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Introduction: Polypharmacy might contribute to a range of adverse outcomes, which could get worse in the elderly with chronic kidney disease (CKD). Evidence on polypharmacy, CKD, and mortality is scarce. We aimed to investigate the prospective association between polypharmacy, CKD and all-cause and cause-specific mortality in adults aged ≥65 years.

Methods: A total of 13,513 adults from the National Health and Nutrition Examination Surveys were included, following up from 1999 to 2018 until December 31, 2019. The simultaneous use of ≥5 medications by one individual was defined as polypharmacy. Survey-weighted Cox proportional hazard models were used to estimate the hazard ratio (HRs) for mortality from all-cause, cardiovascular diseases (CVD), and cancer after adjusting for potential confounding factors.

Results: Among the elderly with CKD, we identified 3,825 total deaths (1,325 CVD and 714 cancer) during a median follow-up of 7.7 years. Participants with polypharmacy had a 27% (HR = 1.27 [1.15, 1.39]) and 39% (HR = 1.39 [1.19, 1.62]) higher risk of all-cause and CVD mortality, respectively, but not for cancer mortality. Compared with the elderly with no polypharmacy and no CKD, the corresponding HRs (95%CIs) for all-cause mortality were 1.04 (0.96, 1.14) for those with no polypharmacy but CKD, 1.24 (1.11, 1.39) for with polypharmacy but no CKD, and 1.34 (1.21, 1.49) for those with both polypharmacy and CKD. A similar pattern was detected for CVD mortality.

Discussion: Polypharmacy was associated with elevated risks of all-cause and CVD mortality among the elderly CKD patients. More evidence-based approaches should be promoted for the appropriate deprescribing in the older adults with CKD.
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1. Introduction

Polypharmacy has emerged as an important public health issue in the population, especially among the elderly. There is no consensus as to the number of medications that amounts to polypharmacy, generally, it refers to the simultaneous use of five or more medications by one individual (1). The majority of old people suffered from multimorbidity, contributing to the high utilization of multiple medications or therapy. It was estimated that the prevalence of polypharmacy ranged from 27.0 to 96.5% in the older population in different healthcare settings (2, 3). Polypharmacy might contribute to a range of unfavorable effects and adverse outcomes in older adults, such as adverse drug events, hospitalizations, falls, impaired function, and cognition decline (4, 5). Mortality is one of the common and important measures used for epidemiological surveillance and indicates the progression and severity of a given health event (6). CVD and cancer are among the leading causes of mortality in the U.S. and are responsible for nearly half of all deaths (7). A meta-analysis showed a dose–response relationship between polypharmacy and mortality (8), and another recent meta-analysis revealed that polypharmacy was associated with a 28.0% higher risk of mortality in the elderly (≥65 years) (9). Furthermore, it was indicated by an English aging cohort that polypharmacy had a 2.45 times higher risk of mortality from cardiovascular disease (CVD) in people aged over 50, but cancer mortality was only related to heightened polypharmacy (taking over 10 medications) (10).

Chronic kidney disease (CKD) is a condition characterized by decline in kidney function. The prevalence of CVD and metabolic disease is notably higher among people with CKD, making them vulnerable to multimorbidity and polypharmacy (11–14). Previous research showed the prevalence of polypharmacy ranged from 62.0 to 86.0% in CKD patients (11, 15). Furthermore, the pharmacokinetics and pharmacodynamics might be altered due to kidney dysfunction in the elderly (16, 17), therefore the drug–drug interactions and drug adverse events might be amplificated in the aging CKD population (16, 18, 19). Currently, evidence on polypharmacy and health outcomes in older adults with CKD is scarce. Several cohort studies indicated polypharmacy was associated with an increased risk of kidney failure, fragility fracture, CVD events, and all-cause mortality in patients with CKD (20–22), even regardless of CKD status (20, 22, 23).

In this study, we aimed to investigate the association between polypharmacy, CKD and all-cause mortality, as well as CVD and cancer mortality in adults aged 65 years and old.



2. Methods


2.1. Study population

Data were extracted from the National Health and Nutrition Examination Surveys (NHANES), a nationally representative survey designed to evaluate the health and nutritional status of community-dwelling U.S. adults. NHANES repeats the cycle of surveys every 2 years with a methodology of multistage probability sampling design. The surveys combined self-administrated interviews with physical examinations and laboratory tests. Data were available at.1 NHANES has got approval from the Institutional Review Board of the National Center for Health Statistics. All participants have signed informed consent forms.

In this present study, a total of 101,316 individuals from ten cycles (1999–2000, 2001–2002, 2003–2004, 2005–2006, 2007–2008, 2009–2010, 2011–2012, 2013–2014, 2015–2016, and 2017–2018) was included. Mortality follow-up data were recorded until the date of 31 December 2019. We excluded those younger than 65 years, those with incomplete information on polypharmacy, and with a follow-up period of less than 1 year. Finally, 13,513 individuals were included in the analysis (Figure 1).
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FIGURE 1
 Flow chart of the participants selection.




2.2. Assessment of polypharmacy

During the in-home interview, participants would be asked, “Have you taken any prescription medications in the past month?” and those who answered “yes” would be further asked to show the containers of all medications they were using. At the same time, the interviewer would record the number and name of the participant’s prescription medications. Simultaneous use of five or more medications was defined as “polypharmacy.”



2.3. Assessment of chronic kidney disease

We calculated the glomerular filtration rate (GFR) estimated according to the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI) equation (24): (1) for women, if serum creatinine ≤0.7 mg/dl, GFR = 144 × (serum creatinine (mg/dl)/0.7)−0.329 × (0.993)age; if serum creatinine >0.7 mg/dl, GFR = 144 × (serum creatinine (mg/dl)/0.7)−1.209 × (0.993)age. (2) For men, if serum creatinine ≤0.9 mg/dl, GFR = 141 × (serum creatinine (mg/dl)/0.7)−0.441 × (0.993)age; if serum creatinine >0.9 mg/dl, GFR = 144 × (serum creatinine (mg/dl)/0.7)−0.441 × (0.993)age. The serum creatinine measurements could be obtained from the ten cycles and recommended calibrations in NHANES had been adopted. We defined reduced estimated GFR (eGFR) as <60 ml/min/1.73 m2 and severely reduced eGFR as <30 ml/min/1.73 m2. CKD was defined as reduced eGFR. Albuminuria, defined as a urine albumin-to-creatinine ratio ≥ 30 mg/g, was further added for CKD outcomes (25).



2.4. Covariates

The demographics and socioeconomics included sex, age, race (Mexican American, other Hispanic, Non-Hispanic White, Non-Hispanic Black), and other race - including Multi-Racial, education (high school or below, and college or above), and family income-to-poverty ratio (≤1.0, and > 1.0). Body mass index (BMI) was calculated as weight/(height*height) (kg/m2) (underweight: BMI < 18.5; normal weight: 18.5 ≤ BMI < 25; overweight: 25 ≤ BMI < 30; obesity: BMI ≥ 30). Drinking status was based on the question “Had at least 12 alcohol drinks/1 year?,” with the answer of “yes” or “no.” The medical history included diabetes, hypertension, high cholesterol, heart disease (congestive heart failure, coronary heart disease, angina/angina pectoris, or heart attack), respiratory disease (asthma, emphysema, or chronic bronchitis), and cancer.



2.5. Ascertainment of death

The deidentified and anonymized participant data in NHANES were linked to longitudinal Medicare and mortality data from National Death Index (NDI) until the date of 31 December 2019. The cause of death was based on the International Classification of Diseases, 10th edition (ICD-10). Mortality follow-up data were recorded for participants from the start of the study until to date of death or 31 December 2019, whichever came first. The all-cause mortality and mortality from cardiovascular diseases (I00-I09, I11, I13, I20-I51), and cancer (C00-C97) were evaluated.



2.6. Statistical analysis

The characteristics of the included participants at baseline were presented according to polypharmacy. Continuous variables were shown as mean ± standard deviation. Categorical variables were expressed as numbers (%). Survey-weighted regression models were used to calculate the rate of polypharmacy among participants with CKD. Survey-weighted multivariable Cox proportional hazard models were used to calculate the hazard ratios (HRs) with 95% confidence intervals (CIs) of mortality by polypharmacy among all the participants as well as participants with CKD. The proportional hazards assumption tests were conducted by comparing models with and without a multiplicative interaction term between polypharmacy and follow-up duration. We detected no evidence of assumption violations in every model (p > 0.05 for all tests). Model 1 was adjusted for sex and age. Model 2 was further adjusted for race, education, income, BMI, drinking status, diabetes, hypertension, high cholesterol, heart disease, respiratory disease, and cancer. Missing values were treated as separate categories. Furthermore, the joint effect of polypharmacy and CKD on mortality among the older adults were analyzed. We also did sensitivity analyses by dividing polypharmacy as minor polypharmacy (5–9 medications) and major polypharmacy (≥10 medications), to detect the association between polypharmacy and mortality. SAS version 9.4 TS Level 1 M6 software (SAS Institute Inc., Cary, NC, United Sates) was used for all statistical analyses.




3. Results

Table 1 shows the characteristics of the included participants aged 65 or older at baseline according to polypharmacy. Older adults with polypharmacy were more likely to be slightly older, to be women, to be non-Hispanic White, and to have obesity, hypertension, diabetes, high cholesterol, heart disease, respiratory disease, and cancer., and a lower level of eGFR. A similar pattern was observed among older adults with CKD.



TABLE 1 Characteristics of adults aged 65 or older at baseline according to polypharmacy.
[image: Table1]

Among all the elderly participants, we identified 6,049 total deaths, including 2067 CVD deaths and 1,134 cancer deaths during a median follow-up of 7.9 years. As shown in Table 2, after adjusting for age and sex (model 1), compared with the no polypharmacy group, the elderly with polypharmacy had a 46% (HR, 95%CI = 1.46 [1.36, 1.56]) and 77% (HR, 95%CI = 1.77 [1.58, 1.99]) increase in the risk of all-cause mortality and CVD mortality (i.e., 1.46 times and 1.77 times more likely to experience all-cause death and CVD death), respectively. After further adjustment for race, education, income, BMI, drinking status, diabetes, hypertension, high cholesterol, heart disease, respiratory disease, and cancer (model 2), it showed a 27% (HR = 1.27 [1.17, 1.37]) and 39% (HR = 1.39 [1.22, 1.58]) higher risk of mortality from all-cause and CVD, respectively, among the elderly with polypharmacy, in comparison to those with no polypharmacy. However, the association was non-significant for cancer mortality in the two models (HR = 1.14 [0.97, 1.33] and HR = 1.07 [0.91, 1.27], respectively). Sensitivity analyses showed similar results of minor polypharmacy and major polypharmacy for mortality from all-cause, CVD, and cancer (Supplementary Table S1).



TABLE 2 Hazard ratios and 95% confidence intervals (HRs, 95% CIs) for mortality from cardiovascular disease, cancer, and all-cause according to polypharmacy among older adults.
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In Table 3, among the elderly with reduced eGFR, we identified 3,825 total deaths, including 1,325 CVD deaths and 714 cancer deaths during a median follow-up of 7.7 years. In model 1, compared with the no polypharmacy group, participants with polypharmacy had 44% (HR = 1.44 [1.32, 1.57]), 77% (HR = 1.77 [1.53, 2.03]), and 21% (HR = 1.21 [1.01, 1.45]) higher risk of mortality from all-cause, CVD, and cancer, respectively. In model 2, the associations were still significant for all-cause and CVD mortality, the elderly with polypharmacy had a 27% (HR = 1.27 [1.15, 1.39]) and 39% (HR = 1.39 [1.19, 1.62]) higher risk of all-cause and CVD mortality, respectively. However, the association was not significant for cancer mortality (HR = 1.18 [0.98, 1.43]). Sensitivity analyses showed similar patterns for mortality from cardiovascular disease, cancer, and all-cause according to polypharmacy (Supplementary Table S2). Among the elderly with severely reduced eGFR (eGFR <30 ml/min/1.73m2), similar patterns of associations of polypharmacy with mortality from all-cause, CVD, and cancer were observed. After further adjustment for covariates, in comparison to those with no polypharmacy, the elderly with polypharmacy had a 24% (HR = 1.24 [1.07, 1.43]) and 54% (HR = 1.54 [1.21, 1.95]) higher risk of all-cause and CVD mortality, respectively, but not for cancer mortality (HR = 0.91 [0.68, 1.23]). Among the elderly with albuminuria, the association between polypharmacy and mortality showed similar results (Table 3). In the multivariable models, compared with no polypharmacy group, the elderly with polypharmacy had a 31% (HR = 1.31 [1.14, 1.50]) and 49% (HR = 1.49 [1.18, 1.90]) higher risk of all-cause and CVD mortality, respectively.



TABLE 3 Hazard ratios and 95% confidence intervals (HRs, 95% CIs) for mortality from cardiovascular disease, cancer, and all-cause according to polypharmacy and kidney function among participants with chronic kidney disease.
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We then conducted the joint-association analyses of polypharmacy and CKD on mortality from all-cause, CVD, and cancer in the elderly (Figure 2). For all-cause mortality, compared with the elderly with no polypharmacy and no CKD, the corresponding HRs (95%CIs) were 1.04 (0.96, 1.14) for those with no polypharmacy but CKD, 1.24 (1.11, 1.39) for with polypharmacy but no CKD, and 1.34 (1.21, 1.49) for those with both polypharmacy and CKD (Figure 2A). For CVD mortality, a similar pattern was detected where the corresponding HRs (95%CIs) were 1.03 (0.90, 1.19), 1.34 (1.11, 1.61), and 1.47 (1.23, 1.76), respectively (Figure 2B). However, we did not observe any significant association with cancer mortality (Figure 2C).
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FIGURE 2
 Joint effect of polypharmacy and chronic kidney disease on mortality for (A) all-cause; (B) cardiovascular disease; (C) cancer. Hazard ratios and 95% confidence intervals (HRs, 95% CIs) were adjusted for age, sex. Race, education, income, body mass index, drinking status, diabetes, hypertension, high cholesterol, heart disease, respiratory disease, and cancer.




4. Discussion

In this prospective study, among the elderly with CKD, in comparison to those with no polypharmacy, individuals with polypharmacy had 1.27 times and 1.39 times the risk of all-cause and CVD mortality, respectively, but not for cancer mortality. The older adults with polypharmacy and CKD had the highest risk of mortality. A previous cohort comprised of U.S. adults aged ≥45 years with a 5-year follow-up showed that only major polypharmacy (≥ 8 medications) was associated with increased mortality (HR = 1.24 [1.06, 1.45]), but not for minor polypharmacy (6–7 medications) (HR = 1.15 [0.98, 1.36]) in those with CKD, and there was no evidence that this association was modified by CKD status (22). Another Japanese cohort consisting of 1,117 participants reported that both polypharmacy (5–9 medications) and hyperpolypharmacy (≥10 medications) were associated with kidney failure (HR = 2.28 [1.00, 5.21] and HR = 2.83 [1.21, 6.66], respectively), but only hyperpolypharmacy was related to all-cause mortality (HR = 2.80 [1.41–5.54]) (21). However, our sensitivity analysis suggested even minor polypharmacy significantly increased mortality in the elderly CKD patients. A review concluded that medication deprescribing interventions could offer small reductions in mortality (OR = 0.74 [0.58, 0.95]), though no significant effect on hospitalizations, falls, or health-related quality of life among community-dwelling people aged ≥65 years (26).

To our knowledge, we firstly reported the adverse impacts of polypharmacy on cardiovascular mortality in the older adults with CKD. People with CKD could release a high level of cytokines, hormones, and enzymes, as well as alter hemodynamics due to kidney insufficiency or injury (27–29). An international prescribing pattern survey showed approximately 39% of the participants most frequently prescribed cardiovascular medications and 91% were experiencing polypharmacy (13). It is controversial that polypharmacy was shown to be efficacious or safe (30–32). Polypharmacy might exert an additive effect on the cardiac damage caused by CKD, thus leading to the deterioration of CVD outcomes (31, 33, 34).

The highest mortality was observed in the elderly with both polypharmacy and CKD. The amount of medication taken may reflect the number of medical conditions they have and severity of the diseases. CKD patients who had comorbidities (e.g., diabetes, atrial fibrillation, hypertension) had increased mortality rates (35). Furthermore, it has been reported that polypharmacy is associated with a broad range of adverse outcomes, including bleeding, hospitalizations, falls, fractures, frailty, and poor health-related quality of life (4, 36). Also, polypharmacy might be associated with kidney impairment (37, 38). For example, a Switzerland study reported every additional prescribed drug was related to a decrease in eGFR by 0.39 ml/min per 1.73 m2 over 24 months (38). Kidney dysfunction could further exacerbate multimorbidity, hence higher levels of comorbidities and chronic inflammation could result in worse clinical consequences (34, 39–41). Interestingly, a study found while people with CKD had higher absolute risk of death, there was no difference in the relative risk associated with polypharmacy by CKD status. Polypharmacy-related adverse events could be mitigated if drug management was undertaken by a nephrologist in patients with much advanced CKD (23). Overall, our study indicated the importance of recommendations or guidelines for lowering medication burden to achieve appropriate and safe medication management in the elderly with CKD. So far, several trials have been attempted to improve the health outcomes intended for older patients receiving polypharmacy. For example, intervention on clinical geriatric assessment combined with a thorough medications review, as well as a meeting between the geriatrician and the family physician could contribute to positive impacts on health-related quality of life in home-dwelling older patients receiving polypharmacy (42, 43).

The present study was strengthened by using nationally representative population and a prospective cohort design. Several limitations should be addressed. First, we assessed the CKD by using serum creatinine according to a single measurement, which could lead to the misclassification of CKD. However, the misclassification was inclined to be non-differential. Second, we quantified the prescription by using the term of polypharmacy to indicate the overall medication burden by one individual, but did not further analyze the specific type of medication. Third, the outcomes included all-cause mortality and mortality from CVD and cancer, while other causes, such as sepsis, cerebrovascular diseases, influenza and pneumonia were not considered. Although CVD and cancer are among the leading causes of mortality in the U.S. and are responsible for approximately half of all deaths (7). Furthermore, the covariates for diseases, such as diabetes and hypertension were self-reported, though previous studies have supported the high validity of clinical records in NHANES (44–46). Lastly, it is possible that residual confounding existed due to some unmeasured variables (e.g., dietary factors).



5. Conclusions and implications

Polypharmacy might contribute to a range of adverse outcomes, which could get worse in the elderly with CKD. Since evidence on polypharmacy, CKD, and mortality was scarce, our study highlighted that polypharmacy was associated with higher risks of all-cause and CVD mortality among the older adults with CKD. The older adults with both polypharmacy and CKD had the highest risk of mortality. Our study also indicated the importance of recommendations or guidelines for lowering medication burden to achieve appropriate and safe medication management in the elderly with CKD. More evidence-based approaches, such as clinical geriatric assessment and collaborative medication reviews by physicians should be promoted for the appropriate deprescribing in the older adults with CKD.
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