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Abstract

Background: Polypharmacy is associated with poor prognosis of 
patients with various diseases. However, it has not been precisely ad-
dressed how polypharmacy affects the clinical characteristics of the 
cardiovascular outpatients. The aim of this study is to search for the 
clinical characteristics related to the number of prescribed drugs in 
the cardiovascular outpatients. Also, we examine whether the number 
of the prescribed drugs affects the worsening of renal function.

Methods: This retrospective study was conducted using the data of 
259 continuous cardiovascular outpatients who were examined com-
plete blood count (CBC) and serum creatinine.

Results: In the univariate analysis, the number of prescribed drugs 
were associated with the number of cardiovascular diseases or their 
risk factors, age, white blood cells, platelet, body mass index, anemia, 
and chronic kidney disease stage 3b or higher. In the multivariable 
analysis, independent variables that significantly correlated with the 
number of prescribed drugs were the number of cardiovascular dis-
eases or their risk factors, anemia, and chronic kidney disease stage 
3b or higher. Among 259 patients, 208 patients received follow-up 
examination of serum creatinine. The number of prescribed drugs was 
the only factor that was associated with accelerated deterioration of 
renal function.

Conclusions: Polypharmacy is associated not only with poor renal 
function but with accelerated deterioration of renal function. Polyp-
harmacy may be causally related with renal dysfunction.

Keywords: Polypharmacy; Renal function; Anemia; Chronic kidney 
disease

Introduction

The older population is increasing rapidly in developed coun-
tries because of declining fertility and increasing life expectan-
cy [1]. Generally, the older population is tended to suffer from 
multiple chronic diseases such as heart failure, angina pectoris, 
peripheral artery disease, hypertension, arthritis, dyslipidemia, 
stroke and diabetes, which require multiple medications for 
proper treatment [2-4]. It has been reported that about 80% 
of older population aged 65 or older have at least one chronic 
disease, and about 50% have at least two [5].

Multiple medication use, widely referred to as polypharma-
cy, is clinical issue in older population [6]. There is no standard 
cut point with regard to multiple medications, but polypharmacy 
is usually referred to five or more medications in Japan accord-
ing to Guidelines for Medical Treatment and its Safety in the 
Elderly 2015 [7]. Polypharmacy is associated with poor adher-
ence, drug-drug interactions, medication errors, increased health 
care costs, reduced functional ability, and increased risk of geri-
atric syndromes, such as cognitive impairment, falls, malnutri-
tion, urinary incontinence [6, 8-13]. Thus, polypharmacy is ac-
counting for a significant percentage of potentially preventable 
emergency room visits and hospitalization [14]. However, it is 
still unknown whether polypharmacy causes poor prognosis. 
Polypharmacy may be just a marker of multiple comorbidities, 
and multiple comorbidities are the real causes of poor prognosis.

Cardiovascular diseases are common in the older popu-
lation. The patients with cardiovascular diseases often have 
various complications and comorbidities and tend to receive 
multiple medications. Moreover, many evidence-based clini-
cal practice guidelines are created and available nowadays for 
cardiovascular diseases because many large-scale clinical tri-
als have been conducted in this field. The guideline is basi-
cally made for each one disease. If all of the available clini-
cal practice guidelines for each disease were to be applied, 
the patients with multiple comorbidities could easily fall into 
polypharmacy. Thus, proper management of polypharmacy is 
an important clinical issue in patients with cardiovascular dis-
eases. However, there are few reports about the clinical factors 
or laboratory findings associated with multiple medications in 
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patients with cardiovascular diseases. The aim of this study is 
to search for the clinical characteristics related to the number 
of prescribed drugs in the cardiovascular outpatients. Also, we 
examine whether the number of the prescribed drugs affects 
the worsening of renal function.

Materials and Methods

Population and data collection

This retrospective study was conducted using the data of continu-
ous outpatients visiting the Cardiovascular Division, Department 
of Internal Medicine, Hyogo College of Medicine Hospital from 
February 2011 to October 2012 for the treatment of cardiovas-
cular disease (ischemic heart disease, heart failure, peripheral 
artery disease, cerebrovascular disease, cardiomyopathy, and ar-
rhythmia) or risk factors of cardiovascular disease (hypertension, 
dyslipidemia, diabetes mellitus, and hyperuricemia), and who 
were examined complete blood count (CBC) and serum cre-
atinine. Patients with malignant tumor, inflammatory diseases, 
hemorrhagic disease, hemodialysis, blood diseases, collagen dis-
ease or the patients who use steroid, erythropoietin, iron prepara-
tion were excluded from the investigation. We collected patient 
data such as demographics, comorbidity, and medication in their 
clinical records. Estimated glomerular filtration rate (eGFR) was 
calculated with Japanese equation: eGFR (mL/min/1.73 m2) = 
194 × serum creatinine-1.094 × age-0.287 (× 0.739 if female). The 
changing rate of eGFR was evaluated in patients who received 
another eGFR examination more than 1 year later after the basal 
eGFR examination. The changing rate of eGFR was calculated 
by dividing the difference of eGFR between two examinations by 
the number of years between the two examinations. The comor-
bidities that we counted as the number of cardiovascular diseases 
or their risk factors were hypertension, diabetes mellitus, dys-
lipidemia, heart failure, ischemic heart disease, stroke, peripheral 
artery disease, and atrial fibrillation. Hypertension was defined as 
systolic blood pressure (SBP) ≥ 140 mm Hg, diastolic blood pres-
sure (DBP) ≥ 90 mm Hg, or use of anti-hypertensive medication. 
Diabetes mellitus was defined as fasting plasma glucose ≥ 126 
mg/dL, hemoglobin A1c (HbA1c) ≥ 6.5%, or use of anti-diabetic 
medication. Dyslipidemia was defined as low-density lipoprotein 
cholesterol ≥ 140 mg/dL, high-density lipoprotein cholesterol < 
40 mg/dL, triglyceride ≥ 150 mg/dL, or use of anti-dyslipidemia 
medication. Anemia was defined according to WHO criteria (for 
men: less than 13 g/dL of hemoglobin, for women: less than 12 
g/dL of hemoglobin). Chronic kidney disease (CKD) stage was 
defined according to KDIGO 2012 clinical practice guideline for 
the evaluation and management of CKD [15].

Statistical analysis

All statistical analyses were performed with EZR on R Com-
mander Version 1.35 (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan) [16], which is a graphical user inter-
face for R (The R Foundation for Statistical Computing, Vienna, 
Austria). The data are presented as mean ± standard deviation 

(SD) for normally distributed variables, median (interquartile 
rang) for not normally distributed variables, or the number (per-
centage) for categorical variables. Differences in categorical 
variables between groups were assessed using Fisher’s exact 
test. Differences in continuous variables between groups were 
assessed using unpaired Student’s t- test or one-way analysis of 
variance (ANOVA) followed by Tukey’s post hoc test for nor-
mally distributed variables, or Kruskal-Wallis’s test followed by 
Steel-Dwass’s post hoc test for not normally distributed variables. 
Regarding continuous variables, the correlation between each 
variable was examined using Spearman’s rank correlation coef-
ficient. The factors which were independently associated with the 
number of drugs were analyzed using linear regression analysis. 
Factors with P < 0.10 in Spearman’s rank correlation coefficient 
were selected as independent factors in multivariate analysis.

Ethics approval

This investigation was approved by the Ethics Committee of 
Hyogo College of Medicine Hospital (#1900) and the Ethics 
Committee of Hyogo University of Health Sciences (#15009).

Results

Study population

We screened 634 patients, and 259 patients were enrolled in 
this study. Characteristics of the study population are shown 
in Table 1. The patients were categorized as follow: the pa-
tients prescribed less than five drugs were categorized as the 
non-polypharmacy group (N = 68, 26.3%), five to nine drugs 
were categorized as the polypharmacy group (N = 132, 51%), 
and more than 10 drugs were categorized as the hyper-polyp-
harmacy group (N = 59, 22.8%). The median of the number 
of prescribed drugs in whole study population was seven, and 
73.8% of patients were prescribed more than five drugs. The 
age of total population was 70.3 ± 10.8 years, and the older 
population have tendency to be prescribed more drugs. eGFR 
was lower in the polypharmacy and the hyper-polypharmacy 
group than in the non-polypharmacy group. Furthermore, the 
numbers of cardiovascular diseases or their risk factors were 
increased in the polypharmacy and the hyper-polypharmacy 
groups. As the number of the prescribed drugs increased, red 
blood cells (RBC), hemoglobin (Hb) and hematocrit (Ht) de-
creased. The prevalence of anemia was also increased in the 
polypharmacy and the hyper-polypharmacy groups. Drugs 
administered in each category of polypharmacy are shown in 
Table 2. The proportion of each prescribed drug was higher in 
the polypharmacy and the hyper-polypharmacy groups except 
for cardiac stimulant, calcium-channel blocker and H2 blocker.

The number of the prescribed drugs in the patients with 
each comorbidity

The number of prescribed drugs increased when the patients 
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suffered from each comorbidity, especially when they had pe-
ripheral arterial disease or heart failure (Fig. 1). The numbers 
of the prescribed drugs also increased in the patients with CKD 
stage 3b or higher (eGFR < 45 mL/min/1.73m2), which is as-
sociated with higher mortality from cardiovascular diseases 
than CKD stage 1 or 2 [15]. The patients with anemia received 
more medications than those without anemia (Fig. 1).

The factors which correlated with the number of the pre-
scribed drugs

In univariate analyses, the number of the prescribed drugs was 
positively correlated with the number of cardiovascular diseases 
or their risk factors, age, white blood cells (WBC) and body 
mass index (BMI), and negatively correlated with eGFR, Hb 

and platelet (Table 3). In the multivariable analysis, independent 
variables that significantly correlated with the number of pre-
scribed drugs were anemia, CKD stage 3b or higher, and the 
number of cardiovascular diseases or their risk factors (Table 4).

The number of the prescribed drugs affects the change of 
the renal function

To explore the causal relationship of the number of the pre-
scribed drugs to the renal function, we examined the effect of 
the number of the prescribed drugs on the changing rate of 
eGFR in patients who received another eGFR examination 
more than 1 year later after the basal eGFR examination (N 
= 208). This analysis revealed that larger number of the drugs 
was associated with faster declining of eGFR (Table 5). Except 

Table 1.  Clinical Characteristics

Classification of polypharmacy
P value

All non-PP (0 - 4) PP (5 - 9) hyper-PP (≥ 10)
N 259 68 (26.25) 132 (50.97) 59 (22.78)
Age (years) 72 (64, 78) 70 (63, 75) 72 (66, 78) 73 (62, 80) 0.057
Male gender (%) 173 (66.8) 38 (55.9) 95 (72.0) 40 (67.8) 0.075
BMI (kg/m2) 24.0 ± 3.9 23.2 ± 3.7 24.0 ± 3.9 24.8 ± 3.8 0.069
WBC (102/µL) 60.6 ± 17.6 55.4 ± 13.4 62.6 ± 18.8a 62.0 ± 18.1 0.017
Plt (104/µL) 19.3 ± 5.4 19.8 ± 5.2 19.1 ± 5.3 19.0 ± 5.9 0.599
RBC (104/µL) 441 ± 63 455 ± 47 444 ± 61 417 ± 78b, c 0.002
Hb (g/dL) 13.5 ± 1.8 14.1 ± 1.4 13.6 ± 1.9 12.8 ± 1.8b, c < 0.001
Ht (%) 40.9 ± 5.0 42.3 ± 3.8 41.1 ± 5.3 39.1 ± 5.2b, c 0.002
RDW-CV 13.6 (13.0, 14.1) 13.3 (12.8, 13.7) 13.7 (13.1, 14.1)a 13.7 (13.1, 14.8)b < 0.001
Anemia (%) 74 (28.6) 6 (8.8) 37 (28.0)a 31 (52.5)b, c < 0.001
Cr (mg/dL) 0.84 (0.68, 1.01) 0.72 (0.62, 0.84) 0.85 (0.70, 0.99)a 1.01 (0.81, 1.32)b, c < 0.001
eGFR (mL/min/1.73 m2) 65.4 ± 20.9 73.8 ± 17.3 66.2 ± 19.1a 54.0 ± 23.4b, c < 0.001
Number of CVDs or their risk factors 3 (2, 4) 2 (1, 2) 3 (2, 4)a 4 (2, 5)b, c < 0.001
CVD or its risk factor
  Atrial fibrillation (%) 47 (18.1) 10 (14.7) 22 (16.7) 15 (25.4) 0.262
  Diabetes mellitus (%) 98 (37.8) 12 (17.6) 52 (39.4)a 34 (57.6)b, c < 0.001
  Dyslipidemia (%) 150 (57.9) 32 (47.1) 81 (61.4) 37 (62.7) 0.114
  Heart failure (%) 56 (21.6) 7 (10.3) 24 (18.2) 25 (42.4)b, c < 0.001
  Hypertension (%) 184 (71.0) 43 (63.2) 94 (71.2) 47 (79.7) 0.127
  IHD (%) 129 (49.8) 20 (29.4) 71 (53.8)a 38 (64.4)b < 0.001
  PAD (%) 24 (9.3) 1 (1.5) 10 (7.6) 13 (22.0)b, c < 0.001
  Stroke (%) 28 (10.8) 3 (4.4) 15 (11.4) 10 (16.9) 0.060

The data are presented as mean ± SD for normally distributed variables, median (first quartile, third quartile) for not normally distributed variables, 
or the number (percentage) for categorical variables. Differences in categorical variables between groups were assessed using Fisher’s exact test 
followed by Holm’s post hoc test. Differences in continuous variables between groups were assessed using one-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc test for normally distributed variables, or Kruskal-Wallis’s test followed by Steel-Dwass’s post hoc test for not normally 
distributed variables. BMI: body mass index; Cr: serum creatinine; CV: cardiovascular; CVD: cardiovascular disease; eGFR: estimated glomerular 
filtration rate; Hb: hemoglobin; Ht: hematocrit; IHD: ischemic heart disease; PAD: peripheral artery disease; Plt: platelet; PP: polypharmacy; RBC: red 
blood cells; RDW-CV: red blood cell distribution width-coefficient of variation; WBC: white blood cell. aP < 0.05, non-PP vs. PP; bP < 0.05, non-PP 
vs. hyper-PP; cP < 0.05, PP vs. hyper-PP.
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for the number of prescribed drugs, no clinical factors or labo-
ratory data correlated with the changing rate of eGFR (data not 
shown). These results suggest that polypharmacy might wors-
en the prognosis of cardiovascular outpatients by deteriorating 
the renal function.

Discussion

We searched for the clinical factors associated with polyphar-
macy in the cardiovascular outpatients. We found that polyp-
harmacy is associated not only with multiple comorbidities but 
also with poor renal function and anemia. Silverberg et al have 
proposed the idea of the cardio-renal anemia syndrome [17], 
which emphasizes that cardiovascular diseases, CKD, and ane-
mia influence each other and form a vicious circle. For exam-
ple, the poor renal function is an independent risk factor of car-

diovascular disease such as hypertension [18], atrial fibrillation 
[19, 20], heart failure [21], stroke [19], and acute myocardial 
infarction [22]. Anemia is also a risk factor of the cardiovascu-
lar disease [20, 21, 22-26]. Impaired renal function and anemia 
are not only the risk and prognostic factors of cardiovascular 
diseases but also the index of severity of cardiovascular dis-
eases [19, 20, 22, 25]. In our survey, along with the number of 
the cardiovascular diseases or their risk factors, CKD stage 3b 
or higher, and anemia were independently correlated to polyp-
harmacy in multivariable analysis. This finding suggests that 
polypharmacy is not only the marker of multiple comorbidities, 
but also a marker of the severity of each comorbidity. It is nec-
essary to consider the effect of renal function and anemia when 
we analyze the effect of polypharmacy on the prognosis.

Our data have shown that polypharmacy correlated with 
baseline of eGFR. However, it is unknown whether the polyp-
harmacy deteriorates renal function, or multiple comorbidities 

Table 2.  Drugs Administered in Each Category of Polypharmacy

All
Classification of polypharmacy

P value
non-PP (0 - 4) PP (5 - 9) hyper-PP (≥ 10)

N 259 68 (26.25) 132 (50.97) 59 (22.78)
Number of drugs 7 (4, 9) 3 (1, 3) 7 (6, 8)a 12 (10, 14)b, c < 0.001
Number of CV drugs 4 (3, 6) 2 (1, 3) 5 (4, 6)a 8 (6, 9)b, c < 0.001
  ACEI (%) 39 (15.1) 4 (5.9) 22 (16.7) 13 (22.0)b 0.023
  Antiarrhythmic agent 24 (9.3) 4 (5.9) 7 (5.3) 13 (22)b, c 0.002
  Anticoagulant (%) 67 (25.9) 8 (11.8) 37 (28.0)a 22 (37.3)b 0.002
  Antiplatelet agents (%) 152 (58.7) 15 (22.1) 93 (70.5)a 44 (74.6)b < 0.001
  ARB (%) 141 (54.4) 22 (32.4) 78 (59.1)a 41 (69.5)b < 0.001
  Calcium channel blockers (%) 120 (46.3) 27 (39.7) 59 (44.7) 34 (57.6) 0.115
  Cardiac stimulant 10 (3.9) 1 (1.5) 4 (3.0) 5 (8.5) 0.135
  Diuretics (%) 80 (30.9) 6 (8.8) 39 (29.5)a 35 (59.3)b, c < 0.001
  Hypolipidemic agent other than statins 19 (7.3) 1 (1.5) 10 (7.6) 8 (13.6)b 0.002
  Insulin (%) 11 (4.2) 0 (0.0) 2 (1.5)a 9 (15.3)b < 0.001
  Oral hypoglycemic agents (%) 59 (22.8) 0 (0.0) 32 (24.2)a 27 (45.8)b, c < 0.001
  Statins (%) 120 (46.3) 10 (14.7) 78 (59.1)a 32 (54.2)b < 0.001
  Vasodilator agent 44 (17.0) 2 (2.9) 24 (18.2)a 18 (30.5)b < 0.001
  β-blockers (%) 124 (47.9) 16 (23.5) 67 (50.8)a 41 (69.5)b, c < 0.001
Number of non-CV drugs 2 (1, 3) 0 (0, 1) 2 (1, 3)a 3 (3, 7)b, c < 0.001
  Antianxiety or hypnotic (%) 55 (21.2) 4 (5.9) 30 (22.7)a 21 (35.6)b < 0.001
  Cathartic (%) 52 (20.1) 3 (4.4) 22 (16.7)a 27 (45.8)b, c < 0.001
  H2-blockers (%) 26 (10.0) 3 (4.4) 15 (11.4) 8 (13.6) 0.162
  NSAIDs (%) 13 (5.0) 1 (1.5) 4 (3.0)a 8 (13.6)b 0.004
  PPI (%) 88 (34.0) 4 (5.9) 49 (37.1)a 35 (59.3)b, c < 0.001
  Uric acid-lowering agents (%) 46 (17.8) 6 (8.8) 21 (15.9) 19 (32.2)b, c 0.003

The data are presented as median (first quartile, third quartile) for not normally distributed variables, or the number (percentage) for categorical vari-
ables. Differences in categorical variables between groups were assessed using Fisher’s exact test followed by Holm’s post hoc test. Differences in 
continuous variables between groups were assessed using Kruskal-Wallis’s test followed by Steel-Dwass’s post hoc test for not normally distributed 
variables. ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CV: cardiovascular; H2-blocker: histamine type 2 recep-
tor blocker; NSAID: nonsteroidal anti- inflammatory drug; PP: polypharmacy; PPI: proton pump inhibitor; statins: HMG-CoA reductase inhibitor. aP < 
0.05, non-PP vs. PP; bP < 0.05, non-PP vs. hyper-PP; cP < 0.05, PP vs. hyper-PP.
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cause decrease in renal function. When we examined the fac-
tors which correlated with the changing rate of eGFR in the 
patients who received another eGFR examination more than 
1 year later after the basal eGFR examination, the number of 
the prescribed drugs was the only factor which correlated with 
the changing rate of eGFR. The changing rate of eGFR did 
not correlate with comorbidities or other clinical backgrounds. 
Our data suggested that polypharmacy not only reflects the 
number and severity of comorbidities but causes the decrease 
in renal function. Polypharmacy was associated with the use 
of medications harmful for renal function, such as nonsteroi-

dal anti-inflammatory drugs (NSAIDs) or diuretics. However, 
no single drug was associated with faster deterioration in re-
nal function. Combination of potential nephrotoxic drugs may 
have induced the accelerated deterioration in renal function.

This study has several limitations. First, the number of pa-
tients is rather small. Second, study population is heterogene-
ous, and many confounding factors affect the results. However, 
the study population reflects the “real world” of cardiovascular 
outpatients, and our results may make the physicians realize 
the impact of polypharmacy in a clinical setting.

Table 3.  Univariate Analyses of Factors Associated With the 
Number of Drugs

Factor ρ P value
Number of CVDs or their risk factors 0.484 < 0.001
eGFR (mL/min/1.73 m2) -0.336 < 0.001
Hb (g/dL) -0.217 < 0.001
Plt (104/µL) -0.153 0.014
Age (years) 0.151 0.015
WBC (102/µL) 0.143 0.021
BMI (kg/m2) 0.127 0.041

Correlations between each variable were examined using Spearman’s 
rank correlation coefficient rho (ρ). BMI: body mass index; CVD: car-
diovascular disease; eGFR: estimated glomerular filtration rate; Hb: 
hemoglobin; Plt: platelet; WBC: white blood cell.

Table 4.  Multivariate Analysis of Factors Which Were Indepen-
dently Associated With the Number of Drugs

Factor β P value
Number of CVDs or their risk factors 1.033 < 0.001
Anemia 1.722 < 0.001
CKD stage 3b or higher 1.923 0.002
WBC (102/µL) 0.022 0.081
Plt (104/µL) -0.049 0.229
Male 0.504 0.244
BMI (kg/m2) 0.025 0.638
Age (years) -0.009 0.672

Factors which were independently associated with the number of drugs 
were examined using linear regression analysis. CVD: cardiovascular 
disease; CKD: chronic kidney disease; WBC: white blood cell; Plt: 
platelet; BMI: body mass index.

Figure 1. The numbers of drugs prescribed for the patients with each comorbidity as the median of each group. *P < 0.05, †P < 
0.01 in Mann-Whitney U-test.
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Conclusions

In conclusion, polypharmacy is associated with the number of 
cardiovascular diseases or their risk factors, renal dysfunction 
and anemia. Polypharmacy also predicts the accelerated wors-
ening of renal function.
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