
Utilization of Prescription Medications with Cognitive 
Impairment Side Effects and The Implications for Older Adults’ 
Cognitive Function

Duy Do, Jason Schnittker
University of Pennsylvania

Abstract

Background and Objectives.—Many medications have cognitive impairment, memory loss, 

amnesia, or dementia as side effects (“cognitive side effects” hereafter), but little is known about 

trends in the prevalence of these medications or their implications for population-level cognitive 

impairment.

Research Design and Methods.—This study uses the nine most recent two-year cycles 

(1999-2000 to 2015-2016) of the National Health and Nutrition Examination Survey to assess 

trends in utilization of medications with cognitive side effects for adults aged 60 and older 

(n=16,937). It then investigates the association between cognitive function and the utilization of 

medications with cognitive side effects (n=3,177). Cognitive function is measured using several 

objective cognitive assessments, as well as self-reported confusion and memory loss.

Results.—Between 1999-2000 and 2015-2016, the prevalence of older adults taking one, two, 

and at least three medications with cognitive side effects increased by 10.5% (p=0.129), 55% 

(p<0.001), and 279% (p<0.001), respectively. Compared to individuals taking no medications with 

cognitive side effects, those taking at least three medications with cognitive side effects score 0.22 

to 0.32 standard deviations lower in word learning and recall (p<0.01), animal fluency (p<0.01), 

digit symbol substitution (p<0.001), the average standardized score of the three assessments 

(p<0.001); and are 1.5 to 3 times more likely to report incidents of confusion or memory loss.

Discussion and Implications.—Exposure to medications with cognitive side effects is 

associated with increased risk of cognitive impairment. These findings highlight the need for 

cognitive function screenings among patients consuming medications with cognitive side effects. 

They also highlight one important implication of the recent rise in polypharmacy.
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I. Introduction

Adults aged 65 and older represent the fastest-growing population in the United States and 

their numbers are expected to nearly double by 2060, creating urgency around the prevention 

and treatment of aging-related health conditions (Federal Interagency Forum on Aging-

Related Statistics (US), 2016). Cognitive impairment has emerged as a significant public 

health concern for older adults as it leads to loss of independence, worsened quality of life, 
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and increased disability, which in turn have consequences for individuals, families, and 

government programs (Hurd, Martorell, Delavande, Mullen, & Langa, 2013; Langa et al., 

2008; Seeher, Low, Reppermund, & Brodaty, 2013). In 2002, more than ten million U.S. 

adults aged 70 and older lived with dementia or milder cognitive impairments without 

dementia, with an expected doubling by 2050 (B L Plassman et al., 2007; Brenda L 

Plassman et al., 2008). Although the prevalence of cognitive impairment has declined 

gradually in the past decades due to better control of some key risk factors (Langa et al., 

2017; Sheffield & Peek, 2011), substantial growth in the absolute number of older adults 

living with cognitive impairment continues to expand the scope of this public health 

concern.

Given growing concern about cognitive impairment, previous studies have attempted to 

identify risk factors for cognitive impairment, such as age, socio-demographic status, 

chronic conditions, and health behaviors (Livingston et al., 2017). Despite these efforts, little 

is known about the consequences of using prescription medications with cognitive side 

effects on cognitive function. This is a potentially significant omission. Prescription 

medications have become increasingly common among older adults. In 2011-2012, 90% 

reported using at least one medication and 40% took five or more in the past month, 

compared to 82% and 22% in 1999-2000, respectively (Kantor, Rehm, Haas, Chan, & 

Giovannucci, 2015). While there is evidence that pharmaceutical innovations improve 

health, a growing concern has emphasized the adverse effect of commonly used medications 

on health, especially under conditions of polypharmacy. Particularly, older adults taking 

multiple medications concurrently are two times more likely to experience adverse drug 

events and four times more likely to be hospitalized due to adverse drug events, compared to 

those taking fewer medications (Bourgeois, Shannon, Valim, & Mandl, 2010; Marcum et al., 

2012; Nguyen, Fouts, Kotabe, & Lo, 2006).

Prior studies on medications with cognitive side effects have produced contradictory results 

over various kinds of medication. Studies have found that benzodiazepines, lorazepam, and 

oxybutynin significantly increase the incidence of amnestic and non-amnestic cognitive 

impairments, and the dose-response relationship persists even after controlling for potential 

confounders (Tannenbaum, Paquette, Hilmer, Holroyd-Leduc, & Carnahan, 2012). H(1)-

antihistamine agents and tricyclic antidepressants may have a more limited effect: evidence 

indicates only that they induce non-amnestic deficits in attention and information processing 

(Tannenbaum et al., 2012). Other studies have found that benzodiazepines, tricyclic 

antidepressants, first-generation antihistamines, and bladder antimuscarinics are associated 

with an increased risk of Alzheimer’s disease, raising concerns that the cognitive side effects 

of medications are irreversible and long-lasting (de Gage et al., 2014; Gray et al., 2015). Yet, 

a handful of studies have reported a trivial and potentially non-causal increase in cognitive 

deficits as a result of using benzodiazepine (Gray et al., 2016; Imfeld, Bodmer, Jick, & 

Meier, 2015).

Although prior studies have provided some evidence for an association between cognitive 

impairment and medications with cognitive side effects, further investigation of this topic is 

warranted. It possible that cognitive side effects of such medications are much more 

pronounced in naturalistic and larger population settings. Most studies have been clinical in 
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nature, exploring the effects of a single class of medication, or using relatively small 

samples. For this reason, little is known about how frequently such medications are used in 

the larger adult population or about how the use of such medications has changed. Moreover, 

little is known about how many adults consume multiple such medications and the 

consequences of such combinations for cognitive health. Even if much of the evidence 

suggests that the risks associated with a single medication are small, the total impact of 

medications with cognitive side effects on population-level cognitive health could be much 

larger, especially in a context of significant polypharmacy.

This study improves the previous literature by using a nationally representative survey and a 

database of all medications that have been previously linked to cognitive side effects. Our 

study has two aims:

1. What are the trends in the utilization of medications with cognitive side effects 

from 1999 to 2016 among adults aged 60 and older?

2. What is the relationship between cognitive function and utilization of 

medications with cognitive side effects for older adults?

II. Design and Methods

Data

This study uses the National Health and Nutrition Examination Survey (NHANES), a 

nationally representative survey of the civilian noninstitutionalized U.S. population. The 

survey consists of an interview that documents respondents’ socio-demographic 

characteristics, health conditions, cognitive functioning, and medications taken in the last 30 

days, followed by a physical examination. NHANES data is obtained using a complex and 

multistage probability sampling design to represent the general population but with an 

oversampling of Black, Hispanic, and persons aged 60 and older. The survey non-response 

rate is, on average, 22%. All analyses use survey weight to produce nationally-representative 

estimates and to avoid potential non-response bias. This study first relies on data from all 

nine most recent two-year cycles (1999-2000 to 2015-2016) to assess trends in the 

utilization of medication with cognitive side effects for older adults aged 60 and above 

(n=16,937). We then use data from the two-year cycles in 2011-2012 and 2013-2014 to 

investigate the association between cognitive function and utilization of medications with 

cognitive side effects (n=3,177). Information on cognitive function is only available in these 

years.

Cognitive Function Measurements

This study measures cognitive function using a series of self-reports and assessments in 

2011-2012 and 2013-2014. Non-response among those administered the cognitive function 

questions ranges from 0.1% to 5% among 3,177 respondents. Self-reported measures of 

cognitive function include two questions that have been previously used to differentiate 

persons with various levels of cognitive impairment (Aigbogun, Stellhorn, Krasa, & Kostic, 

2017). The first question asks if, during the past 12 months, a respondent has experienced 

confusion or memory loss that is happening more often or is getting worse. Response 
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categories were yes or no, and we create a binary variable indicating those who gave an 

affirmative response. The second question asks if, during the past seven days, a respondent 

had trouble remembering where they put things, like their keys or wallet. Possible responses 

include “never,” “about once,” “two or three times,” “nearly every day,” or “several times a 

day.” Those who had trouble remembering at least two times are classified as having 

cognitive impairment.

The objective cognitive assessments consist of three tests, including word learning and 

recall, animal fluency, and digit symbol substitution. These assessments remain unchanged 

in both survey cycles. The word leaning and recall assessment has been successfully 

implemented in major epidemiological studies in various ethnic and cultural contexts to 

investigate immediate and delayed learning ability for new verbal information (Fillenbaum 

et al., 2008; Prince et al., 2003). The test is comprised of three trials and one delayed recall 

challenge. In each trial, respondents are asked to read out loud each of the ten unrelated 

words, one at a time, as they are presented on a computer. Following the presentation, 

respondents are asked to recall, in no particular order, as many of the ten words as possible. 

The order of the words presented to respondents changes in each trial. The delayed word 

recall challenge takes place after the animal fluency and digit symbol substitution tests are 

completed (approximately 8-10 minutes following the start of the word learning trials). Each 

correct word is worth one point, and the maximum score is ten. Overall, 3,123 respondents 

completed this test.

The animal fluency assessment examines verbal fluency that is independent of formal 

educational attainment (Prince et al., 2003). The test has been proven to differentiate persons 

with normal cognition from those with mild cognitive impairment and more-severe 

impairment such as Alzheimer’s disease (Henry, Crawford, & Phillips, 2004). Respondents 

are instructed to name as many animals as they can in one minute. Each distinct animal is 

worth one point. The total observed score ranges from 1 to 40. 3,107 respondents completed 

this assessment.

Finally, the digit symbol substitution assessment is adopted from the Wechsler Adult 

Intelligence Scale and is used to assess processing speed, sustained attention, and working 

memory (Dumont & Willis, 2008). The test is conducted on a sheet of paper that contains a 

key at the top with nine numbers, each paired with a symbol. Respondents are asked to copy 

the corresponding symbols to 133 boxes underneath adjoining numbers. Each correct 

symbol is worth one point, and the total observed score ranges from 0 to 105. 3,012 

respondents completed this assessment.

Using the total scores, we constructed two sets of outcome variables for each assessment. 

The first set of variables are the standardized scores for each assessment in a given year. The 

second set of variables are indicators for whether a respondent is in the top 25% of the 

distribution of an assessment in a given year. Finally, we constructed two composite 

variables for those who completed all three assessments to represent global cognitive 

function (n=2,935), an average standardized score of the three assessments and a binary 

indicator of whether a person’s standardized scores were in the top 25% for at least two 

assessments.
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Although these measures cannot substitute for clinical diagnoses of cognitive impairment, 

they do provide meaningful information to study the association between cognitive 

impairment and medications with cognitive side effect.

Prescription Medications

NHANES documents the use of medications within the last month. Respondents who took 

any medications in the last month were asked to show interviewers the medication 

containers of all medications they had taken. If respondents could not show a container, they 

were asked to verbally report the medication’s name. When interviewers entered complete 

medication names into a computer, 96% of entries resulted in automatic matches with an 

existing drug. The drug database used for the match was obtained from Lexicon Plus, a 

proprietary database of Cerner Multum that provides, on an annual basis, a comprehensive 

list of all prescription and some non-prescription medications available in the U.S. market.

Prescription Medications with Cognitive Impairment Side Effects

We use the Micromedex database to identify medications with cognitive side effects. Prior 

studies have independently established the accuracy and reliability of adverse effects listed 

in Micromedex (Cheng, Guglielmo, Maselli, & Auerbach, 2010). The database is based on 

several sources: the U.S. Food and Drug Administration’s black box warnings, MedWatch, 

post-marketing surveillance, clinical trials, and comprehensive literature reviews. In our 

study, medications with cognitive side effects were identified using a keyword search 

including the following words: cognitive impairment, cognitive decline, memory loss, 

amnesia, and dementia. Using these words, we identified 102 medications. It is important to 

note that this number does not represent the full set of medications with such side effects in 

the U.S market, but rather the number of medications with cognitive side effects that are 

consumed by respondents aged 60 and older in the NHANES from 1999-2000 to 2015-2016 

(see Supplementary Table 1). We include all medications with cognitive side effects, 

irrespective of any reported frequency of those side effects as reported in Micromedex. This 

decision likely underestimates the association between cognitive function and the utilization 

of medications with cognitive side effects, though it is possible that small clinical trials 

underestimate the prevalence of side-effects among those who take the drug. Using the 

reported number of medications with cognitive side effects, we constructed a variable that 

indicates whether in the past 30 days, a respondent took no medications with cognitive side-

effects (the reference category in the regression models), one medication, two medications, 

or at least three medications with cognitive side effects.

Other Variables

Depression.—The models control for the presence of depression, which can confound the 

relationship between medications and cognitive impairment. Late-life depression has been 

found to increase the risk of dementia by twofold (Cherbuin, Kim, & Anstey, 2015). 

Furthermore, many medications with cognitive side effects, such as benzodiazepines, are 

prescribed to treat anxiety and insomnia, which can be prodromal symptoms of dementia. 

The NHANES includes a nine-item depression-screening instrument from the Patient Health 

Questionnaire. Respondents were asked the frequency with which, in the past two weeks, 
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they had little interest in doing things; felt down, depressed, or hopeless; had trouble 

sleeping or slept too much; felt tired or had little energy; had poor appetite or overeating; felt 

bad about themselves; had trouble concentrating on things; moved or spoke slowly or too 

fast; and thought they would be better off dead. Responses to these questions were “not at 

all,” “several days,” “more than half the days,” and “nearly every day,” and were assigned a 

corresponding value from 0 to 3. The nine items were then combined to create a summary 

score ranging from 0 to 27. Following recommendations from previous studies, we classified 

respondents as likely having major depression if their score is 10 or higher (Kroenke, 

Spitzer, & Williams, 2001).

Obesity.—Previous studies have consistently reported an association between obesity and 

cognitive deficits (Beydoun, Beydoun, & Wang, 2008). Moreover, obesity has been found to 

be a risk factor for other chronic conditions that require pharmaceutical treatment (Luppino 

et al., 2010; Samper-Ternent & Al Snih, 2012). Using measured height and weight, we 

calculated respondent BMI and created an indicator for whether the person was obese.

Chronic conditions.—Many medications with cognitive side effects are intended for the 

treatment of chronic conditions. We control for comorbidities in all analysis models, as they 

are associated with an increased risk of cognitive decline (Livingston et al., 2017). 

Respondents were asked if they had ever been told by a health professional that they had 

asthma, arthritis, cancer, congestive health failure, coronary heart diseases, heart attack, 

angina, emphysema, bronchitis, stroke, hypertension, or diabetes. While these variables are 

self-reported and may be subject to measurement error, they capture the presence of these 

conditions on the respondent’s lifetime and not just at the time of the interview. Inclusivity 

of this sort is important for our models. Studies that find an association between health 

conditions and cognitive impairment usually measure health conditions in mid-life rather 

than late-life (Rosengren, Skoog, Gustafson, & Wilhelmsen, 2005; Whitmer, Sidney, Selby, 

Johnston, & Yaffe, 2005). Each of these chronic conditions is introduced in the models as a 

binary variable.

Other covariates.—In all models we control for socio-demographic variables that are 

potentially associated with one’s cognitive function and use of medications, such as age, 

gender, marital status (married/living with a partner: reference category, widowed/divorced/

separated, or never married), educational attainment (less than high school: reference 

category, high school graduate, some college or two-year degree, college graduate or 

higher), whether the person’s household income is under the federal poverty threshold, and 

whether the person has any health insurance. We also include a dummy variable for year to 

account for any trend in the outcome.

Statistical Analysis

To adjust for complex and multistage sampling weighted prevalence estimates of 

medications with cognitive side effects in each year were calculated using Taylor 

linearization methods. The statistical significance of trends of medications with cognitive 

side effects was assessed using logistic regression. Weighted multivariate linear least-

squared and logistic regression models were used to investigate the association between 
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cognitive function and the use of medications with cognitive side effects, controlling for 

potential confounders. We impute missing data for all control variables using the STATA 

module for multiple imputation with chained equations. Twenty imputed datasets were 

generated and were used in all analyses. Most control variables have a small number of 

missing cases (<1%), except for depression and poverty status, which have up to 12% 

missing cases.

III. Results

1. Trend in utilization of medications with cognitive side effects

In Figure 1, we first present the trend in utilization of medications with cognitive side effects 

from 1999-2000 to 2015-2016 for adults aged 60 and older. In 1999-2000, approximately 

55% of U.S. older adults did not consume any medications with cognitive side effects. In 

2015-2016, this estimate declined to 38% (p-value for trend <0.001). Further investigations 

reveal that the prevalence of older adults taking one medication with such side effects 

increased modestly from 31.4% to 34.7% over the same period of time (p-value for trend = 

0.129). The largest increase was concentrated among those who consume two or more such 

medications. Relatively to 1999-2000, the prevalence of older adults taking two and at least 

three medications with cognitive side effects in 2015-2016 went up by 55% (p-value for 

trend <0.001) and 279% (p-value for trend <0.001), respectively. Compared to trends of 

utilization of medications in general among older adults, which increased by 7% between 

1999-2000 and 2011-2012 (Kantor et al., 2015), we observe a much larger relative increase 

in the utilization of medications with cognitive side effects.

Supplementary Table 2 lists the 25 medications with the largest change over time in absolute 

prevalence. A large proportion of the total increase in the prevalence of medications with 

cognitive side effects can be attributed to certain medications or classes of medication: 

medications that treat high cholesterol and reduce risks of heart attack or stroke, such as 

Simvastatin (+8.54%), Atorvastatin (+7.63%), Pravastatin (+4.67%), Rosuvastatin (+4.54%), 

and Lovastatin (+1.92%); gastrointestinal agents, such as Omeprazole (+5.94%), 

Esomeprazole (+3.82), and Pantoprazole (+2.53%); and central nervous agents, such as 

Gabapentin (+3.79%), Pregabalin (+1.70%), Zolpidem (+1.47%), Fluoxetine (+1.44%), 

Alprazolam (+1.26%), Clonazepam (+1.14%), and Baclofen (+0.87%). A majority of these 

medications are intended for treatment and control of health conditions that have been 

associated with an increased risk of cognitive impairment such as hypercholesterolemia 

(Whitmer et al., 2005), depression (Cherbuin et al., 2015), or cardiovascular diseases 

(Luchsinger et al., 2005).

2. Descriptive Statistics

Panel A of Table 1 presents descriptive statistics for cognitive function measurements by the 

number of medications with cognitive side effects. Consistently across all cognitive 

assessments, those who take more medications with cognitive side effects score lower on 

cognitive assessments and are more likely to report confusion, memory loss, and trouble 

remembering. For example, those who do not consume any medications with cognitive side 

effects score on average 25.51 on the summary measure of the three assessments, while 
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those taking at least three medications with cognitive side effects score on average 23.4. 

Similarly, 30% of respondents who take at least three medications with cognitive side effects 

report having confusion, memory loss, or trouble remembering, compared to less than 16% 

of those who do not consume medications with cognitive side effects.

Panel B of Table 1 describes differences in socio-demographic characteristics and health 

conditions by the number of medications with cognitive side effects. Compared to 

respondents who do not consume medications with cognitive side effects, those who take at 

least three medications with such side effects are more likely to also consume medications 

without cognitive side effects (p<0.001), more likely to be White (p=0.036), female 

(p=0.015), older (p<0.001), less likely to have a college degree or higher (p=0.019), and are 

more likely to report health conditions such as asthma, arthritis, congestive heart failure, 

coronary heart disease, heart attack, angina, emphysema, stroke, diabetes, obesity, and 

depression.

3. Association between cognitive function and medications with side effects

In Table 2, we demonstrate the association between cognitive impairment and the number of 

medications with cognitive side effects consumed by respondents aged 60 and older. We find 

that compared to respondents who do not consume medications with cognitive side effects, 

those who take at least three medications score 0.22 to 0.32 standard deviation lower in word 

learning and recall (p<0.01), animal fluency (p>0.01), digit symbol substitution (p<0.001), 

and the summary score (p<0.001). Similarly, taking at least three medications with side 

effects reduces the probability of being in the top 25% of the distribution by 40-50 

percentage points across all three measurements (p<0.05) and the probability of scoring in 

the top 25% by 57% for at least two out of three assessments (p<0.05). We find a similar 

relationship between self-reported cognitive function and medications with cognitive side 

effects. Particularly, taking two or at least three medications with cognitive side effects 

increase the likelihood of reporting confusion or memory loss in the past year, or trouble 

remembering in the last seven days, by 1.5 to 3 times compared to the reference group. 

Taking numerous such medications is critical: The association between medications with 

cognitive side effects and cognitive function is small and not statistically significant for 

those taking fewer than three medications (for cognitive assessment outcomes) and fewer 

than two medications (for self-reporting outcomes). Nonetheless, we observe a dose-

response relationship such that the association between medications with cognitive side 

effects and cognitive function increases over each category of additional medication.

4. Sensitivity analysis

In a sensitivity analysis, we introduce a categorical variable for the number of medications 

without cognitive side effects into the models. If the relationship between medications with 

cognitive side effects and cognitive function is driven by unobserved heterogeneity in health, 

the relationship between medications without cognitive side effects and cognitive function 

should be equally significant as that between medications with cognitive side effects and 

cognitive function. Table 3 shows no significant relationship between medications without 

cognitive side effects and cognitive impairment, except for the digit symbol substitution 

outcome in Model 3, and in this case the coefficient is smaller than the coefficient for three 
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or more medications with side effects. In these models, the association between medications 

with side effects and cognitive function is still statistically significant for those taking at 

least three medications with side effects.

IV. Discussion and Implications

This study is the first to assess trends in the utilization of prescription medications with 

cognitive impairment, memory loss, amnesia, and dementia side effects. We find that 

between 1999-2000 and 2015-2016, the prevalence of older adults taking one, two, or at 

least three medications with cognitive side effects increased by 10.5%, 55%, and 279%, 

respectively. Most of the increase in utilization of medications with cognitive side effects 

was attributed to an increase in the consumption of medications that treat 

hypercholesterolemia, depression and anxiety, or cardiovascular diseases. We then find that 

taking three or more such medications is associated with cognitive deficits, compared to 

those not taking medications with cognitive side effects. The relationship persists even after 

controlling for socio-demographic characteristics and past and current health conditions.

This study found a rapidly growing prevalence of taking three or more medications with 

cognitive side effects, as well as broad consequences of such medications for a variety of 

cognitive outcomes. The role of medications in the cognitive performance of older adults has 

likely been underappreciated. Although there are numerous guidelines for the diagnosis and 

treatment of chronic physical diseases (Bingley et al., 2001; Chobanian et al., 2003; Criner 

et al., 2015; Wender et al., 2013), there are currently no guidelines for the screening of 

cognitive impairment. Part of this may reflect the limited clinical benefits of such 

screenings. Following a review of the literature, the U.S. Preventive Services Task Force 

(2015) concluded that there was insufficient evidence on the benefits of screening for 

cognitive impairment. Yet a large number of older adults report worrisome cognitive 

impairments, and medication use may play an increasingly important role in their 

experience. In tandem with a lack of clinical guidelines for screening cognitive impairment, 

the growing intensity of diagnosis and treatment for chronic physical diseases may 

contribute significantly to cognitive impairment among older adults. Future studies should 

consider the benefits of screening for cognitive impairment particularly among patients who 

utilize medications with cognitive side effects.

The results also highlight the impact of polypharmacy. The most significant side effects 

documented in this study are limited to those taking three of more medications. Although 

most people who take medication with such a side effect take only one or two, 

polypharmacy is increasingly common, and in our study about 10% of adults are taking 

three or more medications with side effects. Kantor et al. (2015) found that the prevalence of 

older adults taking at least five medications increase by 81.8% from 1999-2000 to 

2011-2012. This current study found that the prevalence of older adults taking at least three 

medications with cognitive side effects has increased considerably more, by 279% since 

1999-2000. Polypharmacy may present unique risks for side effects, amplifying the effects 

of each of the medications in a set (Qato et al., 2018). For instance, taking multiple 

medications is a risk factor for dementia and delirium, as well as other adverse events 

(Jyrkkä, Enlund, Lavikainen, Sulkava, & Hartikainen, 2011; Martin, Stones, Young, & 
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Bédard, 2000). As the pharmaceutical treatment of chronic disease is common, future 

research should further investigate its spillover effects to other illnesses.

Limitations

While this study improves the previous literature by using nationally representative data and 

including a comprehensive list of all medications with cognitive side effects, it faces several 

limitations. First, we are not able to establish a causal relationship between cognitive 

function and medications with cognitive side effects. Due to the cross-sectional nature of the 

NHANES, it is challenging to determine whether medications with cognitive side effects 

cause cognitive impairment or if cognitive impairment leads to the onset of other health 

conditions that require pharmaceutical treatment. Second, the medications in this study not 

only have cognitive side effects but also other side effects that may indirectly influence 

cognitive function. We address both of these issues by controlling for a comprehensive list of 

current and past health conditions, including conditions that may influence a respondent’s 

cognitive function, but there are nonetheless potentially unobserved conditions that are 

influential. Third, although Micromedex is reliable when it comes to identifying adverse 

effects of medications, it is possible that there are medications with cognitive side effects 

that are not included in the database. Moreover, since NHANES only collects data on 

outpatient and over-the-counter medications, we lack information on medications 

administered to inpatients at hospitals. To address some forms of unobserved heterogeneity, 

we follow another similar study by Qato, Ozenberger, & Olfson (2018) and include in some 

of our models the number of medications without any known cognitive side effects. We find 

that there is almost no association between medications without such side effects and 

cognitive function. This suggests both that unobserved heterogeneity with respect to health 

is unlikely to explain the results and that there are few medications with cognitive side 

effects that have not been correctly identified by Micromedex.

Conclusion

This study demonstrated a strong relationship between taking multiple medications with 

cognitive side effects and cognitive functioning. Approximately 10% of older adults take 

three or more such medications, and this percentage is likely to increase more in the future. 

The investigation of cognitive side effects is an important frontier for future research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Weighted Prevalence of U.S. Adults Aged 60+ Taking Medications with Cognitive Side 

Effects. Data Source: NHANES 1999-2000 to 2015-2016.

Do and Schnittker Page 14

J Aging Health. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 15

Ta
b

le
 1

.

D
es

cr
ip

tiv
e 

St
at

is
tic

s 
of

 C
og

ni
tiv

e 
Fu

nc
tio

n,
 M

ed
ic

at
io

n 
U

til
iz

at
io

n,
 a

nd
 C

on
tr

ol
 V

ar
ia

bl
es

 A
m

on
g 

U
.S

. A
du

lts
 A

ge
d 

60
+

. D
at

a 
So

ur
ce

: N
H

A
N

E
S 

20
11

-2
01

2 
an

d 
20

13
-2

01
4.

A
ll

re
sp

on
de

nt
s

N
um

be
r 

of
 m

ed
ic

at
io

ns
 w

it
h 

co
gn

it
iv

e 
si

de
 e

ff
ec

ts
 t

ak
en

 b
y 

re
sp

on
de

nt
s

P
-v

al
ue

 a

N
on

e
1 

m
ed

ic
at

io
n

2 
m

ed
ic

at
io

ns
3+

 m
ed

ic
at

io
ns

P
an

el
 A

: 
C

og
ni

ti
ve

 f
un

ct
io

n 
b

C
og

ni
ti

ve
 f

un
ct

io
ni

ng
 a

ss
es

sm
en

ts
 (

m
ea

n 
sc

or
e)

 
 D

el
ay

ed
 w

or
d 

re
ca

ll 
(N

=
3,

12
3)

6.
25

6.
37

6.
14

5.
97

5.
78

p=
0.

00
9

 
 A

ni
m

al
 f

lu
en

cy
 (

N
=

3,
10

7)
18

.1
2

18
.6

2
17

.7
5

17
.5

8
16

.7
1

p=
0.

00
2

 
 D

ig
it 

sy
m

bo
l s

ub
st

itu
tio

n 
(N

=
3,

01
2)

52
.1

4
54

.3
3

52
.1

0
49

.9
0

46
.9

1
p<

0.
00

1

 
 A

ve
ra

ge
 s

co
re

 o
f 

th
re

e 
te

st
s 

(N
=

2,
93

5)
25

.5
1

26
.5

3
25

.4
9

24
.5

4
23

.4
0

p<
0.

00
1

Se
lf

-r
ep

or
ti

ng
 c

og
ni

ti
ve

 f
un

ct
io

n 
(p

ro
po

rt
io

n)

 
 H

ad
 c

on
fu

si
on

/m
em

or
y 

lo
ss

 la
st

 1
2m

o 
(N

=
3,

17
5)

0.
14

0.
09

0.
11

0.
18

0.
30

p<
0.

00
1

 
 H

ad
 tr

ou
bl

e 
re

m
em

be
ri

ng
 la

st
 7

 d
ay

s 
(N

=
3,

17
1)

0.
20

0.
16

0.
17

0.
26

0.
30

p=
0.

00
6

P
an

el
 B

: 
M

ed
ic

at
io

n 
ut

ili
za

ti
on

, s
oc

io
-d

em
og

ra
ph

ic
 c

ha
ra

ct
er

is
ti

cs
 a

nd
 h

ea
lt

h 
co

nd
it

io
ns

 c

W
he

th
er

 t
ak

in
g 

dr
ug

s 
W

IT
H

 c
og

ni
ti

ve
 s

id
e 

ef
fe

ct
s 

(p
ro

po
rt

io
n)

 
 N

on
e

0.
38

 
 1

 d
ru

g
0.

34

 
 2

 d
ru

gs
0.

18

 
 3

+
 d

ru
gs

0.
10

W
he

th
er

 t
ak

in
g 

dr
ug

s 
W

IT
H

O
U

T
 c

og
ni

ti
ve

 s
id

e 
ef

fe
ct

s 
(p

ro
po

rt
io

n)
p<

0.
00

1

 
 N

on
e

0.
18

0.
34

0.
12

0.
06

0.
03

 
 1

 d
ru

g
0.

18
0.

26
0.

16
0.

11
0.

05

 
 2

 d
ru

gs
0.

17
0.

16
0.

19
0.

21
0.

07

 
 3

+
 d

ru
gs

0.
47

0.
24

0.
52

0.
62

0.
85

R
ac

e 
&

 e
th

ni
ci

ty
 (

pr
op

or
ti

on
)

p=
0.

03
6

 
 N

on
-H

is
pa

ni
c 

W
hi

te
0.

79
0.

76
0.

79
0.

81
0.

83

 
 H

is
pa

ni
c

0.
07

0.
09

0.
06

0.
07

0.
06

 
 N

on
-H

is
pa

ni
c 

B
la

ck
0.

09
0.

09
0.

09
0.

08
0.

07

 
 N

on
-H

is
pa

ni
c 

ot
he

rs
0.

05
0.

06
0.

05
0.

04
0.

04

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 16

A
ll

re
sp

on
de

nt
s

N
um

be
r 

of
 m

ed
ic

at
io

ns
 w

it
h 

co
gn

it
iv

e 
si

de
 e

ff
ec

ts
 t

ak
en

 b
y 

re
sp

on
de

nt
s

P
-v

al
ue

 a

N
on

e
1 

m
ed

ic
at

io
n

2 
m

ed
ic

at
io

ns
3+

 m
ed

ic
at

io
ns

P
an

el
 A

: 
C

og
ni

ti
ve

 f
un

ct
io

n 
b

F
em

al
e 

(p
ro

po
rt

io
n)

0.
55

0.
54

0.
51

0.
58

0.
63

p=
0.

01
5

A
ge

 (
pr

op
or

ti
on

)
p<

0.
00

1

 
 6

0-
69

0.
55

0.
61

0.
52

0.
49

0.
56

 
 7

0-
79

0.
30

0.
27

0.
33

0.
32

0.
26

 
 8

0+
0.

15
0.

12
0.

16
0.

19
0.

19

M
ar

it
al

 s
ta

tu
s 

(p
ro

po
rt

io
n)

p=
0.

09
3

 
 M

ar
ri

ed
 o

r 
liv

in
g 

w
ith

 p
ar

tn
er

0.
64

0.
62

0.
66

0.
66

0.
62

 
 W

id
ow

ed
, d

iv
or

ce
d,

 s
ep

ar
at

ed
0.

32
0.

32
0.

30
0.

32
0.

34

 
 N

ev
er

 m
ar

ri
ed

0.
04

0.
06

0.
04

0.
03

0.
04

E
du

ca
ti

on
 (

pr
op

or
ti

on
)

p=
0.

01
9

 
 L

es
s 

th
an

 h
ig

h 
sc

ho
ol

0.
17

0.
14

0.
17

0.
21

0.
19

 
 H

ig
h 

sc
ho

ol
 g

ra
du

at
e

0.
22

0.
21

0.
23

0.
23

0.
21

 
 S

om
e 

co
lle

ge
 o

r 
A

A
 d

eg
re

e
0.

31
0.

32
0.

31
0.

29
0.

34

 
 C

ol
le

ge
 g

ra
du

at
e 

or
 a

bo
ve

0.
30

0.
34

0.
29

0.
27

0.
26

P
ov

er
ty

 (
pr

op
or

ti
on

)
p=

0.
38

5

 
 <

10
0%

 p
ov

er
ty

 th
re

sh
ol

d
0.

10
0.

10
0.

09
0.

11
0.

11

C
hr

on
ic

 c
on

di
ti

on
s 

(p
ro

po
rt

io
n)

 
 A

st
hm

a
0.

14
0.

12
0.

12
0.

15
0.

30
p<

0.
00

1

 
 A

rt
hr

iti
s

0.
50

0.
38

0.
48

0.
65

0.
75

p<
0.

00
1

 
 C

an
ce

r
0.

24
0.

22
0.

24
0.

25
0.

28
p=

0.
35

4

 
 C

on
ge

st
iv

e 
he

ar
t f

ai
lu

re
0.

07
0.

04
0.

07
0.

12
0.

11
p<

0.
00

1

 
 C

or
on

ar
y 

he
ar

t d
is

ea
se

0.
09

0.
02

0.
12

0.
15

0.
16

p<
0.

00
1

 
 H

ea
rt

 a
tta

ck
0.

08
0.

03
0.

09
0.

15
0.

12
p<

0.
00

1

 
 A

ng
in

a
0.

06
0.

02
0.

05
0.

11
0.

13
p<

0.
00

1

 
 E

m
ph

ys
em

a
0.

05
0.

03
0.

03
0.

08
0.

09
p=

0.
00

2

 
 B

ro
nc

hi
tis

0.
08

0.
06

0.
07

0.
11

0.
10

p=
0.

16
9

 
 S

tr
ok

e
0.

07
0.

05
0.

07
0.

08
0.

09
p=

0.
02

8

 
 H

yp
er

te
ns

io
n

0.
40

0.
39

0.
41

0.
37

0.
42

p=
0.

68
8

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 17

A
ll

re
sp

on
de

nt
s

N
um

be
r 

of
 m

ed
ic

at
io

ns
 w

it
h 

co
gn

it
iv

e 
si

de
 e

ff
ec

ts
 t

ak
en

 b
y 

re
sp

on
de

nt
s

P
-v

al
ue

 a

N
on

e
1 

m
ed

ic
at

io
n

2 
m

ed
ic

at
io

ns
3+

 m
ed

ic
at

io
ns

P
an

el
 A

: 
C

og
ni

ti
ve

 f
un

ct
io

n 
b

 
 D

ia
be

te
s

0.
21

0.
10

0.
26

0.
28

0.
30

p<
0.

00
1

M
en

ta
l D

is
tr

es
s 

(K
6 

>=
 1

3)
 (

pr
op

or
ti

on
)

0.
08

0.
04

0.
07

0.
10

0.
19

p<
0.

00
1

O
be

se
 (

B
M

I 
>=

 3
0)

 (
pr

op
or

ti
on

)
0.

38
0.

32
0.

37
0.

43
0.

50
p=

0.
00

2

a:
P-

va
lu

e 
in

di
ca

te
s 

if
 m

ea
ns

 a
re

 s
ig

ni
fi

ca
nt

ly
 d

if
fe

re
nt

 a
cr

os
s 

re
sp

on
de

nt
s 

w
ho

 ta
ke

 n
on

e,
 o

ne
, t

w
o,

 o
r 

at
 le

as
t t

hr
ee

 m
ed

ic
at

io
ns

 w
ith

 c
og

ni
tiv

e 
si

de
 e

ff
ec

ts
, b

as
ed

 o
n 

lin
ea

r 
le

as
t-

sq
ua

re
d 

re
gr

es
si

on
 a

nd
 

su
rv

ey
 w

ei
gh

ts
.

b:
A

lth
ou

gh
 th

is
 s

tu
dy

 in
cl

ud
es

 3
,1

77
 a

du
lts

 a
ge

d 
60

 a
nd

 o
ld

er
, t

he
 s

am
pl

e 
si

ze
 f

or
 e

ac
h 

co
gn

iti
ve

 m
ea

su
re

 m
ay

 v
ar

y 
du

e 
to

 m
is

si
ng

 d
at

a.

c:
A

ll 
m

ed
ic

at
io

n 
ut

ili
za

tio
n,

 s
oc

io
-d

em
og

ra
ph

ic
 a

nd
 h

ea
lth

 c
on

di
tio

ns
 e

st
im

at
es

 a
re

 b
as

ed
 o

n 
a 

fu
ll 

sa
m

pl
e 

of
 3

,1
77

 a
du

lts
 a

ge
d 

60
 a

nd
 o

ld
er

, o
f 

w
hi

ch
 1

,2
52

 d
id

 n
ot

 c
on

su
m

e 
an

y 
m

ed
ic

at
io

ns
 w

ith
 c

og
ni

tiv
e 

si
de

 e
ff

ec
ts

, 1
,0

28
 u

se
d 

on
e 

m
ed

ic
at

io
n 

w
ith

 c
og

ni
tiv

e 
si

de
 e

ff
ec

ts
, 5

84
 u

se
d 

tw
o 

m
ed

ic
at

io
ns

 w
ith

 c
og

ni
tiv

e 
si

de
 e

ff
ec

ts
, a

nd
 3

13
 u

se
d 

at
 le

as
t t

hr
ee

 m
ed

ic
at

io
ns

 w
ith

 s
id

e 
ef

fe
ct

s 
in

 th
e 

pa
st

 m
on

th
.

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 18

Ta
b

le
 2

.

O
L

S 
an

d 
L

og
is

tic
 R

eg
re

ss
io

ns
 o

f 
C

og
ni

tiv
e 

Fu
nc

tio
n 

on
 M

ed
ic

at
io

ns
 w

ith
 C

og
ni

tiv
e 

Si
de

 E
ff

ec
ts

 f
or

 A
du

lts
 A

ge
d 

60
+

. D
at

a 
So

ur
ce

: N
H

A
N

E
S 

20
11

-2
01

2 
an

d 
20

13
-2

01
4.

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 5

O
ut

co
m

e:
W

or
d 

le
ar

ni
ng

 a
nd

 r
ec

al
ls

A
ni

m
al

 F
lu

en
cy

D
ig

it
 S

ym
bo

l S
ub

st
it

ut
io

n
C

om
po

si
te

 M
ea

su
re

m
en

t
Se

lf
-r

ep
or

te
d 

co
gn

it
iv

e
im

pa
ir

m
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

A
ve

ra
ge

st
an

da
rd

iz
ed

sc
or

e

W
he

th
er

2+
 t

es
ts

 in
to

p 
25

pe
rc

en
t

H
ad

co
nf

us
io

n 
or

m
em

or
y 

lo
ss

la
st

 1
2

m
on

th
s

H
ad

 t
ro

ub
le

re
m

em
be

ri
ng

la
st

 7
 d

ay
s

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

O
R

 (
SE

)
O

R
 (

SE
)

W
he

th
er

 t
ak

in
g 

dr
ug

s 
W

IT
H

 c
og

ni
ti

ve
 s

id
e 

ef
fe

ct
s

 
 N

on
e 

(r
ef

er
en

ce
)

 
 1

 d
ru

g 
(0

/1
)

−
0.

01
5

(0
.0

51
)

1.
04

7
(0

.1
56

)
−

0.
03

6
(0

.0
61

)
0.

88
8

(0
.1

16
)

−
0.

01
1

(0
.0

43
)

0.
82

0
(0

.1
44

)
−

0.
02

0
(0

.0
38

)
0.

88
5

(0
.1

71
)

1.
13

9
(0

.1
95

)
1.

02
4

(0
.1

72
)

 
 2

 d
ru

gs
 (

0/
1)

−
0.

09
6

(0
.0

50
)

0.
85

2
(0

.1
26

)
−

0.
01

2
(0

.0
80

)
0.

95
2

(0
.1

61
)

−
0.

04
3

(0
.0

54
)

0.
74

1
(0

.1
30

)
−

0.
04

9
(0

.0
47

)
0.

83
5

(0
.1

42
)

1.
72

9*
*

(0
.3

00
)

1.
56

9*
(0

.3
02

)

 
 3

+
 d

ru
gs

 (
0/

1)
−

0.
24

0*
*

(0
.0

85
)

0.
58

1*
(0

.1
52

)
−

0.
22

3*
*

(0
.0

79
)

0.
50

6*
(0

.1
39

)
−

0.
31

7*
**

(0
.0

62
)

0.
39

9*
*

(0
.1

11
)

−
0.

24
0*

**
(0

.0
62

)
0.

43
0*

(0
.1

40
)

3.
02

4*
**

(0
.7

28
)

1.
69

7*
(0

.3
41

)

R
ac

e 
&

 e
th

ni
ci

ty

 
 N

on
-H

is
pa

ni
c 

W
hi

te
 (

re
fe

re
nc

e)

 
 H

is
pa

ni
c 

(0
/1

)
−

0.
26

1*
**

(0
.0

52
)

0.
60

9*
*

(0
.0

95
)

−
0.

28
8*

**
(0

.0
60

)
0.

47
4*

**
(0

.0
63

)
−

0.
65

0*
**

(0
.0

50
)

0.
32

5*
**

(0
.0

43
)

−
0.

39
0*

**
(0

.0
46

)
0.

38
3*

**
(0

.0
56

)

1.
28

9
(0

.2
65

)
1.

64
3*

*
(0

.2
71

)

 
 N

on
-H

is
pa

ni
c 

B
la

ck
 (

0/
1)

−
0.

20
0*

**
(0

.0
54

)
0.

69
9*

(0
.1

02
)

−
0.

53
5*

**
(0

.0
52

)
0.

33
3*

**
(0

.0
44

)
−

0.
66

0*
**

(0
.0

45
)

0.
19

4*
**

(0
.0

38
)

−
0.

44
0*

**
(0

.0
39

)
0.

28
6*

**
(0

.0
48

)
0.

70
6*

(0
.1

05
)

0.
96

6
(0

.1
42

)

 
 N

on
-H

is
pa

ni
c 

ot
he

rs
 (

0/
1)

0.
06

4
(0

.0
77

)
1.

04
4

(0
.3

17
)

−
0.

51
3*

**
(0

.1
05

)
0.

30
5*

**
(0

.0
97

)
−

0.
17

3*
*

(0
.0

60
)

0.
81

9
(0

.2
12

)
−

0.
20

2*
**

(0
.0

53
)

0.
59

0
(0

.1
64

)
1.

27
4

(0
.2

51
)

0.
90

6
(0

.2
42

)

F
em

al
e 

(0
/1

)
0.

31
5*

**
(0

.0
32

)
2.

36
1*

**
(0

.2
07

)

−
0.

00
6

(0
.0

54
)

0.
91

7
(0

.1
01

)
0.

31
0*

**
(0

.0
35

)
2.

44
9*

**
(0

.4
18

)
0.

20
4*

**
(0

.0
29

)
1.

96
5*

**
(0

.3
11

)

0.
94

4
(0

.1
26

)
1.

45
4*

*
(0

.1
77

)

A
ge

 (
co

nt
in

uo
us

)
−

0.
04

7*
**

(0
.0

04
)

0.
90

5*
**

(0
.0

09
)

−
0.

04
5*

**
(0

.0
04

)
0.

91
2*

**
(0

.0
08

)
−

0.
05

5*
**

(0
.0

03
)

0.
87

2*
**

(0
.0

10
)

−
0.

04
9*

**
(0

.0
03

)
0.

86
6*

**
(0

.0
10

)
1.

05
3*

**
(0

.0
11

)
1.

03
3*

*
(0

.0
11

)

M
ar

it
al

 s
ta

tu
s

 
 M

ar
ri

ed
 o

r 
liv

in
g 

w
ith

 p
ar

tn
er

 
(r

ef
er

en
ce

)

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 19

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 5

O
ut

co
m

e:
W

or
d 

le
ar

ni
ng

 a
nd

 r
ec

al
ls

A
ni

m
al

 F
lu

en
cy

D
ig

it
 S

ym
bo

l S
ub

st
it

ut
io

n
C

om
po

si
te

 M
ea

su
re

m
en

t
Se

lf
-r

ep
or

te
d 

co
gn

it
iv

e
im

pa
ir

m
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

A
ve

ra
ge

st
an

da
rd

iz
ed

sc
or

e

W
he

th
er

2+
 t

es
ts

 in
to

p 
25

pe
rc

en
t

H
ad

co
nf

us
io

n 
or

m
em

or
y 

lo
ss

la
st

 1
2

m
on

th
s

H
ad

 t
ro

ub
le

re
m

em
be

ri
ng

la
st

 7
 d

ay
s

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

O
R

 (
SE

)
O

R
 (

SE
)

 
 W

id
ow

ed
, d

iv
or

ce
d,

 s
ep

ar
at

ed
 (

0/
1)

−
0.

07
2

(0
.0

45
)

0.
78

3
(0

.1
07

)
−

0.
00

1
(0

.0
48

)
0.

78
3

(0
.1

07
)

−
0.

07
8

(0
.0

43
)

0.
82

7
(0

.1
38

)
−

0.
04

0
(0

.0
34

)
0.

86
7

(0
.1

24
)

0.
94

3
(0

.1
48

)
1.

02
0

(0
.1

51
)

 
 N

ev
er

 m
ar

ri
ed

 (
0/

1)
−

0.
06

7
(0

.0
96

)
0.

76
4

(0
.1

91
)

−
0.

06
3

(0
.1

26
)

0.
76

4
(0

.1
91

)
−

0.
08

9
(0

.1
00

)
0.

93
2

(0
.2

78
)

−
0.

05
5

(0
.0

88
)

0.
80

6
(0

.2
41

)
1.

12
4

(0
.3

79
)

0.
53

0
(0

.1
72

)

E
du

ca
ti

on
al

 a
tt

ai
nm

en
t

 
 L

es
s 

th
an

 h
ig

h 
sc

ho
ol

 (
re

fe
re

nc
e)

 
 H

ig
h 

sc
ho

ol
 g

ra
du

at
e 

(0
/1

)
0.

09
8

(0
.0

65
)

1.
61

8*
(0

.3
70

)
0.

14
0*

*
(0

.0
49

)
1.

61
8*

(0
.3

70
)

0 
41

4*
**

(0
.0

41
)

2.
90

2*
**

(0
.8

16
)

0.
20

5*
**

(0
.0

36
)

2.
43

5*
*

(0
.6

92
)

0.
73

2
(0

.1
49

)
1.

10
5

(0
.2

53
)

 
 S

om
e 

co
lle

ge
 o

r 
A

A
 d

eg
re

e
0.

27
4*

**
(0

.0
58

)
3.

05
4*

**
(0

.5
76

)
0.

46
2*

**
(0

.0
46

)
3.

05
4*

**
(0

.5
76

)
0.

67
3*

**
(0

.0
43

)
5.

33
5*

**
(1

.2
51

)
0.

45
4*

**
(0

.0
36

)
5.

65
6*

**
(1

.2
90

)

0.
78

6
(0

.1
40

)
0.

91
9

(0
.1

71
)

 
 C

ol
le

ge
 g

ra
du

at
e 

or
 a

bo
ve

0.
30

6*
*

(0
.0

87
)

5.
02

7*
**

(0
.9

03
)

0.
78

1*
**

(0
.0

78
)

5.
02

7*
**

(0
.9

03
)

0.
85

8*
**

(0
.0

53
)

10
.3

44
**

*
(3

.2
43

)
0.

64
6*

**
(0

.0
57

)
9.

70
9*

**
(2

.4
56

)

0.
78

3
(0

.1
67

)
0.

82
7

(0
.1

77
)

P
ov

er
ty

 t
hr

es
ho

ld
 <

 1
00

%
 (

0/
1)

−
0.

07
2

(0
.0

54
)

1.
04

7
(0

.1
75

)
−

0.
08

8
(0

.0
60

)
1.

04
7

(0
.1

75
)

−
0.

24
6*

**
(0

.0
54

)
0.

58
1*

(0
.1

20
)

−
0.

13
5*

*
(0

.0
45

)

0.
78

2
(0

.1
55

)
1.

41
0

(0
.2

50
)

0.
91

8
(0

.1
41

)

H
as

 a
ny

 h
ea

lt
h 

in
su

ra
nc

e 
(0

/1
)

0.
14

6*
(0

.0
66

)

1.
64

7
(0

.5
38

)
0.

12
7

(0
.1

11
)

1.
64

7
(0

.5
38

)
0.

22
2*

*
(0

.0
68

)

1.
44

6
(0

.3
78

)
0.

17
2*

*
(0

.0
59

)
1.

96
3*

(0
.5

00
)

0.
85

3
(0

.2
46

)
0.

91
0

(0
.2

17
)

M
en

ta
l D

is
tr

es
s 

(P
H

Q
9 

>=
 1

0)
 (

0/
1)

−
0.

13
8*

(0
.0

67
)

0.
86

9
(0

.1
74

)
−

0.
25

0*
*

(0
.0

71
)

0.
86

9
(0

.1
74

)
−

0.
21

6*
(0

.0
85

)

0.
74

4
(0

.2
27

)
−

0.
21

1*
**

(0
.0

55
)

0.
92

6
(0

.2
15

)
4.

95
6*

**
(1

.0
73

)
2.

68
7*

**
(0

.4
93

)

O
be

se
 (

B
M

I 
>=

 3
0)

 (
0/

1)
0.

09
2*

(0
.0

43
)

1.
17

3
(0

.1
46

)
0.

08
4

(0
.0

52
)

1.
17

3
(0

.1
46

)
0.

06
6

(0
.0

41
)

1.
04

1
(0

.1
43

)
0.

07
4

(0
.0

38
)

1.
08

3
(0

.1
44

)
0.

82
9

(0
.1

38
)

0.
77

4
(0

.1
17

)

Y
ea

r 
fi

xe
d 

ef
fe

ct
 (

20
13

-2
01

4 
vs

. 
20

11
-2

01
2)

0.
07

1
(0

.0
47

)
0.

93
2

(0
.1

01
)

−
0.

08
2

(0
.0

51
)

0.
93

2
(0

.1
01

)
−

0.
08

9*
(0

.0
36

)

1.
00

0
(0

.1
42

)
−

0.
03

6
(0

.0
32

)
0.

84
3

(0
.1

23
)

0.
93

0
(0

.1
21

)
0.

83
6

(0
.1

11
)

C
hr

on
ic

 c
on

di
ti

on
s 

a
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es

N
um

be
r 

of
 o

bs
er

va
ti

on
s

31
23

31
23

31
07

31
07

30
12

30
12

29
35

29
35

31
75

31
71

N
ot

es
:

* p<
0.

05

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 20
**

p<
0.

01

**
* p<

0.
01

. S
ta

nd
ar

d 
er

ro
rs

 a
re

 in
 p

ar
en

th
es

is
. A

ll 
an

al
ys

es
 a

re
 w

ei
gh

te
d 

us
in

g 
su

rv
ey

 w
ei

gh
t.

a:
C

hr
on

ic
 c

on
di

tio
ns

 in
cl

ud
e 

a 
se

t o
f 

bi
na

ry
 in

di
ca

to
rs

 f
or

 w
he

th
er

 a
 p

er
so

n 
ha

s 
ev

er
 b

ee
n 

to
ld

 b
y 

a 
he

al
th

 p
ro

fe
ss

io
na

l t
ha

t t
he

y 
ha

ve
 a

st
hm

a,
 a

rt
hr

iti
s,

 c
an

ce
r, 

co
ng

es
tiv

e 
he

al
th

 f
ai

lu
re

, c
or

on
ar

y 
he

ar
t 

di
se

as
es

, h
ea

rt
 a

tta
ck

, a
ng

in
a,

 e
m

ph
ys

em
a,

 b
ro

nc
hi

tis
, s

tr
ok

e,
 d

ia
be

te
s,

 o
r 

hy
pe

rt
en

si
on

.

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 21

Ta
b

le
 3

:

Se
ns

iti
vi

ty
 A

na
ly

si
s 

fo
r 

O
L

S 
an

d 
L

og
is

tic
 R

eg
re

ss
io

ns
 o

f 
C

og
ni

tiv
e 

Fu
nc

tio
n 

on
 M

ed
ic

at
io

ns
 w

ith
 C

og
ni

tiv
e 

Si
de

 E
ff

ec
ts

 f
or

 A
du

lts
 A

ge
d 

60
+

. D
at

a 

So
ur

ce
: N

H
A

N
E

S 
20

11
-2

01
2 

an
d 

20
13

-2
01

4. M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 5

W
or

d 
le

ar
ni

ng
 a

nd
 r

ec
al

ls
A

ni
m

al
 F

lu
en

cy
D

ig
it

 S
ym

bo
l S

ub
st

it
ut

io
n

C
om

po
si

te
 M

ea
su

re
m

en
t

Se
lf

-r
ep

or
te

d 
co

gn
it

iv
e

im
pa

ir
m

en
t

O
ut

co
m

e:
St

an
da

rd
iz

ed
sc

or
e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

2+
 t

es
ts

 in
to

p 
25

pe
rc

en
t

H
ad

co
nf

us
io

n
or

 m
em

or
y

lo
ss

 la
st

 1
2

m
on

th
s

H
ad

 t
ro

ub
le

re
m

em
be

ri
ng

la
st

 7
 d

ay
s

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

O
R

 (
SE

)
O

R
 (

SE
)

W
he

th
er

 t
ak

in
g 

dr
ug

s 
W

IT
H

 c
og

ni
ti

ve
 s

id
e 

ef
fe

ct
s

 
 N

on
e 

(r
ef

er
en

ce
)

 
 1

 d
ru

g 
(0

/1
)

−
0.

00
4

(0
.0

52
)

1.
04

5
(0

.1
55

)
−

0.
02

6
(0

.0
68

)
0.

92
4

(0
.1

42
)

0.
01

6
(0

.0
48

)
0.

90
5

(0
.1

72
)

−
0.

00
3

(0
.0

43
)

0.
88

9
(0

.2
00

)
1.

09
8

(0
.1

90
)

0.
98

9
(0

.1
68

)

 
 2

 d
ru

gs
 (

0/
1)

−
0.

08
2

(0
.0

49
)

0.
85

0
(0

.1
24

)
−

0.
00

1
(0

.0
81

)
0.

99
8

(0
.1

81
)

−
0.

01
3

(0
.0

54
)

0.
82

5
(0

.1
53

)
−

0.
02

9
(0

.0
47

)
0.

83
7

(0
.1

46
)

1.
65

1*
*

(0
.2

65
)

1.
50

1*
(0

.2
80

)

 
 3

+
 d

ru
gs

 (
0/

1)
−

0.
22

5*
(0

.0
86

)
0.

58
1*

(0
.1

52
)

−
0.

20
6*

(0
.0

87
)

0.
54

4*
(0

.1
59

)
−

0.
26

6*
**

(0
.0

63
)

0.
48

5*
(0

.1
37

)
−

0.
21

2*
*

(0
.0

63
)

0.
44

1*
(0

.1
59

)
2.

83
4*

**
(0

.7
27

)
1.

61
6*

(0
.3

00
)

W
he

th
er

 t
ak

in
g 

dr
ug

s 
W

IT
H

O
U

T
 c

og
iit

iv
e 

si
de

 e
ff

ec
ts

 
 N

on
e 

(r
ef

er
en

ce
)

 
 1

 d
ru

g 
(0

/1
)

0.
03

9
(0

.0
66

)
1.

04
4

(0
.1

80
)

−
0.

11
4

(0
.0

87
)

0.
78

6
(0

.1
72

)
−

0.
07

8
(0

.0
76

)
0.

80
1

(0
.1

80
)

−
0.

05
6

(0
.0

56
)

0.
98

7
(0

.2
78

)
1.

28
0

(0
.2

98
)

0.
93

8
(0

.2
42

)

 
 2

 d
ru

gs
 (

0/
1)

−
0.

04
5

(0
.0

60
)

1.
02

1
(0

.1
75

)
−

0.
04

4
(0

.0
84

)
0.

87
8

(0
.1

75
)

−
0.

04
9

(0
.0

66
)

0.
84

9
(0

.1
85

)
−

0.
05

2
(0

.0
55

)
1.

07
5

(0
.2

55
)

1.
13

0
(0

.2
94

)
1.

15
9

(0
.2

70
)

 
 3

+
 d

ru
gs

 (
0/

1)
−

0.
03

1
(0

.0
45

)
1.

01
9

(0
.1

57
)

−
0.

08
2

(0
.0

81
)

0.
77

2
(0

.1
65

)
−

0.
15

6*
(0

.0
62

)
0.

57
1*

(0
.1

17
)

−
0.

09
1

(0
.0

46
)

0.
95

3
(0

.2
43

)
1.

29
8

(0
.3

05
)

1.
13

4
(0

.2
21

)

R
ac

e 
&

 e
th

ni
ci

ty

 
 N

on
-H

is
pa

ni
c 

W
hi

te
 (

re
fe

re
nc

e)

 
 H

is
pa

ni
c 

(0
/1

)
−

0.
26

1*
**

(0
.0

52
)

0.
61

0*
*

(0
.0

95
)

−
0.

29
3*

**
(0

.0
58

)
0.

46
7*

**
(0

.0
61

)
−

0.
65

7*
**

(0
.0

50
)

0.
31

5*
**

(0
.0

41
)

−
0.

39
4*

**
(0

.0
45

)
0.

38
3*

**
(0

.0
56

)

1.
30

6
(0

.2
64

)
1.

64
3*

*
(0

.2
71

)

 
 N

on
-H

is
pa

ni
c 

B
la

ck
 (

0/
1)

−
0 

19
9*

**
(0

.0
54

)
0.

69
9*

(0
.1

00
)

−
0.

53
4*

**
(0

.0
52

)
0.

33
5*

**
(0

.0
44

)
−

0.
65

5*
**

(0
.0

45
)

01
95

**
*

(0
.0

38
)

−
0.

43
8*

**
(0

.0
39

)
0.

28
7*

**
(0

.0
47

)
0.

70
4*

(0
.1

05
)

0.
96

6
(0

.1
42

)

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 22

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 5

W
or

d 
le

ar
ni

ng
 a

nd
 r

ec
al

ls
A

ni
m

al
 F

lu
en

cy
D

ig
it

 S
ym

bo
l S

ub
st

it
ut

io
n

C
om

po
si

te
 M

ea
su

re
m

en
t

Se
lf

-r
ep

or
te

d 
co

gn
it

iv
e

im
pa

ir
m

en
t

O
ut

co
m

e:
St

an
da

rd
iz

ed
sc

or
e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

2+
 t

es
ts

 in
to

p 
25

pe
rc

en
t

H
ad

co
nf

us
io

n
or

 m
em

or
y

lo
ss

 la
st

 1
2

m
on

th
s

H
ad

 t
ro

ub
le

re
m

em
be

ri
ng

la
st

 7
 d

ay
s

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

O
R

 (
SE

)
O

R
 (

SE
)

 
 N

on
-H

is
pa

ni
c 

ot
he

rs
 (

0/
1)

0.
06

2
(0

.0
76

)
1.

04
5

(0
.3

20
)

−
0.

51
3*

**
(0

.1
04

)
0.

30
5*

**
(0

.0
97

)
−

0.
17

3*
*

(0
.0

60
)

0.
82

1
(0

.2
13

)
−

0.
20

3*
**

(0
.0

53
)

0.
59

3
(0

.1
63

)
1.

27
8

(0
.2

48
)

0.
90

6
(0

.2
42

)

F
em

al
e 

(0
/1

)
0.

31
6*

**
(0

.0
32

)
2.

36
1*

**
(0

.2
06

)

−
0.

00
5

(0
.0

53
)

0.
91

9
(0

.1
00

)
0.

31
2*

**
(0

.0
35

)
2 

49
3*

**
(0

.4
25

)
0.

20
5*

**
(0

.0
29

)
1.

96
5*

**
(0

.3
13

)

0.
94

1
(0

.1
27

)
1.

45
4*

*
(0

.1
77

)

A
ge

 (
co

nt
in

uo
us

)
−

0.
04

7*
**

(0
.0

04
)

0.
90

5*
**

(0
.0

09
)

−
0.

04
5*

**
(0

.0
04

)
0 

91
4*

**
(0

.0
08

)
−

0.
05

4*
**

(0
.0

03
)

0.
87

5*
**

(0
.0

11
)

−
0.

04
8*

**
(0

.0
03

)
0.

86
7*

**
(0

.0
10

)
1.

05
1*

**
(0

.0
11

)
1.

03
3*

*
(0

.0
11

)

M
ar

it
al

 s
ta

tu
s

 
 M

ar
ri

ed
 o

r 
liv

in
g 

w
ith

 p
ar

tn
er

 (
re

fe
re

nc
e)

 
 W

id
ow

ed
, d

iv
or

ce
d,

 s
ep

ar
at

ed
 (

0/
1)

−
0.

07
2

(0
.0

45
)

0.
87

7
(0

.1
31

)
−

0.
00

3
(0

.0
48

)
0.

78
0

(0
.1

05
)

−
0.

08
0

(0
.0

44
)

0.
82

3
(0

.1
38

)
−

0.
04

1
(0

.0
34

)
0.

86
8

(0
.1

23
)

0.
94

8
(0

.1
49

)
1.

02
1

(0
.1

50
)

 
 N

ev
er

 m
ar

ri
ed

 (
0/

1)
−

0.
06

7
(0

.0
96

)
0.

89
3

(0
.2

64
)

−
0.

06
6

(0
.1

28
)

0.
75

5
(0

.1
90

)
−

0.
09

3
(0

.0
99

)
0.

93
0

(0
.2

80
)

−
0.

05
7

(0
.0

89
)

0.
80

7
(0

.2
39

)
1.

13
1

(0
.3

82
)

0.
52

9
(0

.1
72

)

E
du

ca
ti

on
al

 a
tt

ai
nm

en
t

 
 L

es
s 

th
an

 h
ig

h 
sc

ho
ol

 (
re

fe
re

nc
e)

 
 H

ig
h 

sc
ho

ol
 g

ra
du

at
e 

(0
/1

)
0.

09
8

(0
.0

65
)

1.
33

6
(0

.2
46

)
0.

14
3*

*
(0

.0
49

)
1.

62
5*

(0
.3

70
)

0 
41

5*
**

(0
.0

40
)

2.
90

8*
**

(0
.8

12
)

0.
20

6*
**

(0
.0

36
)

2.
43

1*
*

(0
.6

85
)

0.
72

9
(0

.1
48

)
1.

10
8

(0
.2

53
)

 
 S

om
e 

co
lle

ge
 o

r 
A

A
 d

eg
re

e
0.

27
6*

**
(0

.0
58

)
2 

35
7*

**
(0

.4
56

)
0.

46
1*

**
(0

.0
46

)
3.

04
8*

**
(0

.5
76

)
0.

67
2*

**
(0

.0
44

)
5.

33
4*

**
(1

.2
56

)
0 

45
4*

**
(0

.0
36

)
5.

63
5*

**
(1

.2
89

)

0.
78

9
(0

.1
40

)
0.

91
6

(0
.1

68
)

 
 C

ol
le

ge
 g

ra
du

at
e 

or
 a

bo
ve

0.
30

5*
*

(0
.0

87
)

2.
41

2*
**

(0
.5

58
)

0.
78

0*
**

(0
.0

77
)

5.
02

3*
**

(0
.8

94
)

0.
85

5*
**

(0
.0

53
)

10
.3

79
**

*
(3

.2
25

)
0.

64
5*

**
(0

.0
57

)
9.

68
5*

**
(2

.4
81

)

0.
78

6
(0

.1
68

)
0.

83
4

(0
.1

75
)

P
ov

er
ty

 t
hr

es
ho

ld
 <

 1
00

%
 (

0/
1)

−
0.

07
4

(0
.0

53
)

0.
90

0
(0

.1
47

)
−

0.
08

2
(0

.0
60

)
1.

06
1

(0
.1

81
)

−
0.

24
3*

**
(0

.0
54

)
0.

58
7*

(0
.1

20
)

−
0.

13
3*

*
(0

.0
45

)

0.
78

4
(0

.1
53

)
1.

39
4

(0
.2

46
)

0.
92

2
(0

.1
39

)

H
as

 a
ny

 h
ea

lt
h 

in
su

ra
nc

e 
(0

/1
)

0.
14

5*
(0

.0
63

)
1.

64
3*

(0
.3

47
)

0.
13

5
(0

.1
12

)
1.

68
5

(0
.5

62
)

0.
23

1*
*

(0
.0

70
)

1.
49

3
(0

.3
94

)
0.

17
7*

*
(0

.0
59

)
1.

96
9*

(0
.5

09
)

0.
83

6
(0

.2
41

)
0.

90
9

(0
.2

10
)

M
en

ta
l D

is
tr

es
s 

(P
H

Q
9 

>=
 1

0)
 (

0/
1)

−
0.

13
5

(0
.0

67
)

0.
88

3
(0

.1
89

)
−

0.
25

2*
*

(0
.0

72
)

0.
86

7
(0

.1
74

)
−

0.
21

4*
(0

.0
86

)

0.
75

3
(0

.2
37

)
−

0.
21

0*
**

(0
.0

55
)

0.
92

8
(0

.2
16

)
4 

95
7*

**
(1

.0
74

)
2.

66
5*

**
(0

.4
85

)

J Aging Health. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Do and Schnittker Page 23

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 5

W
or

d 
le

ar
ni

ng
 a

nd
 r

ec
al

ls
A

ni
m

al
 F

lu
en

cy
D

ig
it

 S
ym

bo
l S

ub
st

it
ut

io
n

C
om

po
si

te
 M

ea
su

re
m

en
t

Se
lf

-r
ep

or
te

d 
co

gn
it

iv
e

im
pa

ir
m

en
t

O
ut

co
m

e:
St

an
da

rd
iz

ed
sc

or
e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

in
 t

op
 2

5
pe

rc
en

t

St
an

da
rd

iz
ed

sc
or

e

W
he

th
er

2+
 t

es
ts

 in
to

p 
25

pe
rc

en
t

H
ad

co
nf

us
io

n
or

 m
em

or
y

lo
ss

 la
st

 1
2

m
on

th
s

H
ad

 t
ro

ub
le

re
m

em
be

ri
ng

la
st

 7
 d

ay
s

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

C
oe

f. 
(S

E
)

O
R

 (
SE

)
C

oe
f. 

(S
E

)
O

R
 (

SE
)

O
R

 (
SE

)
O

R
 (

SE
)

O
be

se
 (

B
M

I 
>=

 3
0)

 (
0/

1)
0.

09
6*

(0
.0

42
)

0.
99

4
(0

.1
17

)
0.

08
7

(0
.0

54
)

1.
19

2
(0

.1
53

)
0.

07
6

(0
.0

43
)

1.
08

8
(0

.1
51

)
0.

08
0*

(0
.0

39
)

1.
08

9
(0

.1
46

)
0.

82
0

(0
.1

31
)

0.
76

4
(0

.1
12

)

Y
ea

r 
fi

xe
d 

ef
fe

ct
 (

20
13

-2
01

4 
vs

. 
20

11
-2

01
2)

0.
07

3
(0

.0
46

)
0.

82
2

(0
.1

18
)

−
0.

08
3

(0
.0

51
)

0.
92

9
(0

.1
00

)
−

0.
08

9*
(0

.0
36

)

1.
00

6
(0

.1
46

)
−

0.
03

6
(0

.0
32

)
0.

84
3

(0
.1

20
)

0.
93

2
(0

.1
21

)
0.

83
2

(0
.1

10
)

C
hr

on
ic

 c
on

di
ti

on
s 

a
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es

N
um

be
r 

of
 o

bs
er

va
tio

ns
31

23
31

23
31

07
31

07
30

12
30

12
29

35
29

35
31

75
31

71

N
ot

es
:

* p<
0.

05

**
p<

0.
01

**
* p<

0.
01

. S
ta

nd
ar

d 
er

ro
rs

 a
re

 in
 p

ar
en

th
es

is
. A

ll 
an

al
ys

es
 a

re
 w

ei
gh

te
d 

us
in

g 
su

rv
ey

 w
ei

gh
t.

a:
C

hr
on

ic
 c

on
di

tio
ns

 in
cl

ud
e 

a 
se

t o
f 

bi
na

ry
 in

di
ca

to
rs

 f
or

 w
he

th
er

 a
 p

er
so

n 
ha

s 
ev

er
 b

ee
n 

to
ld

 b
y 

a 
he

al
th

 p
ro

fe
ss

io
na

l t
ha

t t
he

y 
ha

ve
 a

st
hm

a,
 a

rt
hr

iti
s,

 c
an

ce
r, 

co
ng

es
tiv

e 
he

al
th

 f
ai

lu
re

, c
or

on
ar

y 
he

ar
t 

di
se

as
es

, h
ea

rt
 a

tta
ck

, a
ng

in
a,

 e
m

ph
ys

em
a,

 b
ro

nc
hi

tis
, s

tr
ok

e,
 d

ia
be

te
s,

 o
r 

hy
pe

rt
en

si
on

.

J Aging Health. Author manuscript; available in PMC 2021 October 01.


	Abstract
	Introduction
	Design and Methods
	Data
	Cognitive Function Measurements
	Prescription Medications
	Prescription Medications with Cognitive Impairment Side Effects
	Other Variables
	Depression.
	Obesity.
	Chronic conditions.
	Other covariates.

	Statistical Analysis

	Results
	Trend in utilization of medications with cognitive side effects
	Descriptive Statistics
	Association between cognitive function and medications with side effects
	Sensitivity analysis

	Discussion and Implications
	Limitations
	Conclusion

	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3:

