 

1633 (8.06) 
2973 (14.67) 
5517 (27.21) 

10149 (50.06) 

90,064 (29.53) 
79765 (26.15) 
70835 (23.23) 
64312 (21.09) 

< .0001 

Gender 
Female 
Male 

12633(62.32) 
7639  (37.68) 

177516 (58.21) 
127460 (41.79) 

< .0001 

Race 
White 
Black 
Hispanic 
Asian 
Unknown 

8888 (43.84) 
909 (4.48) 
291 (1.44) 
59 (0.29) 

126 (0.62) 
9999 (49.32) 

131705 (43.19) 
11966 (3.92) 
3265 (1.07) 
1258 (0.41) 
1906 (0.62) 

154876(50.78) 

<.0001 

Axis II (Medical Condition)    
Depression 2210 (10.90) 20795 (6.82) <.0001 
Hypertension 8260 (40.75) 120206 (39.41) <.0001 
Diabetes 3353(17.00) 49180 (16.13) 0.025 
Chronic Heart Failure (CHF) 780 (3.85) 8037 (2.64) <.0001 
Ischemic Heart Disease 2931 (14.46) 39152 (12.84) <.0001 
Arrhythmias 2174 (10.72) 26401 (8.66) <.0001 
Peripheral Arterial Disease 769 (3.79) 8803 (2.89) <.0001 
Brain Injury 37 (0.18) 296 (0.10) 0.0002 
Cerebrovascular Disorder 1583 (7.81) 14234 (4.67) <.0001 
Hyperlipidemia 6708 (33.09) 109906 (36.04) <.0001 
Depression 2210 (10.90) 20795 (6.82) <.0001 
Axis III (Behavioral Factors)    
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Smoking Status 
Smokers 
Non-Smokers 
Unknown  

2769 (13.66) 
3246 (16.01) 

14257 (70.33)16.01) 
14257 (70.33) 

47250 (15.49) 
62187 (20.39) 

195539 (64.12) 

<.0001 

Axis IV (Lab Measures/Vital Signs)    
Serum Creatinine 
<= 1.5 mg/dL 
> 1.5 mg/dL 
Unknown 

 
12,555 (61.93) 

988 (4.87) 
6,729 (33.19) 

 
182,609 (59.88) 

11910 (3.91) 
110,457(36.22) 

 
<.0001 

Hemoglobin (g/dL) 
>= 12.3 (Female) or >= 14 (Male) 
< 12.3 (Female) or <14 (Male) 
Unknown 

 
7846 (38.70) 
3784 (18.67) 
8642 (42.63) 

 
119979 (39.34) 
40851 (13.39) 

144,901 (47.33) 

 
<.0001 

Potassium (mmol/L) 
>= 3.5 
< 3.5 
Unknown 

 
12921 (63.71) 

269 (1.33) 
7082 (34.93) 

 
184,715 (60.57) 

3,348 (1.10) 
116,913 (38.34) 

 
<.0001 

Albumin (g/dL) 
>= 3.5 
< 3.5 
Unknown 

 
10,083 (49.74) 

860 (4.24) 
9,329 (46.02) 

 
149,769 (49.11) 

8,455 (2.77) 
146,752 (48.12) 

 
<.0001 

BMI (weight [kg]/height [m]2 ) 
Normal (18.5- 24.99) 
Overweight (25 – 29.99) 
Obese (> 30) 
Underweight (< 18.5) 
Unknown 

 
3,040 (15.00) 
3724 (18.37) 
2684 (13.24) 

176 (0.87) 
10,648 (52.53) 

 
36,878 (12.09) 
60,312 (19.78) 
58,322 (19.12) 

1,651 (0.54) 
147,813 (48.47) 

 
<.0001 

 

Plate Count  
>= 440 
< 140 
Unknown 

 
5,567 (27.46) 

173 (0.85) 
14,532 (71.69) 

 
77,951 (25.56) 

2,302 (0.75) 
224,723 (73.69) 

 
<.0001 

 

White Blood Cell Count (cells/mm3) 
<= 11.3 
> 11.3 
Unknown 

 
7,122 (35.13) 

270 (1.33) 
12,880 (63.54) 

 
99,064 (32.48) 

3,778 (1.24) 
202,134 (66.28) 

 
<.0001 



 

Table 2- Predictors and ORs from Axis Specific Logistic Regression Models 

Axis I Axis II Axis III Axis IV 

Predictors OR (95% CI) Predictors OR (95% CI) Predictors OR (95% CI) Predictors OR (95% CI) 

Age 
 
 
 
 

1.134 (1.132-
1.137) 

Depression 
 
 

1.67 (1.59-1.75) 
 
 

Smoking 
Status 
Smokers 
Non-
smokers 
Unknown 

 
 

Ref 
0.89 (0.84-

0.93) 
1.24 (1.19-

1.29) 

Serum Creatinine 
 
<= 1.5 mg/dL 
> 1.5 mg/dL 
Unknown 

 
 

Ref 
1.08 (1.00-

1.14) 
1.05 (0.96- 

1.15) 
Gender 
Male 
Female 

 
Ref 

1.07 (1.03-1.10)  

Hypertension 1.03 (1.00-1.07)   Hemoglobin 
(g/dL) 
>= 12.3 (Female) 
or >= 14 (Male) 
< 12.3 (Female) or 
<14 (Male) 
Unknown 

 
Ref 

 
1.36 (1.30-

1.42) 
 

0.92 (0.88-
0.96) 

Race 
White 
Black  
Hispanic 
Asian 
Other 
Unknown 

 
Ref 

1.27 (1.18-1.37) 
1.55 (1.37-1.76) 
0.75 (0.57-0.98) 
1.06 (0.88-1.27) 
0.94 (0.91-0.97) 

Diabetes 1.01 (0.97-1.05)   Potassium 
(mmol/L) 
>= 3.5 
< 3.5 
Unknown 

 
 

Ref 
1.09 (0.96-

1.24) 
0.85 (0.78-

0.92) 
  CHF 1.27 (1.18-1.38)   Albumin (g/dL) 

>= 3.5 
< 3.5 
Unknown 

 
Ref 

1.35 (1.25-
1.45) 

1.05 (1.01-
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1.09) 
  IHD 1.10 (1.06-1.15)     
  Brain Injury 1.62 (1.15-2.29)   BMI (weight 

[kg]/height [m]2 ) 
Normal (18.5- 
24.99) 
Overweight (25 – 
29.99) 
Obese (> 30) 
Underweight (< 
18.5) 
Unknown 

 
 

Ref 
 

0.75 (0.71-
0.79) 

 
0.55 (0.52-

0.58) 
1.26 (1.07-

1.48) 
 

0.92 (0.87-
0.95) 

  Cerebrovascular 
Disorder 

1.64 (1.55-1.74)   Plate Count  
>= 440 
< 140 
Unknown 

 
Ref 

0.97 (0.83-
1.14) 

1.03 (0.98-
1.09) 

  Arrhythmias 1.18 (1.12-1.23)   White Blood Cell 
Count (cells/mm3) 
<= 11.3 
> 11.3 
Unknown 

 
 

Ref 
0.93 (0.82-

1.06) 
0.98 (0.92-

1.03) 
  PAD 1.18 (1.09-1.26)     
  Hyperlipidemia 0.76 (0.73-0.78)     
c-index 0.720  0.558  0.526  0.570 

Acronyms: CHF- Chronic Heart Failure, PAD- Peripheral Arterial Disease, IHD- Ischemic Heart Disease   
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Model Development and Validation 

 Wide ranges of factors were associated with an increased risk of dementia in univariate 

analysis, and were considered for inclusion in multivariate axis specific stepwise logistic regression 

model (Table 2). Using axis-specific models, statistically significant variables selected from each 

axis are as follows: age, gender and race from sociodemographic axis; hypertension, congestive 

heart failure (CHF), cardiac arrhythmias, peripheral arterial disease, cerebrovascular disorder, 

hyperlipidemia, traumatic brain injury, and depression from medical condition axis; smoking status 

from behavioral condition axis; and hemoglobin, potassium, albumin, BMI and Creatinine level from 

laboratory axis. Hematocrit was not included in the final model because of multicollinearity issues 

with hemoglobin. (Table 2). The highest c-index was observed demographic axis model (c=0.72).  

Axis-specific significant factors were considered simultaneously to create late-life dementia risk 

index using  stepwise forward and backward regression, The final model  late-life dementia risk 

model included older age (65-70 years, 71-75 years, and > 75 years), gender (female), race (black, 

hispanic and other racial group), depression, brain injury, cerebrovascular disorder, 

hyperlipidemia, hemoglobin level, creatinine level, albumin, and BMI (Table 3). The points were 

assigned to each of these factors to create late-life dementia risk index (Table 3). The final index 

had a maximum possible score of 15 points and a c-index of 0.725 (0.722-0.728). The probability 

level that provided an optimal cut-point was 0.05. Based on the classification table, derived from 

the logistic regression and ROC curve analysis, sensitivity was 50.5 and specificity 79.5 for a 

combined total of 77.7% correctly classified (Figure 3).  
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Figure 3. Calibration Curve for Late-life Dementia Risk Index 

 

The 2.24% of subjects with low scores (<0) developed dementia, whereas 4.82% with moderate 

scores (0-3) and 11.91% with high score (>3) developed dementia (Table 4). The non-significant p-

value of 0.08 was obtained in Hosmer-Lemeshaw test, which suggest that average and predicted 

rates of dementia are similar within population subgroups. The results were identical using the 10-

fold cross-validation approach (c statistic, 0.740; 0.736-0.744). 

Table 4. Late Life Dementia Risk Index 

Predictors Adjusted OR (95% CI) Risk Score 

Age 
60-64 years 
65-70 years 
71-75 years 
> 75 years 

 
Ref 
2.05 (1.93-2.18) 
4.23 (3.99-4.46) 
8.29 (7.85-8.75) 

 
 
2 
4 
8 

Gender 
Male 
Female 

 
Ref 
1.04 (1.01-1.07) 

 
 
1 
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Race 
White 
Black  
Hispanic 
Asian 
Other 
Unknown 

 
Ref 
1.29 (1.20-1.39) 
1.53 (1.35-1.73) 
0.74 (0.57-0.97) 
1.02 (0.84-1.23) 
0.93 (0.90-0.96) 

 
 
1 
2 
-1 
 
-1 

Depression 1.93 (1.83-2.02) 2 

Brain Injury 1.64 (1.15-2.35) 2 

Cerebrovascular Disorder 1.38 (1.30-1.45) 1 

Hyperlipidemia 0.92 (0.89-0.95) -1 

Smoking Status 
Non-Smokers 
Smokers 
Unknown 

 
Ref 
0.99 (0.94-1.05) 
1.33 (1.27-1.39) 

 
 
 
1 

Hemoglobin 
>= 12.3 (Female) or >= 14 (Male) 
< 12.3 (Female) or <14 (Male) 
Unknown 

 
Ref 
1.13 (1.08-1.18) 
0.94 (0.90-0.98) 

 
 
1 
-1 

Creatinine Level 
<= 1.5 mg/dL 
> 1.5 mg/dL 
Unknown  

 
Ref 
0.88 (0.82-0.95) 
1.02 (0.93-1.11) 

 
 
-1 

Albumin Level 
>= 3.5 
< 3.5 
Unknown 

 
Ref 
1.15 (1.07-1.24) 
0.94 (0.91- 0.99) 

 
 
1 
-1 

BMI (weight [kg]/height [m]2 ) 
Normal (18.5- 24.99) 
Overweight (25 – 29.99) 
Obese (> 30) 
Underweight (< 18.5) 
Unknown 

 
Ref 
0.84 (0.80-0.88) 
0.73 (0.69-0.77) 
1.12 (0.95-1.32) 
0.94 (0.89-0.98) 

 
 
-1 
-1 
 
-1 

c-index 0.725 (0.722-0.728)  

 

The parsimonious model with only demographics and medical conditions included age, gender, 

race, depression, brain injury, cerebrovascular disorder, hypertension, and hyperlipidemia. To 

increase the calibration of the model age squared term was included in the model. The c-statistics of 

the model was 0.726 (0.723-0.730) and hosmer-lemeshaw tests p-value of 0.075 (Table 5). The 10-

fold cross-validation for parsimonious model had c-statistic of 0.725 (0.722-0.729). 

Sensitivity Analyses  
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The final logistic regression model was repeated after excluding all patients with any missing 

values. The sample size dropped to N=7,656 patients and age, gender, depression, diabetes, 

cerebrovascular disorder, smoking status and BMI were retained in the final model with similar 

effect sizes (c-statistics, 0.72 (95% CI 0.70-0.75). The predictive accuracy for AD model was found 

to be 0.738 (95% CI, 0.730-0.746) and that of vascular dementia was found to be 0.733 (95% CI 

0.718-0.749). 

DISCUSSION 

 Developing a late-life dementia risk index using nationally representative electronic 

medical records represents a novel approach to better understand predictive ability of several risk 

factors of dementia. The late-life dementia risk index is designed to identify elderly at risk of 

dementia using data available from medical record data. Using the physician office visit data of 

elderly 60 years and older, it was possible to accurately stratify individuals as low, moderate and 

high risk of developing dementia within 5 years. The accuracy of our late-life risk index (c statistic, 

0.725) was comparable to the accuracy of the brief- dementia risk index previously developed 

based on demographic factors, individual items from the Modified Mini-Mental State Exam and 

Center for Epidemiologic Studies-Depression Scale 10-item questionnaire, history of medical 

conditions, self-reported physical function, and lifestyle factors (c-statistics 0.77).[7] However, the 

accuracy of dementia risk index was quite lower than the previously developed comprehensive 

Late-life dementia risk index (c-statistics, 0.81) which includes several measures such as cognitive 

measures, functional measures, cerebral MRI, Doppler ultrasound to measure intima medial 

thickness of arteries and APOE genotype that may be time consuming and expensive.[2] This 

suggests that inclusion of these measures can increase predictability of risk of dementia as they 

capture several aspects of cognitive impairment. Furthermore, addition of measures such as 

neuropyshological testing, neuro-imaging, etc. to existing EMR data can be valuable.  However, 

simple tools developed based on readily available medical record data provides an important 

alternative even when there are data limitations. .  

 The present index is based on 11 key risk factors that predict 5-year risk of dementia; older 

age (65-70 years, 71-75 years, and > 75 years), gender (female), race (black, hispanic and other 

racial group), depression, brain injury, cerebrovascular disorder, hyperlipidemia, hemoglobin, 

creatinine, albumin, and BMI. These factors have strong face validity because they were chosen 

based on their clinical relevance and have strong evidence for their association with risk of 

dementia based on previous literature.[22,2,6-9]  The most predictive variables were older age and 
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diagnosis of depression. Aging is a well established and is strongest and most important predictor 

of dementia. [22,2,6-9] The risk of dementia was found to be doubling at every 5-years with 8-times 

higher risk in individuals 75 years and above. This indicates that several underlying 

pathophysiology mechanisms of older age are in play for increased dementia risk.  

Depression was other important risk factors for dementia. Depression and dementia may be related 

in several ways. Depression symptoms can impair cognitive functions, which results in 

‘psuedodementia’ presentation that in turn increases risk of mild cognitive impairment (MCI) and 

its progression to dementia.[45] Several clinical and epidemiological studies have showed an 

association between depression and subsequent dementia.[51-61] However, old age depression is 

often under-recognized and under-treated in primary care due to several reasons. Patient and 

physician fail to recognize it as a treatable illness, stigma associated with depression, considerable 

overlap between characteristic symptoms of depression and normal signs of aging (e.g. reduced 

sleep, thoughts about dying, fatigue, loss of libido), lack of adequate awareness among the primary 

care physicians who are usually the first-line health care providers for this population, presence of 

comorbid condition that makes diagnosis of depression difficult, and physicians reluctance to 

prescribe antidepressants in elderly considering their frailty to tolerate side effects.[93-96]  The 

identification of late-life depression as a strong predictor of risk dementia highlights the 

importance of developing adequate intervention to reduce symptoms of depression, relapse and 

recurrence of symptoms, to improve cognitive and functional status. The medical condition such as 

brain injury was also identified as significant predictor of dementia. The National Institute of Aging 

has also highlighted traumatic brain injury as an important predictor of cognitive decline and 

AD.[5] Thus, strategies should be developed for careful management of patients with brain injuries 

to prevent risk of dementia.  

 The value of adding laboratory data in risk adjustment has been demonstrated previously 

(burden of illness score).[90] Low BMI has been identified as an important risk factor in previous 

dementia risk scales .[6] Laboratory abnormalities reflect physiological abnormalities in patients, 

which are strongly supported as risk factors in the previous medical literature.[10] However, for 

dementia-based disease risk score the laboratory values did not add much significance to the model 

(c-statistics 0.719, without lab values). Therefore, “parsimonious” model can be valuable when with 

only demographics and medical conditions are available in secondary database. By including 

“missing” as a value for several predictors, the model identified that “missingness” or lack of 
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diagnostic testing; this can sometimes signal increased risk due to access or insurance coverage 

issues.   

The late-life dementia risk index is recommended for risk adjustment in populations and can be 

incorporated in routine clinical and research practice. Few of the examples include, identifying high 

risks groups, comparison of treatment effectiveness and prevention strategies between groups. 

With the ongoing efforts of developing national registries for the prevention of Alzheimer’s Disease 

and linking it with other longitudinal databases such as electronic medical records, this dementia 

risk index can be used as for identifying individuals at risk of dementia based on the information 

available from the medical records. The EMR based late-life dementia risk index could be used in 

several clinical settings to monitor more closely for symptoms onset in the patients at future risk of 

dementia since it will include risk factor measures which are routinely collected by the physicians 

and nurses. Thus, it will increase usability of dementia-risk index by clinicians as part of routine 

clinical practice. It can also be used for early treatment initiatives and motivating patients for 

positive lifestyle changes.   

Currently available dementia risk-index are based on prospective small community-based study 

populations and consist of several measures which may be difficult to obtain and time-consuming 

in routine practice. The existing late-life dementia risk indexes also require trained personnel to 

administer these tools and are also not cost-effective. The utility of these tools is also restricted 

because of ethical constraints as administering neuropsychological measures in individuals who are 

asymptomatic might increase emotional burden in such individuals. Large administrative databases 

such as electronic medical records are widely used for epidemiological research and for patient 

management and monitoring purposes. EMR-based interventions can also be developed which can 

use this prognostic tool to identify at risk individuals and prevent development of dementia in 

future. The dementia risk-index developed using nationally representative EMR data is 

generalizable and can be widely used in various clinical settings and in future epidemiological 

research related to risk of dementia. The simplified point system developed in this study is 

applicable to all members of a population, as individual risk score can be calculated even if 

information on one or more variables is missing. 

Although this investigation will contribute significantly in understanding the predictive role of 

several risk factors in subsequent development of dementia, the study findings is limited by the 

data source, definitions, and data analytical approach. This study is based on EMR; hence innate 

limitations to this database, such as coding errors and systematic factors upcoding, may impact the 
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results of the study. Data were not available in the medical records if they were not captured by 

EMR or not available to the physician. Such gaps result whenever patients receive care from other 

providers not in the current EMR system or documentation is not provided to original 

physician.[88] In Centricity EMR database data on single patient may be included in the database 

with more than one patient identifier, allowing for duplication and overestimation when aggregate 

data are analyzed.[88] Additionally, there may also be free text data in an EMR that are not 

available for analysis because of the complexities and costs of text mining.[88]  

The risk factors included in the predictive modeling to develop dementia-risk index are limited to 

those available in the data source and this may not explain total variation in the dependant 

measures in multivariate analysis. The high levels of missing predictor information in the EMR for 

several laboratory measures would be considered as serious limitation in epidemiologic analysis. It 

is possible that predictive accuracy could be greater using other variables (e.g. hippocampal 

volume, cognitive activity, and other biomarkers).[6] However, such variables are difficult to obtain 

in routine clinical practice to identify asymptomatic individuals at risk of dementia. Consequently, 

the late-life dementia risk index develop using EMR has greater utility in clinical and research 

settings. The dementia-risk index also needs to be validated using other data sources and examine 

their impact on research, clinical care and patient outcomes. 

Conclusion 

The late-life dementia risk index developed using readily available EMR database can be used in 

routine clinical and research practice. EMR-based interventions can also be developed which can 

use this prognostic tool to identify at risk individuals and prevent development of dementia in 

future. To increase the generalizability of this dementia risk index, there is a need to validate this 

risk index using other administrative database before it’s widely used in various clinical settings 

and in future epidemiological research related to risk of dementia. 
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MANUSCRIPT 2 

Comparative Effectiveness of Antidepressants in Reducing Risk of Dementia in Older Adults 

with Depression 

Abstract 

Objective: To examine comparative effectiveness of antidepressants classes on risk of dementia in 

elderly with depression. 

Methods: To examine comparative effectiveness of different antidepressants classes on the risk of 

dementia the study utilized retrospective cohort study consisting of patients with depression, 60 

years using GE Centricity EMR database. The base population included older adults with depression 

who were on antidepressants medication from January 1, 1996 and October 31, 2008. Patients 

having diagnosis of dementia or taking anti-dementia drug such as cholinesterase inhibitors or 

memantine before starting antidepressant medication were excluded from the study. The inclusion 

in the cohort required patients to have at least 3 prescription refills of the antidepressant 

medication and one additional office visit within 6-months from the start of the medication. The 

patients were followed for three years to examine incidence cases of dementia. Multivariate Cox 

Proportional Hazard Model and Kaplan-Meier survival plot was used to examine relationships 

between different antidepressant classes and risk of dementia.  

Results: A total of 16,320 new users of antidepressant medication was obtained between January 1, 

1996, and October 31, 2008 after applying inclusion and exclusion criteria, of whom 12,870 

(78.86%) patients were SSRI users, 2,171 (13.22 %) were SNRI users, 829 (5.02%) were modified 

cyclic users and only 450 (2.85%) were tetracyclics users. There were  (6.15%) cases of dementia 

within three years after use of antidepressant agents. The multivariate survival analysis after 

controlling for potential confounders found no significant difference (SNRI (HR 1.12 (95% CI, 0.92-

1.35), Modified Cyclics (HR 0.79 (0.57-1.10) and Tetracyclics (HR 1.15 (0.85-1.55) across different 

antidepressant classes. 

Conclusion: In this retrospective analysis, no significant difference was observed between different 

antidepressant treatments groups with respect to risk of dementia. Large-scale prospective clinical 

trials are needed to examine comparative effectiveness of antidepressant treatment for delaying 

onset of dementia in elderly with depression.  
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INTRODUCTION 

Depression in later life is a major public health concern because it affects large number of elderly 

people and is more frequently characterized by medical co-morbidities, greater apathy and 

cognitive impairment, and has stronger association with dementia.[20, 55, 97]  The most serious 

consequences of depression in late life-especially untreated or inadequately treated are increased 

mortality, suicide and cognitive impairment with subsequent progression to dementia.[55, 98] 

More than 10% (nearly 3.6 million) of Alzheimer Disease (AD) cases worldwide and almost 15% 

(over 780, 000) in the USA are potentially attributable to depression.[11] Several clinical and 

epidemiologic studies show strong association between late-life depression and subsequent 

dementia.[43] A personal history of depression has been related to increased risk of developing 

Alzheimer disease (AD) and its precursor, mild cognitive impairment (MCI).[36-42] 

The pathophysiologic mechanisms underlying increased risk of dementia and cognitive impairment 

include several molecular mechanisms and neurobiological links.[44] A substantial evidence from 

animal and human studies have shown that depression activate the Hypothalamic-pituitary-adrenal 

(HPA) axis which in turn damage the hippocampus and increase adrenal glucocorticoid levels 

ultimately resulting in hippocampal atrophy and cognitive deficits.[44-47] Depression induced 

alteration in serotonergic system along with HPA axis can lead to AD- related neurodegeneration 

like the formation of neurofibrilliary tangles and amyloid plaques.[44-47] Several studies have also 

demonstrated that chronic inflammation has a central role in the pathophysiology of depression 

and dementia.[44] Chronic inflammation leads to increase in the level of proinflammatory 

cytokines, which in turn decreases anti-inflammatory regulation and hippocampal 

neurogenesis.[44-47] Another proposed link between depression and dementia is a decrease in the 

levels of neurotophic factors such as brain-derived neurotrophic factor (BDNF) and transforming 

growth factor (TGF-1) that impairs neuronal protection and signaling . [44-47] The ‘Vascular 

depression hypothesis’, which states that cerebrovascular diseases predisposes to, precipitates or 

perpetuates geriatric depressive syndromes, also supports link between depression and dementia. 

[44-47] Vascular disease can be underlying link between depression and dementia. A number of 

studies have reported that cortical white matter lesions as well as structural brain changes may 

contribute to late-life depression or vice verse.[44-47] Ischemic changes in frontostriatal brain 

regions in depression may lead to substantial cognitive deficits. [44-47]      

A dose-response relationship between recurrent episodes of elevated depressive symptoms or 

severity of depression and risk of dementia has also been identified. [48-50] Depression and 
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dementia may be related in several ways. Depression symptoms can impair cognitive functions, 

which results in ‘psuedodementia’ presentation that in turn increases risk of mild cognitive 

impairment (MCI) and its progression to dementia.[50] Several studies have identified predictive 

role of depression in conversion of mild cognitive impairment to dementia . [41, 50, 52-54]  In one 

study, depression in MCI conferred a 2.6-fold increased risk for AD.[38] However, late-life 

depression is a strong risk factor for dementia in the presence and absence of MCI. Depression may 

be a risk factor or an early manifestation of dementia of Alzheimer and Vascular type. [51, 55]   Two 

separate meta-analysis conducted in 2000 and 2006 concluded that history of depression 

approximately doubles the risk of dementia in general and AD in particular.[55-56]  Recently, 

several prospective studies and case-control studies have also found evidence supporting increased 

risk of dementia associated with late-life depression.[54-61]  One study based on Swedish twins 

partially controlling for genetic factors concluded that twins with prior depression were thrice 

more likely to develop dementia compared to their non-depressed twin partners with similar age of 

depression gradient.[61] 

 Depression is considered to be a modifiable risk factor for prevention of dementia. The 

main aims of the treatment of depression in elderly are to reduce the symptoms of depression, to 

prevent suicidal ideation, relapse, or recurrence of symptoms, to improve cognitive and functional 

status, and to help patients develop the skills needed to cope with their disability or psychosocial 

adversity.[99] A 10% reduction in depression prevalence could potentially result in about 326, 000 

fewer AD cases worldwide and 68,000 fewer cases in U.S.[11] However, whether treatment of 

depressive symptoms reduces risk of dementia has not yet been widely studied. Various types of 

antidepressants can suppress serum and plasma levels of pro-inflammatory mediators, which can 

lead to chronic inflammation and thus AD.[12] Antidepressant also stimulates BDNF (Brain Derived 

Neurotrophic Factor) and TGF-1 (Transforming Growth Factor) synthesis and thus can exert 

neuroprotective effects against AD.[44] Antidepressant compounds increases synaptic levels of one 

or more monoamines and monoaminergic pathways play a crucial role in modulation of 

cognition.[62] Some of the antidepressants mainly older Tricyclic antidepressants (e.g. 

nortriptyline, maprotiline, amitriptyline) possess anticholinergic properties and can thus worsen 

cognitive impairment in depressed elderly whereas newer Selective Serotonin Reuptake Inhibitors 

(SSRI) (e.g. sertraline, fluoxetine, paroxetine, citalopram, fluoxamine), Selective Nor-epinephrine 

Reuptake Inhibitors (SNRI) (e.g. venlafaxine, duloxetine) and other antidepressants (egs. 

monoamine-oxidase inhibitors, buproprion, mirtazapine) may not worsen cognitive 

impairment.[63-66]              
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A number of studies have been performed to examined the effect of antidepressants on cognitive 

performance such as attention, ability to concentrate, memory, problem solving and 

visuoperception in healthy volunteers and depressed patients .[67-83, 14-15] Some studies have 

found cognitive performance to improve and even return to normal levels when patients respond to 

antidepressant treatment , while others have demonstrated persistent cognitive deficits in fully 

remitted patients.[67-83, 14-15] Several studies have demonstrated improvement in various 

aspects of cognitive functions after individual antidepressant treatment.[67-83, 14-15] For 

example, improvement in episodic memory has been reported with SSRI treatment such as 

fluoxetine (ref from Herrera), sertraline and paroxetine.51-52 Improvement in cognition has also 

been observed with other second generation antidepressants such as SNRI duloxetine, venlafaxine 

and escitalopram, tetracyclics mirtazapine  and also modified cyclics such as trazodone .[14-15, 78-

79] Some studies reported beneficial effects of SSRI fluoxetine and sertraline in improving memory 

and attention skills compared to tricylics nortriptyline and desipramine, respectively.[81-83] The 

pronounce cognitive impairing of paroxetine and facilitating cognitive effects of sertraline in 

depressed elderly were found in randomized clinical trial.[77] On the other hand, others have also 

demonstrated improved episodic and working memory with SNRI compared to SSRI in a clinical 

trial.[14-15] Thus, differential effects of various antidepressant classes on cognition have been 

observed in several short-term clinical trials and prospective studies.  

Very few studies have examined decreased risk of dementia associated with antidepressants, and 

even fewer studies compared antidepressant classes with respect to   dementia risk. Kessing et al, 

conducted retrospective observational study using Danish registry and identified that rate of 

dementia increased during initial prescription period with the number of prescription and 

decreased with continued long-term antidepressant treatment.[84-85]  They also found that rate of 

dementia decreased during periods of two or more prescriptions of older antidepressants 

compared to only one prescription, and no change in dementia rate in continued use of SSRI or 

SNRI in patients with depressive disorder. However, studies lacked control of potential 

confounders and none of the studies have assessed head-to-head comparison of different 

antidepressant classes in preventing dementia in depressed elderly. Widespread use of TCAs in 

older adult is limited due its multiple side effects including anticholinergic effects leading to 

tachycardia, sedition, falls, and memory problems.[66,100] In recent years, second generation 

antidepressants (egs. SSRI, SNRI, modified cyclics and tetracyclics) play a prominent role in the 

management of patients with major depressive disorder because of their relatively favorable side 
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effect profile.[101-102] Consequently, the proposed study will examine comparative effectiveness 

of different second-generation antidepressants classes in reducing risk of dementia.  

METHODS 

Data Source 

This retrospective cohort study used the General Electric (GE) Centricity (GE Healthcare, GE 

Healthcare IT, Princeton, NJ) Electronic Medical Records (EMR) database (2000-2005). The GE 

Centricity EMR database captures patient-level clinical data elements obtained from the Centricity 

Physician Office EMR (formerly logician) for Clinical Data Services (CDS) reporting. The Centricity 

ambulatory care EMR and its predecessors have been used for over 20 years, are certified by the 

Certification Commission for Healthcare Information Technology (CCHIT), and are currently used 

by over 30,000 clinicians for management of medical records of more than 30 million patients 

throughout the United States. The Centricity CDS database contains data from 133 provider groups 

with 7,259 clinicians (including approximately 60% primary care providers and 40% specialists) at 

98 installations. [88] 

The provider groups represent a wide variety of practice types, ranging from solo practitioners to 

community clinics, academic medical centers, and large integrated delivery networks.[103] All the 

practices that use Centricity EMR are invited to join MQIC (Medical Quality Improvement 

Consortium), but membership in MQIC is completely voluntary. In 2008, MQIC included over 

4,000,000 patients cared for by over 5000 physicians and other providers from over 90 institutes in 

35 states in the United States.[88] The database is de-identified Health Insurance Portability and 

Accountability Act of 1996 (HIPPA) compliant EMR database. This nationally representative 

database of anonymized longitudinal medical records contains patient’s demographic information, 

medications, and prescriptions, diagnoses or problems, laboratory results, and other clinical data 

such as blood pressure, weight, and physical exam findings. EMR databases such as Centricity are 

valuable tools for health services research including epidemiologic and outcomes research.[88] 

EMR-based outcomes research studies have increased six-fold since 2000 including both chronic 

conditions as well as less common diseases, highlighting the EMR’s flexibility to examine large 

cohorts as well as identify patients with rare diseases.[89] The EMR data are richer than 

information in traditional paper medical records and claims databases.[89]  
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Study Design 

To examine comparative effectiveness of different antidepressants classes on the risk of dementia 

the study utilized retrospective cohort study consisting of patients with depression, 60 years and 

older and with sufficient medical history. The GE Centricity database included patients 

demographics, activity, medical problems, lab and behavioral observation and prescription files. 

The patient demographics file included patient’s demographic information such as age, gender, 

region along with their first and last documented activity dates. The Problems annotated in the 

problem file are used to track a patient’s problems and diagnoses over time. The results of lab tests 

(in both numeric and text form), vital signs such as pulse rate, blood pressure, height and weight, 

calculations such as BMI, and other clinically findings are obtained in observation file and 

behavioral measures such as smoking status are obtained in the text observation file. The over the 

counter medications, herbal remedies and medications prescribed by a provider are also recorded 

in the database. The activity file records the event of documenting any chart-related activity, from 

"Office Visit" to "Home Care Report", as well as administrative events such as "Registration Update".  

The study used all the files for the development of cohort as well as identifying all the variables for 

multivariate regression model.  This study was approved by the University of Houston Committee 

for the Protection of Human Subjects under the exempt category. 

 The base population included older adults with depression who were on antidepressants 

medication from January 1, 1996 and October 31, 2008. Figure 4 outlines the definitions used to 

construct different treatment groups for comparison. Antidepressant initiation identified as index 

medication use was defined as the first prescription fill date of antidepressant medication after at 

least one year without a prescription fill date from the first documented activity date of the patients 

in the EMR data. Patients having diagnosis of dementia or taking anti-dementia drug such as 

cholinesterase inhibitors or memantine before starting antidepressant medication were excluded 

from the study. Although the EMR data contains sufficient information from physician’s end such as 

drug prescribed, date of prescription, products generic names and categories, number of refills; it 

did not contain information on day’s supply of medications and no information is available on how 

the drug was filled on the patient’s end. Therefore, to define drug exposure and ensure that 

underlying indication of depression is adequately treated the inclusion in the cohort required 

patients to have at least 3 prescription refills of the antidepressant medication and one additional 

office visit within 6-months from the start of the medication.  The treatment guidelines for 

depression recommends 6-12 months of antidepressant to be appropriate in elderly and also 

frequent visits early in treatment to assess response to intervention, suicidal ideation, side effects, 
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and psychosocial support systems [ID]. [96, 99, 104]The inclusion in the cohort also required 

patients to have at least one activity in all the subsequent three years after the index date. Thus, the 

patients were followed for three years to examine incidence cases of dementia. Patients were 

followed up for three years because several studies have reported development of dementia within 

three years after getting diagnosis of depression.[54-61]  The patients having diagnosis of dementia 

within six months of index date were excluded since it was considered as inadequate time for the 

treatment  to show effects.  

Figure 4. Cohort identification for different antidepressant groups 
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Exposure and Outcome Definition 

Antidepressant treatment exposure was measured using prescription file data. Older adults were 

grouped into the following most frequently prescribed antidepressants class groups: SSRIs 

(citalopram hydrobromide, escitalopram oxalate, fluoxetine hydrochloride, fluvoxamine maleate, 

paroxetine, sertraline hydrochloride), SNRIs (desvenlafaxine succinate, duloxetine hydrochloride, 

venlafaxine hydrochloride), phenylpiperazine-derivative antidepressant agent (nefazodone 

hydrochloride, trazodone hydrochloride and vilaxodone hydrochloride) and tetracylics 

(mirtazapine). The medication reference file with generic product identifier (GPI) categories and 

National Drug Code (NDC) was used to identify users of different antidepressant classes. The 

primary outcome measure was diagnosis of dementia within three years after the index date. The 

diagnosis of dementia was identified using problem file based on ICD-9 CM codes (290.xx, 294.xx, 

331.xx, 291.2, 797, 046.1, 046.3) or use of anti-dementia drugs such as cholinesterase inhibitors or 

memantine. [105-106] 

Statistical Analysis 

 Descriptive statistics were used to describe the study sample. Baseline characteristics were 

compared using χ2 test for categorical variable and t tests for continuous variables. Multivariate 

Cox Proportional Hazard Model was used to compare risk of dementia associated with different 

antidepressant classes after controlling for other factors. The dependent variable was time to 

develop dementia within three years after the index date. Patients were censored at the time to 

event or reached end of the follow up period. The primary independent variable of interest, second-

generation antidepressant use, was categorized with SSRI antidepressant users as the reference 

group. Kaplan-Meier survival plot was used to show the crude (unadjusted) relationships between 

antidepressants and time to dementia. Pairwise log rank tests were used to compare survival 

curves for statistical difference 

The covariates included in the Cox Model were demographics (age, gender, and race/ethnicity), 

medical conditions such as brain injury, cerebrovascular disorder, hyperlipidemia, lab measures 

such as hemoglobin level, creatinine, albumin, BMI, behavioral measure such as smoking status 

(measures identified as risk factors of dementia by authors by predictive model building using the 

same data source) and use of other co-medications such as antihypertensives, antihyperlipidemics 

and NSAIDs (Non-steroidal anti-inflammatory agents) in the one-year of baseline period, which are 
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found to have protective effect on dementia in previous literature. [5] The medical conditions were 

identified using ICD-9-CM codes from the patient problem file records. The ICD-9-CM codes for 

medical conditions were selected on the basis of the clinical classification of medical conditions 

provided by the Agency for Healthcare Research and Quality (AHRQ). The most recent lab measure 

values in the baseline period were incorporated in the study. The lab measures were categorized 

based on the medical literature and clinical judgment.[91] The data from activity-level EMR files, 

such as list of problems and prescription utilization, were converted to person-level data based on 

the unique identifier in the GE Centricity EMR. The covariates selected were based on the available 

clinical evidence and the availability from the data source. Data extraction and analyses were 

performed using SAS version 9.1 (SAS Institute Inc., Cary, North Carolina). The level of significance 

was set at α = 0.05.  

 RESULTS 

Patient Characteristics  

Figure 5 shows the process of cohort assembly for identifying antidepressant users. A total of 

16,320 new users of antidepressant medication was obtained between January 1, 1996, and 

October 31, 2008 after applying inclusion and exclusion criteria, of whom 12,870 (78.86%) patients 

were SSRI users, 2,171 (13.22 %) were SNRI users, 829 (5.02%) were modified cyclic users and 

only 450 (2.85%) were tetracyclics users. A majority of the older adults in the study sample were 

women (73.79%). The mean (SD) age of the study sample was 69.95 (6.86) years. The significant 

differences across baseline characteristics amongst different antidepressant classes were observed 

with respect to age, gender and region (Table 1).  

Dementia Risk  

Table 5 also presents the frequency distribution of incident dementia cases by antidepressant drug 

classes. There were (6.15%) cases of dementia within three years after use of antidepressant 

agents. There were 6.18% of dementia cases in SSRI users, 5.71% dementia cases in SNRI users, 

4.46% of dementia cases in modified cyclic users and 10.22% in tetracyclic antidepressant users.  

The median follow-up time and time to dementia are provided in table I.  The crude (unadjusted) 

hazard ratio provided significant difference amongst different antidepressant classes. The crude 

Hazards ratio revealed significant decrease in risk of dementia with Modified Cyclics (HR 0.71, 95% 

CI 0.51-0.99) compared to SSRI and increased risk of dementia with use of tetracyclics (HR 1.68, 
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95% CI 1.25-2.26). However, multivariate survival analysis after controlling for potential 

confounders found no significant difference (SNRI (HR 1.12 (0.92-1.35), Modified Cyclics (HR 0.79 

(0.57-1.10) and Tetracyclics (HR 1.15 (0.85-1.55) across different antidepressant classes (Table 6).   

Figure 5. Cohort assembly for antidepressant study group 
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Table 5. Demographic and Clinical Characteristics of the cohort 

Characteristics SSRI 
(N= 12,870) 

SNRI 
(N=2,171) 

Modified Cyclics 
(N=829) 

Tetracyclics 
(N=450) 

Age, mean (SD) 69.96 (6.82) 68.36 (6.54) 69.09 (6.36) 73.22 (6.64) 
Gender, N (%) 
Male 
Female 

 
3384 (26.29) 
9486 (73.71) 

 
568 (26.16) 

1603 (73.84) 

 
187 (22.56) 
642 (77.44) 

 
139 (30.89) 
311 (69.11) 

Race, N (%) 
White 
Black 
Hispanic 
Other 
Unknown  

 
6238 (48.47) 

410 (3.19) 
222 (1.72) 
86 (0.66) 

5914 (45.95) 

 
1117 (51.45) 

36 (1.66) 
16 (0.74) 
18 (0.83) 

984 (45.32) 

 
408(48.22) 

18 (2.17) 
14 (1.69) 
8 (0.96) 

381 (45.96) 

 
177 (39.33) 

21 (4.67) 
6 (1.33) 
6 (1.33) 

240 (53.33) 
Dementia 
Incidence, N (%) 

796 (6.18) 124 (5.71) 37 (4.46) 46 (10.22) 

Follow up Days 
(mean ± SD) 

1067.50 ± 
128.25  

1069.86 ± 123.44 1075.58 ± 109.03 1052.30 ± 153.38 

Time to Event 
(median, SD) 

650.50 (265.12) 648.00 (271.02) 622.00 (271.16) 692.00 (262.50) 

Time to Event 
(mean ± SD) 

638.97 (265.12) 642.37 (271.02) 643.91 (271.16)  670.67 (262.50) 

Demographics Significant at p< 0.05 

Figure 6. Kaplan Meir Survival Graph 
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Table 6. Dementia Risk associated with antidepressant use in Elderly with Depression 

Characteristics Hazard Ratio (HR) (95% CI) p-value 

Antidepressant Class 
SSRI 
SNRI 
Modified Cyclics 
Tetracyclics 

Ref 
1.12 (0.92-1.35)  
0.79 (0.57-1.10)  
1.15 (0.85-1.55)  

0.47  

Age  1.12 (1.10-1.13)  <.0001  
Brain Injury 2.50 (1.12-5.60) 0.02 
Cerebrovascular Disorder 1.34 (1.13-1.59) 0.0006 

Smoking Status 
Non-Smokers 
Smokers 
Unknown 

 
Ref 
0.63 (0.45-0.87) 
0.87 (0.67-1.13) 

 
 
0.006 

Hemoglobin Level 
>= 12.3 (Female) or >= 14 (Male) 
< 12.3 (Female) or <14 (Male) 
Unknown 

 
Ref 
1.18(1.01-1.39) 
0.98(0.82-1.18) 

 
 
0.03 

BMI 
Normal (18.5- 24.99) 
Overweight (25 – 29.99) 
Obese (> 30) 
Underweight (< 18.5) 
Unknown 

 
Ref 
0.85 (0.71-1.02) 
0.75 (0.61-0.91) 
0.80 (0.46-1.38) 
0.85 (0.72-1.01) 

 
 
 
0.039 

*Significant at p<0.05, c-statistic 0.71  
*covariates controlled for age, gender, race, brain injury, cerebrovascular disorder, hyperlipidemia, 
antihypertensive medications, anti-hyperlipidemics, NSAIDS, gonadal steroids, smoking status, 
serum Creatinine, hemoglobin, albumin and BMI 
 

DISCUSSION 

Although various types of antidepressants has shown to have protective effects for 

neurodegenerative dementias due to their anti-inflammatory effects, the differential effect across 

different second-generation antidepressant classes has remained unaddressed. This study found 

that no significant difference exists between users of different second-generation antidepressants 

with respect to risk of dementia after controlling for other potential confounders. This finding 

might be attributable to similar efficacy and effectiveness profile of different second-generation 

antidepressants in elderly patients. Recent systematic review focusing on the efficacy of 

antidepressants in acute and maintenance pharmacotherapy did not find difference in remission 

rates of late-life depression for different classes of antidepressants. [107] The AHRQ report on 
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“Comparative Effectiveness of Second-Generation Antidepressants for Pharmacologic Treatment in 

Adult Depression” also found no major differences in efficacy and effectiveness among second-

generation antidepressants in elderly or very elderly populations based on twelve head-to-head 

trials (one an effectiveness study), nine placebo-controlled trials, one retrospective cohort study, 

and one set of meta-analyses.[101-102] Although antidepressants can be categorized into several 

classes based on their putative mechanisms of action, there is no consistent evidence that 

antidepressants from different classes are associated with different rates of remission of late-life 

depression.[107] These findings leads to a speculation that there may be similar mechanisms by 

which different second-generation antidepressants classes affect cognition in depression- a direct 

effect caused by the pharmacologic actions of the drug on specific neurotophic factors such as BDNF 

and TGF-1 as well as secondary effect caused by mood stabilizing abilities for improvement of 

depression (i.e., antidepressant efficacy).   

Several small randomized clinical trials and prospective studies have demonstrated effectiveness of 

antidepressants in improving cognition in patients with depression .[67-83] The improvement in 

cognitive functions with individual SSRI and other antidepressants compared to placebo have been 

observed in randomized clinical trials.[79-83]  Several studies have reported beneficial effects of 

SSRI fluoxetine and sertraline in improving memory and attention skills compared to first-

generation antidepressant class tricylics nortriptyline and desipramine, respectively.[74, 83] This is 

generally attributed to the anticholinergic effects of TCAs.[66] However, very few studies have 

identified differences amongst cognitive profiles of SSRIs and other newer antidepressant 

drugs.[14-15]  Herrera et al, have demonstrated improved episodic and working memory with SNRI 

compared to SSRI in a 24-week clinical trial.[14-15] Earlier, venlafaxine has been shown to be 

better than trazodone with regard to cognitive function as measured by the cognitive retardation 

and disturbance factors of HAM-D (Hamilton Depression Rating Scale) in a randomised study in 

patients with MDD.[108] One study did not find difference between fluoxetine and trazodone on 

cognitive functions in depressed outpatients.[109] 

 The recent systematic review on modern antidepressants effects on neurocognitive functions 

concluded that SSRI in general do not affect cognitive functions and other newer antidepressants 

such as SNRI, bupropion and reboxetine should be used in depressed patients who experience 

problems with cognitive functions. [108] However, they could not conclude if these medications can 

actually improve cognitive function to a higher level than expected from improvement in 

depressive symptomatology. Thus, inconsistent differential effects between individual second 
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generation antidepressants have been observed in short term clinical trials on some aspects of 

cognition. The varied findings of these studies can be attributable to difference in follow up period 

and instruments use for cognitive performance. Furthermore, limited evidence exists if 

improvement in cognitive performance leads to reduced dementia risk.  Also, none of the previous 

studies have examined long term effects of antidepressants on preventing risk of dementia in 

depressed elderly. Based on the literature search, this is the first study to assess long-term risk of 

dementia associated with the use of different antidepressant classes in elderly (aged ≥60 years) 

persons with depression. The results of the current study suggest that no significant difference exist 

across different antidepressant treatment classes with respect to risk of dementia. 

The study findings are limited to the information available in the data source and there might be a 

possibility of some unmeasured confounder affecting the results due to non-randomized nature of 

the data. Therefore, there is a need for a well-designed comparative clinical trial to characterize the 

differential cognitive profiles of SSRIs and other newer antidepressants to develop intervention to 

prevent development of dementia in depressed patients. Although, no significant difference has 

been found across antidepressant treatment groups with respect to dementia, interventions should 

be developed in depressed patients that focus on careful monitoring and management of these 

patients to prevent development of dementia. Previously, prospective studies such as project 

IMPACT (Improving Mood: Promoting Access to Collaborative Treatment for Late-Life Depression) 

trial randomizing elderly patients to one year of active intervention with a depression care 

manager providing education about treatment and psychotherapy or usual care found significant 

improvement in depression in cognitively impaired depressed patients in the intervention 

group.[110] Thus, emphasizing more careful monitoring and management of depressed patients 

with cognitive impairment.  

Only one previous observational study has been conducted, which examined whether continued 

treatment with different antidepressants is associated with a decreased rate of dementia in patients 

discharged from psychiatric hospital with a diagnosis of dementia.  The study reported decreased 

rate of dementia in periods with two or more prescription of Tricyclic antidepressants compared to 

the rate during period of only one prescription.[85] In contrasts, the study did not find any 

decreased rate with more SSRI and non-SSRI prescription periods. However, majority of the 

patients taking TCAs also received other antidepressant drug. They stated that continued treatment 

with SSRIs or newer non-SSRIs might prevent development of dementia in patients with less severe 

depressive disorders but not in patients with more severe depressive disorders resulting in contact 
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with psychiatric hospital service. However, the study did not control for potential risk factors 

associated with risk of dementia outcome. Strong evidence is also provided in the literature 

regarding effectiveness of second-generation antidepressants as compared to TCA in treatment of 

major depressive disorder.[108]  This study did not compare first-generation antidepressants with 

second-generation antidepressants as widespread use of TCAs in older adult is limited due its off-

label use for neuropathic pain and multiple anticholinergic effects.[66, 100] 

The major strength of this study is control of potential confounders in the multivariate logistic 

regression model. The present analysis control for important risk factors associated with dementia. 

All the covariates were chosen based on predictive modeling to identify significant risk factors of 

dementia. The significance of some of these variables in the multivariate model strengthens the 

analytical framework used to examine risk of dementia in elderly depressed patients using 

antidepressant agents. In fact, the univariate analysis found that Modified Cyclics users are at 

decreased risk of dementia compared to SSRI and tetracyclic users are at increased risk. These 

findings suggest that control of potential risk factors associated with dementia that can confound 

the relationship between the antidepressant exposure and outcome plays an important role in 

examining the risk of dementia associated with antidepressants. In addition, the longitudinal study 

design with sufficient follow up to measure risk of dementia strengthens the study findings.    

The limitations of this study should also be considered before interpreting the results. This study is 

based on EMR; hence innate limitations to this database, such as coding errors and systematic 

factors upcoding and undercoding, may impact the results of the study. Data will not available in 

the medical records if they were not available to the physician. Such gaps result whenever patients 

receive care from other providers but documentation is not provided to original physician.[88] In 

Centricity EMR database data on single patient may be included in the database with more than one 

patient identifier, allowing for duplication and overestimation when aggregate data are 

analyzed.[88] Additionally, there may also be free text data in an EMR that are not available for 

analysis because of the complexities and costs of text mining.[88] The diseases and outcome 

measurements were based on diagnostic data in problem list file. Incomplete records submitted by 

providers together with inaccurate demographic information and clinical detail in the ICD-9-CM 

system may limit the accuracy of EMR. The study performed intent-to-treat analysis and no 

censoring was done when the patient stopped medications. However we compared the duration of 

therapy across different treatment groups and found almost similar number of total refills (24-30 

refills) and number of visits (7-9 visits).    
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Prescription exposure was tracked by prescription orders and medication lists and not by actual 

prescriptions filled at the pharmacy. The data did not contain information on day’s supply and 

prescription refill dates. Thus, the present study could not account for adherence and compliance to 

different antidepressant treatment. The methodological limitations also relate to the analytical 

approach used to control for bias. In quasi-experimental studies owing to nonrandom allocation 

possible differences between baseline characteristics of patients in treatment groups can lead to 

treatment-selection bias or confounding. Thus, difference in outcomes may reflect pretreatment 

differences between groups rather than effects of treatment known as overt bias. There is a 

possibility that patients in the various antidepressant treatment groups differed in terms of disease 

severity or that patients were preselected to receive one therapy over the other because of some 

unobservable characteristics, which can lead to confounding by indication and selection bias. 

Propensity score analysis is seldom used to address the issue of treatment selection bias. The study 

also developed propensity scores based on several comorbidities and co-medications and checked 

for the distribution of the propensity score across different treatment groups (results not shown). 

The co-morbidities and co-medication included in the propensity score were based on those 

associated with the treatment and those associated with the outcome to account for treatment 

selection and confounding. The distribution of the propensity scores was almost similar with 

tremendous overlap between the treatment groups. Thus, we did not find significant pre-treatment 

differences between the treatments groups based on observed characteristics included in the 

propensity scores. Thus, we did not conduct propensity score analysis such as adjustment or 

matching. However, there can be some unobserved characteristics affecting the association 

between exposure and outcome. The future studies can incorporate advanced statistical methods 

such ‘instrument variable analysis’ to address for unmeasured confounding in the observational 

studies. The ‘physician preference’ is widely used instrument in comparative effectiveness studies 

to address for unmeasured confounding. The present study could not conduct instrument variable 

analysis because of its unavailability in the data set.  

CONCLUSION 

 Limited evidence exists regarding comparative effectiveness of antidepressants in reducing 

the risk of dementia. In this retrospective analysis, no significant difference was observed between 

different antidepressant treatments groups with respect to risk of dementia. This finding might be 

attributed to no significant difference in efficacy and effectiveness of second-generation 

antidepressants in elderly with depression. Given the significant evidence of association between 
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depression and dementia, there is an urgent need to develop an intervention in this population for 

the prevention of dementia. Large-scale prospective clinical trials are needed to examine 

comparative effectiveness of antidepressant treatment for delaying onset of dementia in elderly 

with depression.  
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CONCLUSIONS AND IMPLICATIONS 

The late-life dementia risk index is designed to identify elderly at risk of dementia using data 

available from medical record data. Using the physician office visit data of elderly 60 years and 

older, it was possible to accurately stratify individuals as low, moderate and high risk of developing 

dementia within 5 years.  The model included risk factors like older age (65-70 years, 71-75 years, 

and > 75 years), gender (female), race (black, hispanic and other racial group), depression, brain 

injury, cerebrovascular disorder, hyperlipidemia, hemoglobin level, creatinine level, albumin, and 

BMI. With the points assigned to each of these factors to create late-life dementia risk index, the 

final index had a maximum possible score of 15 points and a c-index of 0.725 (0.722-0.728). Based 

on the classification table, derived from the logistic regression and ROC curve analysis, sensitivity 

was 50.5 and specificity 79.5 for a combined total of 77.7% correctly classified. The strength of late-

life dementia risk index is that it is based on readily available EMR database that can be used in 

routine clinical and research practice. This prognostic tool can be easily used to identify at risk 

individuals and target intervention on at the risk population to prevent development of dementia. 

Future research needs to be done to validate this scale in other study population.  

The retrospective cohort study also examined comparative effectiveness of antidepressants classes 

on risk of dementia in elderly with depression. There were (6.15%) cases of dementia within three 

years after use of antidepressant agents. There were 6.18% of dementia cases in SSRI users, 5.71% 

dementia cases in SNRI users, 4.46% of dementia cases in modified cyclic users and 10.22% in 

tetracyclic antidepressant users.  The bivariate analysis revealed significant differences; however, 

the multivariate survival analysis found no significant difference (SNRI (HR 1.12 (0.92-1.35), 

Modified Cyclics (HR 0.79 (0.57-1.10) and Tetracyclics (HR 1.15 (0.85-1.55) across different 

antidepressant classes after controlling for potential confounders. This finding might be attributed 

to no significant difference in efficacy and effectiveness of second-generation antidepressants in 

elderly with depression. Future research needs to be done using advanced statistical methods 

addressing unmeasured confounders as well as large-scale prospective clinical trials are needed to 

examine comparative effectiveness of antidepressant treatment for delaying onset of dementia in 

elderly with depression.    

 

 



53 
 

REFERENCES 

1. Rosenblatt A. The art of managing dementia in the elderly. Cleve Clin J Med. 2005;72 Suppl 
3:S3-13. 

2. Barnes DE, Covinsky KE, Whitmer RA. Predicting risk of dementia in older adults: The late-
life dementia risk index. Neurology. 2009; 73: 173 

3. Kachaturian ZS. A roadmap for the prevention of dementia II: Leon Thal Symposium 2008. 
Alzheimer's and Dementia. 2009; 5(2): 85-92. 

4. Khachaturian ZS, Barnes D, Einstein R. Developing a national strategy to prevent dementia: 
Leon Thal Symposium 2009. Alzheimer's and Dementia. 2010; 6(2): 89-97.   

5. NIH State-of-the-Science Conference. Preventing Alzheimer's Disease and Cognitive Decline. 
Available at, http://consensus.nih.gov/2010/alz.htm. Accessed on February 23, 2011. 

6. Barnes DE, Covinsky KE, Whitmer RA. Predicting risk of dementia in older adults: The late-
life dementia risk index. Neurology. 2009; 73: 173 

7. Barnes DE, Covinsky KE, Whitmer RA. Dementia Risk Indices: A Framework for identifying 
individuals with a High Dementia Risk. Alzheimers Dement. 2010; 6(2): 138-141. 

8. Reitz C, Tang Ming-Xin, Schupf N. A Summary Risk Score for the Prediction of Alzheimer 
Disease in Elderly Persons. Arch Neurol. 2010; 67(7): 835-841. 

9. Kivipelto M, Ngandu T, Laatikainen T. Risk Score for the prediction of dementia risk in 20 
years among middle aged people: a longitudinal, population-based study. Lancet Neurol. 
2006; 5: 735-41. 

10. Iezzoni LI, Risk Adjustment for Measuring Health Care Outcomes. Health Administration 
Press, Oct 1, 2003 - 508 pages. 

11. Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer's disease 
prevalence. Lancet Neurol. 2011; 10: 819-28. 

12. Hashioka S, McGeer PL, Monji A, et al. Anti-Inflammatory Effects of Antidepressants: 
Possibilities for Preventives Against Alzheimer's Disease. Central Nervous System Agents in 
Medicinal Chemistry. 2009; 9: 12-19. 

13. Devanand DP, Sano M, Tang MX, et al. Depressed Mood and the incidence of Alzheimer's 
disease in the elderly livining in the community. Arch Gen Psychiatry 1996; 53: 175-182.  

14. Herrera-Guzman I, Gudayol-Ferre E, Herrera-Guzman D, et al. Effects of selective serotonin 
reuptake and dual serotonergic-noradrenergic reuptake treatments on memory and mental 
processing speed in patients with major depressive disorder. Journal of Psychiatric 
Research. 2009; 43: 855-863. 

15. Herrera-Guzman I, Gudayol-Ferre E, Herrera-Abarca JE, et al. Major Depressive Disorder in 
recovery and neuropsychological functioning: Effects of selective serotnin reuptake 
inhibitor and dual inhibitor depression treatments on residual cognitive deficits in patients 
with Major Depressive Disorder in recovery. Journal of Affective Disorders. 2010; 123: 341-
350. 

16. Lane RM and O’Hanlon JF. Cognitive and psychomotor effects of antidepressants with 
emphasis on selective serotonin reuptake inhibitors and the depressed elderly patient. 
German Journal of Psychiatry. 1999.1-43. 

17. Oxman TE. Antidepressants and cognitive impairment in the elderly. J Clin Psychiatry. 
1996;57 Suppl 5:38-44. 

18. Jorm AF, Jolley D. The incidence of dementia- A meta-analysis. Neurology.1998;51(3):728-
733.  

19. Steffens DC and Potter GG. Geriatric depression and cognitive impairment. Psychological 
Medicine. 2008; 38: 163-175. 

20. Sherrod RA, Collins A, Wynn S, et al. Dissecting Dementia, Depression, and Drug Effects in 
Older Adults. Journal of Psychosocial Nursing. 2010; 48 (1): 39-47 



54 
 

21. R Brookmeyer, E Johnson, K Ziegler-Graham, HM Arrighi. Forecasting the global burden of 
Alzheimer's disease Alzheimers Dement, 3 (2007), pp. 186–191. 

22. Alzheimer's Association. 2011 Alzheimer's disease facts and figures. 
http://www.alz.org/alzheimers_disease_facts_and_figures.asp. Accessed Oct 18, 2011 

23. Middleton LE, Yaffe K. Promising Strategies for the Prevention of Dementia. Arch Neurol. 
2009; 66(10): 1210-1215.  

24. Kamat SM, Kamat SA, Grossberg GT. Dementia Risk Prediction: Are We There Yet? Clin 
Geriatr Med. 2010; 26:113–123 

25. Qiu C, Ronchi DD, Fratiglioni L. The epidemiology of the dementias: an update. Curr Opin 
Psychiatry. 2007; 20:380–385. 

26. Gauthier S, Scheltens P. Can we do better in developing new drugs for Alzheimer's disease? 
Alzheimer's and Dementia. 2009; 5(6): 489-491. 

27. Jorm AF, Korten AE, Henderson AS. The prevalence of dementia: a quantitative integration 
of the literature. Acta Psychiatr Scand. 1987; 76(5): 465-79. 

28. Savica R and Petersen RC. Prevention of Dementia. Psychiatr Clin N Am. 2011; 34: 127-145.  
29. Luchsinger JA, Reitz C, Honig LA et al. Aggregation of vascular risk factors and risk of 

incident Alzheimer disease. Neurology. 2005; 65(4): 545-51. 
30. Gorelick PB. Risk Factors for Vascular Dementia and Alzheimer Disease. Stroke. 2004; 

Supplement 1: 1-4.  
31. Barnes DE, Covinsky KE, Whitmer RA. Commentary on “Developing a national strategy to 

prevent dementia: Leon Thal Symposium 2009.” Dementia risk indices: A framework for 
identifying individuals with a high dementia risk. Alzheimer's and Dementia. 2010; 6(2): 
138-141. 

32. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver operating 
characteristic (ROC) curve. Radiology. 1982;143(1):29–36.  

33. Harrell FE, Jr, Lee KL, Califf RM, Pryor DB, Rosati RA. Regression modelling strategies for 
improved prognostic prediction. Stat. Med. 1984;3(2):143–152 

34. Harrell FE, Jr, Lee KL, Mark DB. Multivariable prognostic models: issues in developing 
models, evaluating assumptions and adequacy, and measuring and reducing errors. Stat. 
Med. 1996;15(4):361–387. 

35. Stephan BCM, Kurth T, Matthews FE, et al. Dementia risk pediction in the population: are 
screening models accurate? Nat Rev Neurol. 2010; 6: 318-326. 

36. Berger AK, Fratiglioni L, Forsell Y, et al. The occurrence of depressive symptoms in the 
preclinical phase of AD: a population-based study. Neurology. 1999; 53: 1998-2002.  

37. Gatz JL, Tyas SL, St. John P, et al. Do depressive symptoms predict Alzheimer's disease and 
dementia? J Gerontol A Biol Sci Med. 2005; 60: 744-747. 

38. Modrego PJ, Ferrandez J. Depression in patients with mild cognitive impairment increases 
the risk of developing dementia of Alzheimer type: a prospective cohort study. Arch Neurol 
2004; 61: 1290-1293. 

39. Wilson RS, Barnes LL, Mendes De Leon CF, et al. Depressive symptoms, cognitive decline, 
and risk of AD in older persons. Neurology. 2002; 59: 364-370. 

40. Wilson RS, Krueger KR, Arnold SE, et al. Loneliness and risk of Alzheimer's disease. Arch 
Gen Psychiatry. 2007; 64: 234-240.  

41. Barnes DE, Alexopoulos GS, Lopez OL, et al. Depressive symptoms, vascular disease, and 
mild cognitive impairment. Arch Gen Psychiatry. 2006; 63: 273-280. 

42. Geda YE, Knopman DS, Mrazek DA, et al. Depression, apolipoprotein E genotype, and the 
incidence of mild cognitive impairment: a prospective cohort study. Arch Neurol. 2006; 63: 
435-440. 

43. Ganguli M, Du Y, Dodge HH, et al. Depressive Symptoms and Cognitive Decline in Late Life- A 
Prospective Epidemiological Study. Archives of General Psychiatry.2006; 63(2): 153-160. 



55 
 

44. Caraci F, Copani A, Nicoletti F, et al. Depression and Alzheimer's disease: Neurobiological 
links and common pharmacological targets. European Journal of Pharmacology. 2010; 626: 
64-71. 

45. Byers AL, Yaffe K. Depression and risk of developing dementia. Nat. Rev. Neurol. 2011;7: 
323-331. 

46. Sierksma ASR, Van den Hove DLA, Steinbusch HWM, et al. Major depression, cognitve 
dysfunction and Alzheimer's disease: Is there a link? European Journal of Pharmacology. 
2010; 626: 72-82. 

47. Butters MA, Young JB, Lopez O, et al. Pathways linking late-life depression to persistent 
cognitive impairment and dementia. Dialogues Clin Neurosci. 2008; 10(3): 345–357.  

48. Dotson VM, Beydoun MA, Zonderman AB. Recurrent depressive symptoms and the 
incidence of dementia and mild cognitive impairment. Neurology. 2010; 75(1):27-34. 

49. Chen R, Hu Zhi, Wei Li, et al. Severity of depression and risk for subsequent dementia: 
cohort studies in China and the UK. The British Journal of Psychiatry. 2008; 193: 373-377  

50. Byers AL, Yaffe K. Depression and risk of developing dementia. Nat. Rev. Neurol. 2011;7: 
323-331. 

51. Panza F, Frisardi V, Capurso C, et al. Late-life depression, mild cognitive impairment, and 
dementia: possible continuum? Am J Geriatr Psychiatry. 2010 Feb;18(2):98-116. 

52. Gabryelewicz T, Styczynska M, Luczywek E, Barczak A, et al. The rate of conversion of mild 
cognitive impairment to dementia: predictive role of depression. Int J Geriatr Psychiatry. 
2007 Jun;22(6):563-7. 

53. Ravaglia G, Forti P, Lucicesare A, Rietti E, Pisacane N, Mariani E, Dalmonte E. Prevalent 
depressive symptoms as a risk factor for conversion to mild cognitive impairment in an 
elderly Italian cohort. Am J Geriatr Psychiatry. 2008 Oct;16(10):834-43. 

54. Palmer K, Iulio FD, Varsi AE, et al. Neuropsychiatric Predictors of Progression from 
Amnestic-Mild Cognitive Impairment to Alzheimer’s Disease: The Role of Depression and 
Apathy. Journal of Alzheimer’s Disease. 2010; 20: 175-183 

55. Ownby RL, Crocco E, Acevedo A, et al. Depression and Risk for Alzheimer Disease-
Systematic Review, Meta-analysis, and Metaregression Analysis. Arch Gen Psychiatry. 2006; 
63: 530-538.  

56. Jorm AF. History of depression as a risk factor for dementia: an updated review. Australian 
and New Zealand Journal of Psychiatry. 2001;35(6):776-781. 

57. Spira AP, Rebok GW, Stone KL, et al. Depression Symptoms in Oldest-Old Women: Risk of 
Mild Cognitive Impairment and Dementia. Am J Geriatr Psychiatry. 2011; 00: 1-10.  

58. Steffens DC and Potter GG. Geriatric depression and cognitive impairment. Psychological 
Medicine. 2008; 38: 163-175. 

59. Saczynski JS, Beiser A, Seshadri S, et al. Depressive symptoms and risk of dementia: The 
Framingham Heart Study. Neurology. 2010; 75: 35-41. 

60. Li G, Wang LY, Shofer JB, et al. Temporal Relationship Between Depression and Dementia- 
Findings from a Large Community-Based 15-Year Follow-up Study. Arch Gen Psychiatry. 
2011; 68 (9): 970-977.  

61. Brommelhoff JA, Gatz M, Johansson B, et al. Depression as a Risk Factor or Prodomal 
Feature for Dementia? Findings in a Population-Based Sample of Swedish Twins. Psychol 
Aging. 2009; 24(2): 373-384. 

62. Millan, MJ, The role of monoamines in the actions of established and novel antidepressant 
agents: a critical review. European Journal of Pharmacology. 2004; 500: 371-384. 

63. Knegtering H, Eijck M, Huijsman A. Effects of Antidepressants on Cognitive Functioning of 
Elderly Patients- A Review. Drugs & Aging. 1994; 5(3): 192-199. 

64. Moore AR and Keeffe ST. Drug-Induced Cognitive Impairment in the Elderly. Drugs & Aging. 
1999; 15 (1): 15-28. 



56 
 

65. Boccara A, Gougoulis N, Littre FP, et al. Effects of Antidepressants on Cognitive Functions: A 
Review. Neuroscience and Biobehavioral Reviews. 1995; 9(3): 479-493. 

66. U.S. Department of Health and Human Services: Mental Health: A Report of the Surgeon 
General-Executive Summary. Rockville, MD, U.S. Department of Health and Human Services, 
Substance Abuse and Mental Health Services Administration, Center for Mental Health 
Services, National Institutes of Health, National Institute of Mental Health, 1999. 

67. Lane RM and O’Hanlon JF. Cognitive and psychomotor effects of antidepressants with 
emphasis on selective serotonin reuptake inhibitors and the depressed elderly patient. 
German Journal of Psychiatry. 1999.1-43. 

68. Han L, McCusker J, Cole Martin et al. Antidepressant Use and Cognitive Functioning in Older 
Medical Patients with Major or Minor Depression- A Prospective Cohort Study with 
Database Linkage. Journal of Clinical Psychopharmacology. 2011; 31(4): 429-435. 

69. Nebes RD, Pollock BG, Houck PR. Persistence of cognitive impairment in geriatric patients 
following antidepressant treatment: a randomized, double-blind clinical trial with 
nortriptyline and paroxetine. Journal of Psychiatric Research. 2003; 37: 99-108. 

70. Devanand DP, Pelton GH, Marston K, et al. Sertraline treatment of elderly patients with 
depression and cognitive impairment. International Journal of Geriatric Psychiatry. 2003; 
18: 123-130.  

71. Batista GC, Puca F, Scapicchio PL, et al. Paroxetine and Fluoxetine Effects on Mood and 
Cognitive Functions in Depressed Nondemented Elderly Patients. J Clin Psychiatry. 2002; 
63: 396-402. 

72. Gallasi R, Sarro RD, Morreale A, et al. Memory impairment in patients with late-onset major 
depression: The effect of antidepressant therapy. Journal of Affective Disorders. 2006; 91: 
243-250. 

73. Culang-Reinlieb ME, Sneed JR, Keilp JG, et al. Change in cognitive functioning in depression 
older adults following treatment with sertraline or nortriptyline. Int J Geriatr Psychiatry. 
2011. 

74. Culang ME, Sneed JR, Kelip JG, et al. Change in Cognitive Functioning Following Acute 
Antidepressant Treatment in Late-Life Depression. Am J Geriatr Psychiatry. 2009; 17: 881-
888.  

75. Gorenstein C, Carvalho SCD, Artes R, et al. Cognitive performance in depressed patients after 
chronic use of antidepressants. 2006; 185: 84-92.  

76. Doraiswamy MP, Krishnan RR, Oxman T, et al. Does Antidepressant Therapy Improve 
Cognition in Elderly Depressed Patients? Journal of Gerontology. 2003; 58A (12): 1137-
1144.  

77. Schmitt JA, Kruizinga MJ, Riedel WJ. Non-serotonergic pharmacological profiles and 
associated cognitive effects of serotonin reuptake inhibitors. J Psychopharmacol. 2001 
Sep;15(3):173-9. 

78. Constant EL, Adam S, Gillain B, et al. Effects of sertraline on depressive symptoms and 
attentional and executive functions in major depression. Depression and Anxiety. 2005; 21: 
78-89. 

79. Cassano GB, Puca F, Scapicchio PL, et al. Paroxetine and fluoxetine effects on mood and 
cognitive functions in depressed nondemented elderly patients. Journal of Clinical 
Psychiatry. 2002; 63: 396-402.  

80. Raskin J, Wiltse CG, Siegal A, et al. Efficacy of duloxetine on cognition, depression, and pain 
in elderly patients with major depressive disorder: an 8-week, double-blind, placebo-
controlled trial. Am J Psychiatry. 2007; 164 (6):900-9. 

81. Borkowska A, Drozdz W, Ziółkowska-Kochan M, Rybakowski J. Enhancing effect of 
mirtazapine on cognitive functions associated with prefrontal cortex in patients with 
recurrent depression. Neuropsychopharmacol Hung. 2007 Oct;9(3):131-6. 



57 
 

82. Riedel WJ, Schoenmakers E, Vermeeren A, et al. The influence of trazodone treatment on 
cognitive functions in outpatients with major depressive disorder. Human 
Psychopharmacology: Clinical and Experimental. 1999; 14(7): 499-508. 

83. Levkovitz Y, Caftori R, Avital A, et al. The SSRIs drug Fluoxetine, but not the noradrenergic 
tricyclic drug Desipramine, improves memory performance during acute major depression. 
Brain Research Bulletin. 2002; 58(4): 345-350. 

84. Kessing LV, Sondergard L, Forman JL. Antidepressants and dementia. Journal of Affective 
Disorders. 2009; 117: 24-29.  

85. Kessing LV, Forman JL, Andersen PK. Do continued antidepressants protect against 
dementia in patients with severe depressive disorder? International Clinical 
Psychopharmacology. 2011; 00:000-000.  

86. Mitnitski A, et al. A vascular risk factor index in relation to mortality and incident dementia. 
Eur. J. Neurol. 2006; 13: 514-521.  

87. Hennessy S. Use of Health Care Databases in Pharmacoepidemiology. Basic & Clinical 
Pharmacology & Toxicology. 2006; 98:311–313. 

88. Crawford AG, Cote C, Couto J, Daskiran M, Gunnarsson C, Haas K, Haas S, Nigam SC, Schuette 
R, Yaskin J. Comparison of GE Centricity Electronic Medical Record database and National 
Ambulatory Medical Care Survey findings on the prevalence of major conditions in the 
United States. Popul Health Manag. 2010 Jun;13(3):139-50. 

89. Dean BB. Review: Use of Electronic Medical Records for Health Outcomes Research: A 
Literature Review. Medical Care Research and Review. 2012; 69(6):611-638.  

90. Inouye SK, Bogardus ST, Vitagliano G, et al. Burden of Illness Score for Elderly Persons: Risk 
Adjustment Incorporating the Cumulative Impact of Disease, Physiologic Abnormalities, and 
Functional Impairments. Medical Care. 2003; 41: 70-83. 

91. Lee M. Basic Skills in Interpreting Laboratory Data. Third Edition. American Society of 
Health-System Pharmacists.  

92. Tabaei BP, Herman WH. A multivariate logistic regression equation to screen for diabetes: 
development and validation. Diabetes Care. 2002;25(11):1999-2003. 

93. Katona C. Managing depression and anxiety in the elderly patient. European 
Neuropsychopharmacology. 2000; 10:Suppl. 4, S427-S432. 

94. Maiera E. Old age depression and its treatment. Psychiatr Danub. 2010 Nov;22 Suppl 
1:S124-5. 

95. Hirschfeld RMA, Keller MB, Panico S, et al. The National Depressive and Manic-Depressive 
Association Consensus Statement on the Undertreatment of Depression. JAMA. 
1997;277(4):333-340 

96. Ellison JM. Mood Disorders in Later Life. Second Edition. Medical Psychiatry Series/41. 
2009. Informa Healthcare USA, Inc. New York.  

97. Martin JH, Haynes LC. Depression, delirium, and dementia in the elderly patient. AORN 
Journal. 2000; 72: 209-217.  

98. Blazer DG. Depression in Late Life: Review and Commentary. Journal of Gerontology: 
Medical Sciences. 2003; 58(3): 249-265. 

99. Alexopoulos GS. Depression in the elderly. Lancet. 2005; 365: 1961-70 
100. Rojas-Fernandez CH, Miller LJ, Sadowski CA. Considerations in the treatment of 

geriatric depression: Overview of pharmacotherapeutic and psychotherapeutic treatment 
interventions. Res Gerontol Nurs. 2010 Jul;3(3):176-86. 

101. Gartlehner G, Hansen R, Thieda P. Comparative Effectiveness of Second-Generation 
Antidepressants in the Pharmacologic Treatment of Adult Depression. AHRQ Publication 
No. 07-EHC007-EF   



58 
 

102. Gartlehner G, Hansen RA, Morgan LC, et al. Comparative Benefits and Harms of 
Second Generation Antidepressants for Treating Major Depressive Disorder- An Updated 
Meta-Analysis. Annals of Internal Medicine. 2011; 155: 772-785. 

103. Brixner DI, Said Q, Corey-Lisle PK, Tuomari AV, L'italien GJ, Stockdale W, Oderda GM. 
Naturalistic impact of second-generation antipsychotics on weight gain. Ann Pharmacother. 
2006 Apr;40(4):626-32. 

104. Depression. AHRQ Clinical Practice Guideline. Available at 
http://www.ahrq.gov/clinic/cpgarchv.htm. Accessed on Dec 12, 2012.  

105. World Health Organization. ICD-9: international statistical classification of diseases 
and related health problems. 9th rev. Geneva: World Health Organization. 1978  

106. Parikh NM, Morgan RO, Kunik ME, Chen H, Aparasu RR, Yadav RK, Schulz PE, 
Johnson ML. Risk factors for dementia in patients over 65 with diabetes. Int J Geriatr 
Psychiatry. 2011 Jul;26(7):749-57. 

107. Rajji TK, Mulsant BH, Lotrich FE, et al. Use of Antidepressant in Late-life Depression. 
Drugs Aging. 2008; 25(10): 841-853. 

108. Biringer E, Rongve A, Lund A. A Review of Modern Antidepressants Effects of 
Neurocognition. Current Psychiatry Review. 2009; 5: 00-00.  

109. Fudge JL, Perry PJ, Garvey MJ, Kelly MW. A comparison of the effect of fluoxetine and 
trazodone on the cognitive functioning of depressed outpatients. J Affect Disord. 1990 
Apr;18(4):275-80. 

110. Steffens DC, Snowden M, Fan MY, Hendrie H, Katon WJ, Unützer J; IMPACT 
Investigators. Cognitive impairment and depression outcomes in the IMPACT study. Am J 
Geriatr Psychiatry. 2006 May;14(5):401-9. 

 

 

http://www.ahrq.gov/clinic/cpgarchv.htm

