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Abstract

BACKGROUND/OBJECTIVES—Limited knowledge exists regarding sex differences in 

prescribing potentially inappropriate medications (PIM) for various multimorbidity patterns. This 

study sought to determine sex differences in PIM prescribing in older adults with cardiovascular

metabolic patterns.

DESIGN—Retrospective cohort study.

SETTING—Health and Retirement Study (HRS) 2004-2014 interview data, linked to HRS

Medicare claims data annualized for 2005-2014.

STUDY SAMPLE—6,341 Health and Retirement Study (HRS) participants ≥65 y/o with two and 

more chronic conditions.

MEASUREMENTS—PIM events were calculated using 2015 American Geriatrics Society 

Beers Criteria. Multimorbidity patterns included: ‘cardiovascular-metabolic only’, ‘cardiovascular

metabolic plus other physical conditions’, ‘cardiovascular-metabolic plus mental conditions’, and 

‘no cardiovascular-metabolic disease’ patterns. Logistic regression models were used to determine 

the association between PIM and sex, including interaction between sex and multimorbidity 

categories in the model, for PIM overall and for each PIM drug class.

RESULTS—Women were prescribed PIMs more often than men (39.4% vs 32.8%). Overall, 

women had increased odds of PIM (Adj. OR = 1.30, 95% CI: 1.16–1.46). Women had higher 

odds of PIM than men with cardiovascular-metabolic plus physical patterns (Adj.OR=1.25, 

95% CI: 1.07-1.45) and cardiovascular-metabolic plus mental patterns (Adj.OR=1.25, 95% CI: 
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1.06-1.48), and there were no sex differences in adults with a cardiovascular-metabolic only 

patterns (Adj.OR=1.13, 95% CI: 0.79-1.62). Women had greater odds of being prescribed 

the following PIMs: anticholinergics, antidepressants, antispasmodics, benzodiazepines, skeletal 

muscle relaxants, and had lower odds of being prescribed pain drugs and sulfonylureas compared 

to men.

CONCLUSION—This study evaluated sex differences in PIM prescribing among adults with 

complex cardiovascular-metabolic multimorbidity patterns. The effect of sex varied across 

multimorbidity patterns and by different PIM drug classes. This study identified important 

opportunities for future interventions to improve medication prescribing among older adults at 

risk for PIM.
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INTRODUCTION

Over 70% of older adults living with two or more chronic conditions—or multimorbidity1, 2

—often have complex medication regimens, greater healthcare utilization,3, 4 and incur 

significantly higher healthcare costs.5 Providers have the difficult task making informed 

clinical decisions around prescribed medications to manage multimorbidity. While 

women, on average, have more chronic conditions than men6, 7 and likely use more 

medications,8, 9 prior studies are inconsistent regarding sex differences in medication 

prescribing patterns.8, 10, 11 Uncovering the multimorbidity and medication prescribing 

patterns associated with adverse and avoidable outcomes will help inform efforts to provide 

care that is timely, appropriate, and minimizes costs associated with ineffective health care 

use.

Depending on chronic disease burden, high polypharmacy levels may not equate to 

poor quality care. Instead, a more useful clinical concept is the use of potentially 

inappropriate medications (PIMs) —defined as “a drug in which the risk of an adverse 

event outweighs its clinical benefit, particularly when there is a safer or more effective 

alternate therapy for the same condition.” 12 PIM prescribing is more common among 

women13 and older patients with cardiovascular conditions,14 especially in the presence 

of multimorbidity.15 While cardiovascular disease is more prevalent among men, women 

have worse cardiovascular-related health outcomes.16 A number of biological factors 

contribute to this difference:17 however, disparities in cardiovascular care and lack of 

appropriate treatment of cardiovascular disease in women compared to men18 may be 

contributing factors. Individuals with multimorbidity are often excluded from clinical trials, 

and older women are under-represented in clinical trials, especially for cardiovascular 

disease treatment.19

There is a gap in understanding the role of sex on the complexity of medication use in the 

context of multimorbidity, particularly for cardiovascular-metabolic conditions. Identifying 

sex differences in PIM prescribing in older adults with multimorbidity is critical to promote 

a sex-appropriate, tailored approach to medical care. Therefore, the purpose of this study 
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was to determine sex differences in PIM prescribing across various cardiovascular-metabolic 

multimorbidity patterns among older adults. We hypothesized that women with complex 

patterns of cardiovascular-metabolic plus other conditions have greater odds for PIM 

prescribing compared to men. In addition, we hypothesized that women have greater odds of 

being prescribed certain PIMs compared to men.

METHODS

Study design and data source

This study is a secondary analysis of the Health and Retirement Study (HRS) data, linked 

to Medicare claims. The HRS is an ongoing, nationally-representative longitudinal study of 

community-dwelling middle-aged and older adults in the US.20 For this study, we analyzed 

HRS interview data from 2004-2014, and linked annualized HRS-Medicare claims from 

2005-2014. The study protocol was approved by Oregon Health & Science University 

Institutional Review Board.

Study Sample

The study sample included HRS participants aged 65 and over who agreed to link their 

interview responses with Medicare claims data (n=24,066 participants, Figure 1). We 

excluded participants without multimorbidity (i.e. < 2 chronic conditions) at baseline, and 

those with missing race/ethnicity data, and those who were identified as Asian, American 

Indian, or “Other” race due to small number of participants in those categories, as their 

inclusion would provide insufficient power to analyze these groups. The final analytic 

sample consisted of 6,341 participants.

Measures

Dependent variable - PIM prescribing—We identified PIMs according to the 2015 

Beers Criteria,21 and focused on the list of medications to avoid in adults 65 years and 

older with no exceptions.22 Briefly, we used National Drug Codes (NDC) associated with 

Medicare Part D claims to assign each medication a drug class and a generic drug name 

(approximately 1.2% of drugs remained unknown after this process); we used generic drug 

names to identify PIMs. Of the 138 single-formulation drugs on the list, we were unable 

to determine the appropriateness for 57 drugs, as their appropriateness was dependent on 

clinical factors that could not be determined from Medicare claims data (e.g. insulin dosed 

on a sliding scale). The final list of medications is provided in Supplementary Table S1. 

For each patient and for each year, we calculated the total number of PIMs prescribed. 

We then constructed our dichotomous primary dependent variable (at least one PIM versus 

no PIM).23 We further created a series of dichotomous variables indicating prescription 

of specific PIM drug class (e.g. prescription of anticholinergics vs. no prescription of 

anticholinergics).

Independent Variables

Sex.: Male sex, as self-reported in HRS, was our main dichotomous independent variable of 

interest (male vs. female).
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Chronic conditions.: We identified participants’ annual diagnosis status for twenty chronic 

conditions prioritized for measuring multimorbidity based on criteria for prevalence, 

chronicity, and being amenable to public health or clinical intervention.24 To identify a 

chronic diagnosis, we used CMS Chronic Conditions Data Warehouse algorithms to indicate 

a clinical diagnosis using Medicare claims data.25 The 20 chronic conditions included: 

arthritis, asthma, autism spectrum disorder, cancer, cardiac arrhythmias, chronic kidney 

disease (CKD), chronic obstructive pulmonary disease (COPD), congestive heart failure, 

coronary artery disease, dementia (including Alzheimer’s and other senile dementias), 

depression, diabetes, hepatitis, hyperlipidemia, hypertension, human immunodeficiency 

virus (HIV), osteoporosis, schizophrenia, stroke, substance use disorders (drug and alcohol). 

We utilized a conceptual framework of multimorbidity that defines chronicity of health 

conditions. 24, 26 Based on this framework, once a diagnosis was indicated by the CMS 

Chronic Conditions Data Warehouse algorithm, we assumed a participant continued to have 

that disease at all subsequent years they were under observation.

As all participants in our study had multimorbidity, we were able to classify individuals 

into mutually-exclusive multimorbidity categories comprised of: 1) cardiovascular-metabolic 
only (including any combination of: cardiac arrhythmias, congestive heart failure, coronary 

artery disease, diabetes, hyperlipidemia, hypertension, or stroke); 2) cardiovascular
metabolic plus discordant physical (including combinations of ≥1 cardiometabolic disease 

and ≥1 discordant physical: arthritis, asthma, cancer, CKD, COPD, hepatitis, HIV, or 

osteoporosis); 3) cardiovascular-metabolic plus mental health (including combinations of 

≥1 cardiometabolic disease and ≥1 mental: autism spectrum disorder, dementia, depression, 

schizophrenia, or substance abuse disorders; with or without a physical disease) and, 4) 

no cardiovascular-metabolic disease (arthritis, asthma, cancer, CKD, COPD, hepatitis, HIV, 

osteoporosis, autism spectrum disorder, dementia, depression, schizophrenia, or substance 

abuse disorders).

Covariates—Covariates shown to affect the likelihood of PIM prescribing included 

number of medications used and health services utilization indicators (annual, based on 

Medicare data), sociodemographic factors and health and lifestyle characteristics (biannual, 

based on recent HRS survey wave).22, 27 Total number of medications was calculated as 

simultaneous use of medications for ≥90 days in a given calendar year and constructed as a 

count variable. Polypharmacy was defined as simultaneous use of ≥5 such medications and 

constructed as a dichotomous variable. Health services utilization covariates included annual 

number of all-cause ED visits, annual number of all-cause hospitalizations, and annual 

number of physician visits. Sociodemographic variables included: race/ethnicity (non

Hispanic White vs. Hispanic, and non-Hispanic Black), years of education, self-reported net 

worth (in US$), marital status (single vs. coupled), and geographical region based on U.S. 

Census Divisions (New England vs., Midwest, South, and West). Age (years) was calculated 

as of January 1 of each year using Medicare claims data. Health characteristics included 

body mass index (BMI) categorized as underweight/normal (BMI≤25) vs. overweight 

(BMI=25-30), and obese (BMI>30). Additional health characteristics were current tobacco 

use (yes/no), current alcohol use (yes/no).
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Missing data

While HRS participants complete surveys biannually, we structured the Medicare 

administrative claims data annually. To map HRS survey responses onto the Medicare data, 

we carried forward survey responses to the HRS off-years. Additionally, if a respondent 

did not participate in a HRS wave due to death or other reason, we carried forward or 

pulled back information from an adjacent wave (one wave previous or subsequent) to obtain 

covariate variables.

Statistical Analysis

We used descriptive methods to examine baseline characteristics, baseline chronic condition 

distributions, and baseline prescription of PIM drug classes in the study population, overall 

and by sex. We calculated frequencies and percents for categorical variables, and standard 

deviations for continuous variables; respectively, chi-squared and T-tests were used to test 

for differences in baseline characteristics according to sex.

To assess the association between prescription of PIM and sex, we created a series of 

nested logistic regression models. Our first model was the unconditional association between 

PIM and sex. The second model included covariates for sustained medication use and 

healthcare utilization. Our third logistic regression model additionally included demographic 

and health characteristics. We also determined if the association between PIM and sex 

varied by multimorbidity category. To do this, we added an interaction between sex and 

multimorbidity category into our aforementioned models. In all models, we used a cluster 

robust variance estimator to account for the multiple measurements of participants over the 

study period.

We further explored the association between sex and prescription of each PIM drug class. 

As detailed above, we created a series of nested logistic regression models, with and without 

an interaction between sex and multimorbidity category. We present odds ratios (ORs) 

and associated 95% confidence intervals (CIs) for all models. Analyses were performed in 

Stata/MP, version 13.1 (College Station, TX: StataCorp LP).

RESULTS

Overall, the study sample included 6,341 participants, who had a mean age of 75.7 years 

(SD 8.1) at baseline and included 64.4% women (Table 1). Women more often reported 

lower net worth and were less likely to be partnered than men. At baseline, more men 

reported current alcohol use and being overweight or obese.

Almost all individuals in the study sample (data not shown) had at least one cardiovascular

metabolic condition at baseline (98.6%), with the most prevalent conditions for both sexes 

being hypertension (89.7%), hyperlipidemia (80%) and diabetes (41.2%). At baseline, a 

higher percentage of men had a cardiovascular-metabolic only pattern (Table 1), as well as 

a cardiovascular-metabolic plus discordant physical pattern. Women had a higher prevalence 

of a cardiovascular-metabolic plus mental health pattern.
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Women were prescribed PIMs more often than men (32.8% of men and 39.4% of women) 

and women were prescribed a higher number of PIMs at baseline year (Table 1). Overall, 

PIM prescribing declined with age: from 39.2% in 65-74 y/o group to 33.8% in 85 years 

and older group. However, there were zero-to-minimal shifts in PIM prescribing by age 

across several PIM drug classes (Supplementary Table S2). After controlling for covariates, 

women had increased odds of PIMs (OR= 1.30, 95% CI: 1.16-1.46; Table 2) regardless 

of multimorbidity patterns. Women with cardiovascular-metabolic plus discordant physical 
patterns had higher odds of PIMs than men in the same multimorbidity category (OR=1.25, 

95% CI: 1.07-1.45; Figure 2). Likewise, women who had cardiovascular-metabolic plus 
mental health patterns had higher odds of PIMs than their male peers (OR=1.25, 95% CI: 

1.06-1.48). Participants who had a cardiovascular-metabolic only patterns did not exhibit sex 

differences (OR=1.13, 95% CI: 0.79-1.62).

The most commonly-prescribed PIM drug classes were anticholinergics, antidepressants, 

benzodiazepines, and skeletal muscle relaxants (Table 3). Women had greater odds of 

being prescribed the following PIMs: anticholinergics, antidepressants, antispasmodics, 

benzodiazepines, and skeletal muscle relaxants (Table 3). Women also had lower odds of 

being prescribed pain drugs and sulfonylureas. Differences in prescription of PIM drug 

classes by sex and multimorbidity categories are shown in Supplementary Table S3.

DISCUSSION

This study sought to characterize sex differences in the association between specific 

multimorbidity categories and PIM prescribing in a national sample of community-dwelling 

older adults in the United States. Overall, the prevalence of PIM prescribing in this 

study was similar to what has been previously reported in the literature.22, 28-30 We 

found women had higher odds of PIM prescribing. Previous studies reported a similar 

association16, 29, 31; however, a few studies have reported that men are at higher odds of 

being prescribed a PIM.32, 33 After taking health status into consideration and comparing 

risk of PIM prescribing across prevalent multimorbidity combinations, we observed 

that older women with cardiovascular-metabolic plus discordant physical patterns and 

cardiovascular-metabolic plus mental health patterns were at approximately 25% greater 

odds of receiving PIM compared to men with the same patterns, although the absolute 

differences in PIM prevalence were 6.4% and 3.4% respectively. Further, there were no 

sex differences in PIM prescribing among individuals with cardiovascular-metabolic only 
patterns.

There is no clear evidence how chronic diseases, whether concordant or discordant, affect 

treatment of patients with cardiovascular-metabolic conditions. While concordant diseases 

share parts of common pathophysiologic processes and treatment approaches with an index 

or set of diseases, discordant diseases do not have these pathophysiologic commonalities nor 

necessarily overlap in medication treatment regimens. Previous studies reported that patients 

with diabetes and concordant comorbidities were more adherent to treatment regimes,34, 35 

diabetes-discordant comorbidities negatively affected diabetes self-care behaviors e.g. 

dieting,34 and patients with discordant mental health comorbidity reported lower scores 

of various dimensions of coordinated care.36 Regardless, the presence of concordant or 
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discordant conditions may require management that increases the risk of polypharmacy 

and adverse drug events.37, 38 Still, there is little known about how underlying comorbid 

conditions affect the risk of PIM prescribing. In our sample, women and men had relatively 

similar numbers of chronic conditions in each pattern, but there were sex differences in 

the prevalence of multimorbidity patterns: cardiovascular-metabolic only patterns were more 

common among men, and cardiovascular-metabolic plus mental health patterns were more 

common among women. While a number of studies recognize biological sex differences 

in cardiovascular medication treatment, 3940 and women are often undertreated17, we did 

not observe significant differences in PIM prescribing in individuals with cardiovascular
metabolic only patterns. These patterns had lower prevalence of PIMs compared to the other 

multimorbidity groups for both sexes. Indeed, many of the most common medications used 

to treat psychiatric conditions and pain are PIMs, whereas medications most often used to 

treat cardiovascular-metabolic disorders are infrequently PIMs. It is likely that concordant 

conditions may require fewer providers to manage them, and for patients with a usual source 

of care, their providers may have more opportunities to evaluate prescribing regimens.

In more complex multimorbidity patterns with discordant physical or mental health 

conditions, there was a higher risk for PIMs in women compared to men. This may be 

explained by different health-seeking behavior and patterns of healthcare services use. A 

previous study reported that, on average, women use more healthcare services than men 

and may be at higher risk of fragmented care, especially in the presence of mental health 

disorders.41 Further, prior research reported that women are more likely to be treated 

for mental health conditions than men,11 which may partially explain our observations. 

However, medication evaluation and timely deprescribing of PIMs should be the standard of 

practice to decrease PIMs in both sexes.

To further evaluate sex differences in PIM prescribing we evaluated classes of PIMs. 

We found women had higher odds of being prescribing anticholinergics, antidepressants, 

antispasmodics, benzodiazepines, and skeletal muscle relaxants (absolute differences in 

PIMs prevalence varied between 1.0% and 3.6%), while pain drugs and sulfonylureas had 

only slightly higher prescribing rates in men (absolute differences in PIMs prevalence 

varied between 0.8% and 1.2%). Thus, risk of PIM was associated with the presence of 

mental health or discordant physical conditions, rather than cardiovascular conditions alone. 

Women are reported to use sleep-inducing drugs, antidepressants, and analgesics more 

frequently, possibly due to higher rates of mental health conditions.42 Previous studies 

reported sex differences in prescription patterns: men were less frequently prescribed 

antidepressants than women, possibly signaling less preference for pharmacotherapies in 

treating depression, 11 and women had higher risk for PIM, especially for benzodiazepines 

and other hypnotics, tertiary tricyclic antidepressants and for non-selective NSAIDs, muscle 

relaxants, first-generation antihistamines and nitrofurantoin.29 Social factors such as age, 

marital status, education and cultural differences also influence patient attitudes toward these 

medications. For example, difference in antidepressant use may be explained by patients’ 

own preferences and willingness to ask for, or agree to take them; and by provider’s 

perception of risk and benefits regarding their prescription.43 Future research is needed to 

further evaluate the impact of provider factors on sex differences in PIM prescribing.
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Policy/Practice implementation

Our results suggest that older adults have high level of exposure to PIM. There is a need 

for more interventions to change prescriber behavior to further reduce PIMs prescribing. 

Polypharmacy is the strongest predictor of PIM use, thus to improve quality and safety 

of medication use, prescribing strategies are needed to reduce certain types of PIM use, 

especially focusing on common PIM classes such as anticholinergic and psychotropic 

medications.28

Medications from the Beer’s Criteria list might be safely deprescribed to reduce risks of 

complications among elder population, especially in women.44, 45 There is a demonstrated 

need for provider education about deprescribing. Further, there is a need for greater 

awareness and understanding of the risks of PIM for older adults, and a need for better 

implementation and integration of deprescribing into primary care clinical workflow. 

Our study findings highlight the need for increased awareness of PIM prescribing in 

complex care cases, such as older adults with cardiovascular-metabolic multimorbidity 

combinations further complicated by the presence of discordant physical or mental health 

conditions. These findings emphasize the opportunity for improving coordination of care 

and communication between providers, including utilization of a single pharmacy to 

maintain accurate medication lists and enable safety checks on a regular basis; using EMR

enabled clinical decision support systems and responding to PIM alerts, referring patients for 

comprehensive medication reviews to identify PIMs that otherwise would not be recognized, 

and facilitating interdisciplinary teams with pharmacists.45

Our study further evaluated variation in PIM prescribing, overall and for individual drug 

classes across different multimorbidity groups. We also identified target populations for 

future care management programs focusing on prevalent PIM classes and patients with 

certain multimorbidity patterns.

Strengths and Limitations

This study used linked HRS and Medicare claims data from the study sample which 

can be extrapolated to national-representative population. These are robust, high-quality 

multiple year data, where self-reported information was complemented by claims records 

to minimize recall bias in reporting chronic conditions, medication use, and health services 

utilization. No studies to our knowledge have compared risk of PIM in concordant and 

discordant multimorbidity patterns in population with cardiovascular-metabolic conditions, 

which enabled better understanding of sex difference in PIM prescribing.

While use of HRS data have many advantages, this study has some limitations. We were not 

able to assess whether participants used supplemental health insurance with drug coverage 

or over-the-counter medication use (e.g. mineral oil), thus we may be underestimating PIM 

prevalence. However, the majority of over-the-counter PIMs were already excluded from the 

selection list. We were unable to assess if there was closer monitoring of health conditions 

during PIM prescribing, e.g. kidney function checks, to mitigate risks of adverse events. This 

may be important to contextualize why providers prescribed certain medications including 

PIMs, which may be justified in certain cases when clinical benefits outweigh the risk. We 
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have applied 2015 AGS Beers criteria to determine PIMs, thus we may have overestimated 

the prevalence of certain PIMs which were not included in the criteria list in earlier years.

In conclusion, this study evaluated sex difference in PIM prescribing among individuals 

with cardiovascular-metabolic conditions. Older women with cardiovascular-metabolic plus 

discordant physical conditions and cardiovascular-metabolic plus mental health conditions 

were at only slightly higher risk of receiving PIM. There were no sex differences in PIM 

prescribing among individuals with cardiovascular-metabolic only patterns. In addition, 

there was variation in the effect of sex in prescribing different PIM drug classes. Thus, this 

study identified important opportunities for future interventions to eliminate PIM prescribing 

among older adults.

Supplementary Material
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Key Points

• There were no sex differences in PIM prescribing in the cardiovascular

metabolic only patterns.

• Women with cardiovascular-metabolic and unrelated physical or mental 

health comorbidities had higher odds of PIM than men.

• Men had slightly higher odds of prescribing certain PIM drug classes than 

women.
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Why does this matter?

PIM prevalence remains high in women and men. There are sex differences in prescribed 

PIM in cardiovascular-metabolic plus discordant physical and mental health patterns. The 

study highlights the need to further improve medication prescribing, and identifies target 

groups for future interventions.
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Figure 1: Flow chart of study population selection.
As Medicare claims data were annualized, and follow-up spanned a 10-year period, 

inclusion of participant information was assessed for each year of Medicare enrollment. 

For a year to be included in our study, we required participants to have 12 consecutive 

months of Medicare Parts A, B and Part D coverage, any time between 2005- 2014. A 

number of our chronic conditions of interest, as defined by the CMS Chronic Conditions 

Data Warehouse, required at least three years of Medicare coverage in order to assign a 

diagnosis (e.g. dementia).25
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Figure 2: Potentially inappropirate medication (PIM): OR, female vs. male beneficiaries.
Logistic regression model with the interaction term between sex and multimorbidity patterns 

was conducted to estimate sex differences in PIM prescribing. Model was adjusted for: 

number of medications used ≥90 days, number of all-cause ED visits, number of all-cause 

hospitalizations, number of physician visits and count of chronic disease, age, years of 

education, race/ethnicity, marital status, region, body mass index, current smoking status, 

and current alcohol use. Statistically significant at p = 0.05
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Table 1.

Characteristics of Study Population by Sex.

Characteristic Overall
(n=6,341)

Women
(n=4,084)

Men
(n=2,257) p-value

Demographic

Age at first interview, mean (SD) 75.7 (8.1) 76.1 (8.4) 75.1 (7.5) <0.001

Age category at first interview, n (%) <0.001

 65-74 3317 (52.3) 2078 (50.9) 1239 (54.9)

 75-84 1929 (30.4) 1225 (30.0) 704 (31.2)

 85+ 1095 (17.3) 781 (19.1) 314 (13.9)

Age at last interview, mean (SD) 79.4 (8.2) 79.9 (8.5) 78.5 (7.5) <0.001

Age category at last interview, n (%) <0.001

 65-74 2083 (32.8) 1284 (31.4) 799 (35.4)

 75-84 2471 (38.9) 1538 (37.6) 933 (41.3)

 85+ 1787 (28.1) 1262 (31.0) 525 (23.3)

Education level, mean (SD) 11.7 (3.6) 11.5 (3.3) 11.9 (3.9) 0.001

Race/ethnicity group, n (%) <0.001

 NH White 4908 (77.4) 3106 (76.1) 1802 (79.8)

 NH Black 906 (14.3) 637 (15.6) 269 (11.9)

 Hispanic 527 (8.3) 341 (8.3) 186 (8.2)

Wealth (net worth), mean (SD)
1 $491,581.9 

($1,412,825.9)
$391,879.4 

($1,179,712.7)
$675,151.4 

($1,748,725.4)
<0.001

Married or partnered, n (%)
1 3010 (50.5) 1476 (38.3) 1534 (73.1) <0.001

Geographical regions, n (%)
1 0.812

 Northeast 848 (15.1) 557 (15.3) 291 (14.7)

 Midwest 1454 (25.9) 952 (26.1) 502 (25.4)

 South 2593 (46.1) 1669 (45.8) 924 (46.7)

 West 724 (12.9) 464 (12.7) 260 (13.2)

Health/clinical

BMI, n (%)
1 <0.001

 <25.0 1828 (34.3) 1291 (37.8) 537 (28.1)

 25.0–29.9 1922 (36.1) 1069 (31.3) 853 (44.6)

 ≥30.0 1576 (29.6) 1055 (30.9) 521 (27.3)

Current smoker, n (%)
1 512 (9.2) 302 (8.3) 210 (10.7) 0.003

Current alcohol use, n (%)
1 2146 (38.2) 1172 (32.2) 974 (49.3) <0.001

Multimorbidity clusters, n (%) <0.001

 CVM
2
 only

800 (12.6) 389 (9.5) 411 (18.2)

 CVM & no MHC & 1+ DD 2880 (45.4) 1791 (43.9) 1089 (48.2)

 CVM & 1+ MHC 2571 (40.5) 1838 (45) 733 (32.5)
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Characteristic Overall
(n=6,341)

Women
(n=4,084)

Men
(n=2,257) p-value

 No CVM 90 (1.4) 66 (1.6) 24 (1.1)

Health care utilization

 Number of all-cause ED visits, mean 
(SD)

0.8 (1.4) 0.8 (1.4) 0.8 (1.5) 0.921

 Number of all-cause hospitalizations, 
mean (SD)

0.5 (1) 0.5 (1) 0.5 (1.1) 0.054

 Number of physician visits, mean (SD) 11.6 (9.2) 11.5 (9) 11.7 (9.7) 0.427

Other

Count of full years of enrollment, mean 
(SD)

4.5 (2.9) 4.7 (2.9) 4.3 (2.8) <0.001

Ever proxy interview, n (%)
1 1010 (18.7) 656 (18.7) 354 (18.6) 0.916

Deceased, n (%) 2949 (46.5) 1869 (45.8) 1080 (47.9) 0.111

Medication use

Total number of medications used (for ≥90 
days during year), mean (SD)

5.8 (4.5) 5.9 (4.6) 5.5 (4.4) 0.004

Polypharmacy (≥5 simultaneously used 

medications), n (%)
3

2619 (41.3) 1737 (42.5) 882 (39.1) 0.007

Number of PIMs, mean (SD)
4 0.9 (1.7) 0.9 (1.8) 0.7 (1.5) <0.001

Individuals with ≥1 PIM, n (%) 2351 (37.1) 1611 (39.4) 740 (32.8) <0.001

Prevalence of ≥1 PIM by multimorbidity 
cluster, n (%)

   <0.001

 CVM
2
 only

208 (26) 104 (26.7) 104 (25.3)  

 CVM & no MHC & 1+ DD 912 (31.7) 610 (34.1) 302 (27.7)  

 CVM & 1+ MHC 1199 (46.6) 875 (47.6) 324 (44.2)  

 No CVM 32 (35.6) 22 (33.3) 10 (41.7)  

Note: Calculations were based on baseline year for each individual.

1
Missing values due to non-participation in HRS at baseline wave. Missing net worth, n=444 female, n=280 male; coupled, n=226 female, n=159 

male; region, n=442 female, n=280 male; BMI, n=669 female, n=346 male; smoking status, n=465 female, n=299 males; alcohol use, n=444 
female, n=281 male.

2
CVM only – concordant cardiovascular-metabolic only pattern; CVM & no MHC & 1+ DD – cardiovascular-metabolic plus discordant physical 

conditions pattern; CVM & 1+ MHC- DD – cardiovascular-metabolic plus mental health conditions pattern; No CVM – no cardiovascular
metabolic patterns.

3
Only medications used for ≥90 days were considered in the definition of Polypharmacy

4
No minimum days used for PIM determination

Abbreviations: BMI (body mass index) was calculated according to the established formula (BMI = weight [pounds] x 703 / height^2 [inches]) 
using participants’ first self-reported height (HRS does not record height at each interview) and self-reported weight at each interview.

PIM-potentially inappropriate medication.
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Table 2.

Unadjusted and Adjusted Odds Ratios for Prescribing at Least One Potentially Inappropriate Medication.

Variable

Model: Sex Model: Multimorbidity cluster by
Sex Interaction

Unadjusted
OR

(95% CI)

Medicare-
Adjusted
OR (95%

CI)

Fully-
Adjusted
OR (95%

CI)
1

Unadjusted
OR

(95% CI)

Medicare-
Adjusted
OR (95%

CI)

Fully-
Adjusted
OR (95%

CI)
1

Sex 

 Men ref ref ref - - -

 Women 1.38 (1.26, 
1.52)

1.38 (1.26, 
1.52)

1.30 (1.16, 1.46) - - -

Multimorbidity clusters 2 by 
Sex interaction 

CVM only

 Men (n=1,357) - - - ref ref ref

 Women (n=1,114) - - - 1.09 (0.80, 
1.48)

1.11 (0.82, 
1.51)

1.13 (0.79, 1.62)

CVM & no MHC & 1+ DD

 Men (n=4,752) - - - ref ref ref

 Women (N=8,127) - - - 1.29 (1.13, 
1.47)

1.33 (1.17, 
1.52)

1.25 (1.07, 1.45)

CVM & 1+ MHC

 Men (n=3,579) - - - ref ref ref

 Women (n=9,605) - - - 1.25 (1.10, 
1.42)

1.31 (1.14, 
1.49)

1.25 (1.06, 1.48)

No CVM

 Men (n=45) - - - ref ref ref

 Women (n=212) - - - 0.58 (0.22, 
1.56)

0.63 (0.22, 
1.75)

0.73 (0.24, 2.26)

Control variables 

Medication use 

Total number of medications 
used (for ≥90 days during 
year)

1.07 (1.06, 
1.08)

1.07 (1.06, 1.08) 1.07 (1.06, 
1.08)

1.06 (1.05, 1.07)

Health care utilization 

Number of all-cause ED 
visits

 0 ref ref ref ref

 1 1.24 (1.15, 
1.34)

1.24 (1.14, 1.36) 1.20 (1.11, 
1.30)

1.21 (1.11, 1.32)

 ≥2 1.58 (1.43, 
1.75)

1.58 (1.40, 1.78) 1.47 (1.32, 
1.63)

1.47 (1.31, 1.66)

Number of all-cause 
hospitalizations

 0 ref ref ref ref
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Variable

Model: Sex Model: Multimorbidity cluster by
Sex Interaction

Unadjusted
OR

(95% CI)

Medicare-
Adjusted
OR (95%

CI)

Fully-
Adjusted
OR (95%

CI)
1

Unadjusted
OR

(95% CI)

Medicare-
Adjusted
OR (95%

CI)

Fully-
Adjusted
OR (95%

CI)
1

 1 1.06 (0.98, 
1.15)

1.08 (0.98, 1.18) 1.04 (0.96, 
1.12)

1.06 (0.97, 1.17)

 ≥2 0.96 (0.85, 
1.09)

0.98 (0.85, 1.14) 0.93 (0.82, 
1.06)

0.96 (0.83, 1.12)

Number of physician visits 1.03 (1.02, 
1.03)

1.03 (1.02, 1.04) 1.02 (1.02, 
1.03)

1.03 (1.02, 1.03)

Demographic/SES 

Age, years

 65-74 ref ref

 75-84 0.77 (0.70, 0.85) 0.74 (0.67, 0.82)

 85+ 0.58 (0.51, 0.67) 0.55 (0.47, 0.63)

Education, years 0.96 (0.95, 0.98) 0.97 (0.95, 0.98)

Race/Ethnicity group

 NH white ref ref

 NH black 0.88 (0.74, 1.04) 0.89 (0.75, 1.05)

 Hispanic 1.05 (0.86, 1.28) 1.02 (0.84, 1.25)

Marital status, Coupled 0.86 (0.77, 0.96) 0.89 (0.80, 1.00)

Geographical regions

 Northeast ref ref

 Midwest 1.07 (0.91, 1.27) 1.08 (0.92, 1.28)

 South 1.37 (1.18, 1.58) 1.37 (1.19, 1.59)

 West 1.32 (1.09, 1.59) 1.30 (1.08, 1.57)

Health/clinical 
characteristics 

BMI

 <25.0 ref ref

 25.0–29.9 0.93 (0.83, 1.05) 0.95 (0.85, 1.06)

 ≥30.0 0.90 (0.80, 1.03) 0.93 (0.82, 1.05)

Current smoker 0.96 (0.81, 1.13) 0.92 (0.78, 1.09)

Alcohol use 0.93 (0.85, 1.03) 0.96 (0.87, 1.06)

Note: Multicollinearity was assessed, and to reduce variance inflation, we Bayesian Information Criterion (BIC) was used to discern the best fitting 
model; this led to the removal of polypharmacy and net worth from adjusted models. Model errors were corrected for potential repeated measures 
of a beneficiary using cluster robust standard errors.

1
Number of observations was reduced to 21,130; female n=13,915; male n=7,215

2
CVM only – concordant cardiovascular-metabolic only pattern; CVM & no MHC & 1+ DD – cardiovascular-metabolic plus discordant physical 

conditions pattern; CVM & 1+ MHC- DD – cardiovascular-metabolic plus mental health conditions pattern; No CVM – no cardiovascular
metabolic patterns.

Postestimation predicted values from logistic regressions are reported for interaction term.
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Values in bold are statistically significant at p = 0.05.
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Table 3.

Prevalence of Potentially Inappropriate Drug Classes, Unadjusted and Adjusted Sex Differences in Odds of 

prescribing at Least One Potentially Inappropriate Drug Class.

PIM category Prevalence of PIM
1
, % Unadjusted

OR
(women vs
men (ref.)

Fully-
Adjusted OR

women vs

men (ref.)
2Overall Women Men

Women
vs men,

%
p-value

Any PIM 37.1 39.4 32.8 +6.6 <0.001 1.38 (1.26, 1.52) 1.30 (1.16, 1.46)

PIM category

Anticholinergics 10.2 11.5 7.9 +3.6 <0.001 1.55 (1.36, 1.78) 1.51 (1.28, 1.78)

Antidepressants 6.3 7.6 4.0 +3.6 <0.001 2.35 (1.86, 2.97) 2.17 (1.64, 2.87)

Antispasmodics 4.0 4.7 2.6 +2.1 <0.001 1.60 (1.26, 2.02) 1.53 (1.12, 2.08)

Antithrombotics 1.2 1.2 1.2 0 0.872 0.97 (0.62, 1.52) 0.71 (0.41, 1.22)

Benzodiazepines 10.6 10.9 9.9 +1.0 0.217 1.24 (1.08, 1.43) 1.33 (1.12, 1.59)

Cardiovascular 2.7 2.9 2.4 +0.5 0.226 1.35 (0.95, 1.90) 1.16 (0.79, 1.69)

Megestrol 1.8 1.7 1.9 −0.2 0.499 1.02 (0.80, 1.31) 0.88 (0.61, 1.26)

Pain drugs 2.8 2.5 3.3 −0.8 0.049 0.63 (0.52, 0.77) 0.64 (0.50, 0.82)

Skeletal muscle relaxants 6.4 7.4 4.7 +2.7 <0.001 1.58 (1.34, 1.85) 1.57 (1.29, 1.90)

Sulfonylureas 3.5 3.1 4.3 −1.2 0.021 0.69 (0.52, 0.92) 0.54 (0.38, 0.76)

Note: Drug types with >1% prevalence of use were considered for these analyses.

1
PIM-potentially inappropriate medication.

2
The logistic regression models were conducted for each PIM class separately. Models were adjusted for: number of medications used >=90 days, 

number of all-cause ED visits, number of all-cause hospitalizations, number of physician visits and count of chronic disease, age group, years of 
education, race/ethnicity, marital status, region, BMI, current smoking status, and current alcohol use. Statistically significant at p = 0.05. Values in 
bold are statistically significant at p = 0.05.
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