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Prognostic impact of polypharmacy
by drug essentiality in patients
on hemodialysis
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Rika Etoh?, Takashi Harada?, Satoshi Funakoshi?, Hiroshi Mukae* & Tomoya Nishino?!

Although polypharmacy is common among patients on hemodialysis (HD), its association with
prognosis remains unclear. This study aimed to elucidate the association between the number of
prescribed medicines and all-cause mortality in patients on HD, accounting for essential medicines
(i.e., antihypertensives, antidiabetic medicines, and statins) and non-essential medicines. We
evaluated 339 patients who underwent maintenance HD at Nagasaki Renal Center between July
2011 and June 2012 and followed up until June 2021. After adjusting for patient characteristics, the
number of regularly prescribed medicines (10.0 + 4.0) was not correlated with prognosis (hazard ratio
[HR]: 1.01, 95% confidence interval [CI] 0.97-1.05, p =0.60). However, the number of non-essential
medicines (7.9 £ 3.6) was correlated with prognosis (HR: 1.06, 95% CI 1.01-1.10, p=0.009). Adjusting
for patient characteristics, patients who were prescribed more than 10 non-essential medicines were
found to have a significantly higher probability of mortality than those prescribed less than five
non-essential medicines, with a relative risk of 2.01 (p=0.004). In conclusion, polypharmacy of non-
essential medicines increases the risk of all-cause mortality in patients on HD. As such, prescribing
essential medicines should be prioritized, and the clinical relevance of each medicine should be
reviewed by physicians and pharmacists.

Polypharmacy is common among patients with chronic kidney disease (CKD), particularly those undergo-
ing hemodialysis (HD)!-®, because of the presence of various comorbid conditions, such as hypertension and
cardiovascular diseases'. Moreover, more than half of patients undergoing HD develop end-stage renal disease
secondary to diabetes mellitus’. Therefore, patients on HD are prescribed various medicines to treat multiple
comorbidities, and compared to any other medical subspecialty, patients treated by nephrologists have a more
complex clinical presentation®. Polypharmacy is defined as prescribing several medicines to patients; this is a
critical practice as it can cause drug-drug interactions and harm patients®. Although the number of medicines
for defining polypharmacy varies®, patients on HD are prescribed approximately 10 medicines®**, and this situ-
ation was defined as excessive polypharmacy in previous studies>®.

A systematic review showed that the number of prescribed medicines is correlated with patient prognosis in
the general population’. However, only a few studies have investigated the association between the number of
prescribed medicines and mortality in patients on HD'®. A previous study on 152 patients who were followed
up for approximately 3 years found no significant association between polypharmacy and all-cause mortality in
the HD population!®. However, this was probably due to the short-term follow-up, small sample size, and many
confounding factors that hindered the elucidation of the actual prognostic impact of polypharmacy in patients
receiving HD. Thus, the interpretation of the polypharmacy impact on patients undergoing HD requires further
analyses.

Some medicines for comorbidities in patients on HD have been shown to improve prognosis. Antihyperten-
sive medicines can prevent cardiovascular diseases and have prognostic benefits in patients undergoing HD'!.
For example, amlodipine has been shown to prevent cardiovascular diseases in these patients'>. Antidiabetic
medicines also play an important role as glycemic control is crucial in diabetes patients on HD'*. Dipeptidyl
peptidase-4 inhibitors allow good glycemic control'*. A 5-year observational study showed that antidiabetic
medicines reduce the risk of death in diabetes patients on maintenance HD'. Further, atorvastatin reportedly
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Figure 1. Histogram showing the number of medicines regularly prescribed to patients on hemodialysis. (a)
Overall number of medicines. (b) Non-essential medicines. The patients were prescribed 10 medicines on
average, and approximately 20% of these medicines were categorized as essential medicines. Statistical analyses
were performed using the JMP Pro 15.0.0 (3903308).

exerts a favorable prognostic effect in patients on HD'®. Our previous study also found a positive effect of pita-
vastatin on mortality in patients undergoing HD'.

However, the association between polypharmacy and prognosis in the context of essential medicines (e.g.,
antihypertensive and antidiabetic medicines) and non-essential medicines in patients on HD remains unclear.
We hypothesized that the number of prescribed non-essential medicines is correlated with prognosis in these
patients. Thus, this study aimed to elucidate the association between the number of prescribed medicines and
all-cause mortality in patients receiving HD, considering the essential medicines.

Results

Patient characteristics and trends in medicine prescription. A total of 339 patients were evalu-
ated; among them, 57% were men. The mean age was 67.3+13.3 years, and the median duration of dialysis was
4.7 (interquartile range [IQR] 1.9-10.1) years. The mean hemoglobin Alc level, which was only available in
patients with diabetes, was 5.8+ 1.2%. The mean numbers of prescribed essential and non-essential medicines
were 10.0+4.0 and 7.9 £ 3.6, respectively (Fig. la-b).

In total, 151 and 188 patients were divided into two groups: those prescribed < 10 medicines and those
prescribed > 10 medicines. The patient characteristics according to group are listed in Table 1. Patients were
also categorized into two groups: those prescribed < 8 non-essential medicines and those prescribed 8 >non-
essential medicines; their characteristics are listed in Supplementary Table 1. The prescription trend is shown
in Supplementary Table 2. The proportions and categories of prescribed medicines in all patients are shown in
Supplementary Table 3.

Multivariable logistic regression analysis showed a tendency toward a higher number of prescriptions in
patients with a history of ischemic heart disease (odds ratio [OR]: 1.98, 95% confidence interval [CI]: 1.22-3.22,
p=0.005) and those with diabetes mellitus (OR: 2.00, 95% CI: 1.24-3.25, p=0.004). The results of the logistic
regression model are presented in Supplementary Table 4.

Survival analysis. Of 339 patients, 226 patients died during the follow-up period. The median follow-up
period was 4.5 (IQR: 1.8-9.2) years and 4.1 (IQR: 2.0-9.1) years in the <10 and > 10 medicines groups, respec-
tively. There was no significant difference in mortality between the <10 and =10 medicines groups (64.2% vs.
66.5%, p=0.67). The Kaplan-Meier curve also showed no significant difference in prognosis between the two

Scientific Reports |

(2021) 11:24238 | https://doi.org/10.1038/s41598-021-03772-0 nature portfolio



www.nature.com/scientificreports/

Less than 10 At least 10

(N=151) (N=188) p-value
Age (years) 67.1£14.5 67.6+12.3 0.73
Male (%) 58.3 56.4 0.73
Dialysis vintage® (years) 4.0 (1.3-9.5) 5.0 (2.3-10.5) 0.048
Dialysis time® (h) 4 (3-4) 4 (3-4) 0.45
Hypertension (%) 82.8 86.1 0.40
Diabetes mellitus (%) 25.2 42.0 0.001
Ischemic heart disease (%) 24.5 42.0 <0.001
Valve replacement therapy (%) 2.7 4.3 0.42
Cerebral hemorrhage (%) 8.0 53 0.33
Cerebral infarction (%) 23.8 25.5 0.72
Arteriosclerosis obliterans (%) 13.3 19.7 0.11
Cardiothoracic ratio (%) 51.6+6.2 52.7+5.4 0.09
Dry weight (kg) 51.3+10.4 52.6+11.5 0.29
Systolic blood pressure (mmHg) 147423 152+25 0.06
Left ventricular ejection fraction (%) 65+10 65+10 0.69
Hemoglobin (g/dL) 10.7+1.3 109+1.4 0.33
Ferritin® (ng/mL) 66.3 (25.6-180.0) | 63.3 (23.7-199.7) 0.97
Transferrin saturation (%) 26.1+15.4 24.0+12.6 0.17
Albumin (g/dL) 35+0.4 3.6+04 0.02
Corrected calcium (mg/dL) 9.3+0.8 9.2+0.8 0.52
Phosphate (mg/dL) 54+1.5 58+1.7 0.04
Intact-parathyroid hormone® (pg/mL) 77 (30-162) 69 (28-137) 0.29
Alkaline phosphatase® (IU/L) 252 (192-336) 250 (191-341) 0.93
Blood urea nitrogen (mg/dL) 66.8+18.9 69.1+17.5 0.23
Creatinine (mg/dL) 9.8+3.5 10.6+£3.3 0.04
Total cholesterol (mg/dL) 157 +37 164+37 0.07
Triglycerides® (mg/dL) 81 (61-124) 98 (69-136) 0.02
C-reactive protein® (mg/dL) 0.21 (0.07-0.64) 0.16 (0.05-0.46) 0.28

Table 1. Patient characteristics by total number of prescribed medicines. Data are expressed as the
mean * standard deviation, * median (interquartile range). The t-test or Mann-Whitney U test were used in the
analysis.

groups (p=0.92) (Fig. 2a). As an example of the effect of essential medicines on prognosis, patients prescribed
calcium channel blockers (CCBs) had significantly better prognoses than those who were not prescribed CCBs
(p=0.03; Fig. 2b).

Cox regression analyses. Univariable Cox regression analysis to elucidate the association between patient
characteristics and prognosis showed that the total number of prescribed medicines (p=0.56) and the number
of prescribed non-essential medicines (p = 0.50) were not associated with prognosis (Supplementary Table 5). In
the multivariable Cox analyses, both Model 1 (used to evaluate the total number of prescribed oral medicines)
and Model 2 (included the number of prescribed non-essential medicines) showed that age, sex, dialysis time,
diabetes mellitus, stroke history, cardiothoracic ratio, albumin level, serum phosphate level, and creatinine level
were associated with prognosis. After adjusting for clinically important confounding factors, the number of
the total prescribed medicines did not correlate with prognosis (hazard ratio [HR]: 1.01, 95% CI: 0.97-1.05,
p=0.60). However, the number of prescribed non-essential medicines correlated with prognosis (HR: 1.06, 95%
CI: 1.01-1.10, p=0.009) (Table 2). According to sensitivity analyses, the number of prescribed non-essential
medicines was not associated with prognosis in patients with diabetes mellitus (HR: 0.99, 95% CI: 0.92-1.05,
p=0.66) (Supplementary Table 6). On the other hand, the number of prescribed non-essential medicines cor-
related with prognosis in patients with ischemic heart diseases (HR: 1.05, 95% CI: 1.01-1.17, p=0.03) (Supple-
mentary Table 7).

Effect of medicines on prognosis. Univariable Cox regression models to elucidate the effect of medicines
on prognosis showed that CCBs and statins had a positive correlation, whereas oral vasopressors had a negative
correlation with prognosis (Table 3). After adjusting for clinically important patient characteristics, angiotensin
receptor blockers (ARBs) and other antihypertensive drugs, as well as anti-diabetes drugs, were associated with
improved prognosis in addition to CCBs and statins. In contrast, histamine 2 blockers and other gastrointestinal
medicines worsened prognosis in addition to oral vasopressors (Table 3).
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Figure 2. Kaplan-Meier survival curves. (a) Survival curve by the total number of prescribed medicines. There
was no significant difference between the two groups (p=0.67). (b) Survival curve by prescription of calcium
channel blockers (yes, n=169; no, n=170). Patients who were prescribed calcium channel blockers had better
prognoses than those not prescribed calcium channel blockers (p=0.02). Statistical analyses were performed
using the JMP Pro 15.0.0 (3903308).

The prognosis for each quantile of the number of prescribed medicines. Next, we categorized
the patients according to the quintile of the total number of prescribed medicines (Q41-Q,5) and prescribed
non-essential medicines (Qz1-Qjg5), with Q41 and Qg1 set as references. In the unadjusted analysis, there was no
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Model 1 Model 2

HR | 95% CI p-value | HR | 95% CI p-value
Age/years 1.03 | 1.02-1.05 <0.001 | 1.03 |1.02-1.05 <0.001
Male vs female 1.68 |1.19-2.38 0.004 | 1.80 | 1.19-2.38 <0.001
Dialysis vintage/year 1.01 |0.99-1.03 0.34 | 1.01 |0.99-1.03 0.50
Dialysis time/hour 0.61 |0.44-0.85 0.003 | 0.59 | 0.43-0.82 0.002
Diabetes mellitus 1.51 | 1.08-2.09 0.01 |1.42 |1.08-2.09 0.03
THD history 1.17 | 0.87-1.57 029 |1.14 |0.87-1.57 0.39
Stroke history 1.39 | 1.03-1.88 0.03 | 1.41 |1.03-1.88 0.02
Cardiothoracic ratio/% 1.04 | 1.01-1.06 0.002 | 1.04 | 1.02-1.07 0.001
Dry weight/kg 0.99 |0.97-1.01 0.44 {099 |0.97-1.01 0.42
Systolic BP/10 mmHg 0.95 | 0.90-1.01 0.09 |0.96 |0.90-1.01 0.15
Hemoglobin/g/dL 1.09 | 0.98-1.21 0.12 1.08 | 0.98-1.20 0.15
Albumin/g/dL 0.41 |0.27-0.62 <0.001 | 0.42 | 0.28-0.62 <0.001
Corrected calcium/mg/dL 1.14 |0.92-1.40 023 | 112 |0.91-1.38 0.27
Phosphate/mg/dL 1.12 | 1.02-1.23 0.01 1.12 | 1.02-1.23 0.02
Intact PTH/10 pg/mL 1.00 |0.98-1.01 0.62 | 1.00 |0.98-1.01 0.59
BUN/10 mg/dL 1.02 | 0.93-1.12 0.65 | 1.04 |0.94-1.14 0.47
Creatinine/mg/dL 091 |0.86-0.97 0.003 | 0.90 | 0.85-0.96 0.001
Vitamin D 0.88 | 0.64-1.20 0.41 0.84 | 0.64-1.20 0.26
Phosphate binders 0.81 |0.59-1.11 0.19 |0.78 |0.59-1.11 0.12
No. of total drugs 1.01 |0.97-1.05 0.60
No. of non-essential drugs 1.06 | 1.01-1.10 0.009

Table 2. Multivariable cox proportional regression models on the influencing factors of prognosis. Model 1:
Including the total number of prescribed drugs. Model 2: Including the number of prescribed non-essential
drugs. IHD, ischemic heart disease; BP, blood pressure; intact PTH, intact-parathyroid hormone; BUN, blood
urea nitrogen; No., number; non-essential drugs: all prescribed drugs excluding anti-hypertensive drugs,
diuretics, anti-diabetes drugs, and statins.

Univariable Multivariable

HR | 95%CI p-value | HR |95% CI p-value
Angiotensin receptor blockers 0.79 | 0.60-1.03 0.07 |0.58 |0.44-0.78 0.01
Beta blockers 0.81 |0.57-1.15 0.22 | 0.97 |0.66-1.43 0.89
Calcium blockers 0.74 | 0.57-0.96 0.02 |0.58 |0.44-0.78 <0.001
Diuretics 095 |0.72-1.25 0.71 |0.94 |0.68-1.30 0.72
Other antihypertensive drugs 0.93 | 0.63-1.37 0.71 |0.60 | 0.40-0.91 0.02
Antiplatelets 1.28 | 0.98-1.68 0.07 | 1.07 |0.79-1.46 0.64
Antidiabetics 0.90 |0.63-1.38 0.63 |0.52 |0.32-0.87 0.01
Proton pump inhibitors 1.08 | 0.83-1.41 0.57 | 0.74 | 0.55-1.00 0.053
H, blockers 1.14 | 0.85-1.54 0.38 | 1.50 | 1.09-2.07 0.01
Other gastrointestinal medicines 0.91 |0.70-1.18 048 |1.38 |1.00-1.91 0.048
Laxatives 1.13 | 0.87-1.47 0.36 | 0.76 |0.57-1.03 0.08
Cinacalcet 0.39 |0.25-0.61 <0.001 | 0.83 | 0.49-1.41 0.49
Sleeping medicines 1.08 | 0.80-1.47 0.62 |1.06 |0.75-1.52 0.73
Anti-epileptic, parkinsonism, and depression medicines | 0.88 | 0.62-1.27 0.50 |0.79 |0.48-1.10 0.13
Statins 0.55 |0.37-0.83 <0.001 | 0.50 | 0.32-0.77 0.002
Oral vasopressors 1.72 | 1.30-2.28 <0.001 | 1.51 | 1.10-2.07 0.01

Table 3. Univariable and multivariable-adjusted Cox proportional regression models for drugs influencing
patient prognosis. The adjusted values were calculated by adjusting for age, sex, dialysis vintage, dialysis
time, ischemic heart disease history, stroke history, cardiothoracic ratio, dry weight, systolic blood pressure,
hemoglobin, serum albumin, corrected calcium, intact-parathyroid hormone, blood urea nitrogen, serum
creatinine, prescription of vitamin D, and prescription of phosphate binders.
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Figure 3. Relative risk of mortality. (a) The total number of prescribed medicines in the unadjusted analysis.
(b) The number of prescribed non-essential medicines in the unadjusted analysis. (c) The total number of
prescribed medicines in the adjusted analysis. (d) The number of prescribed non-essential medicines in the
adjusted analysis. (c,d) were adjusted for age, sex, the duration of dialysis, dialysis time, diabetes mellitus,
history of ischemic heart diseases, stroke history, cardiothoracic ratio, dry weight, systolic blood pressure before
hemodialysis, hemoglobin, serum albumin, serum corrected calcium, phosphate, intact parathyroid hormone,
blood urea nitrogen, serum creatinine, vitamin D use (irrespective of oral or intravenous), and phosphate
binders. (a-c) There was no significant difference among the groups divided by quintiles. (d) There was a
significant difference between the lowest quintile and the highest quintile (p=0.004), and the relative risk of
the patients in the highest quintile was two times higher than that of patients in the lowest quintile. Statistical
analyses were conducted with Cox proportional hazard models using the JMP Pro 15.0.0 (3903308).

significant difference in the risk of mortality among Q,1-Q,5 and among Qp1-Qg5 (Fig. 3a-b). In the adjusted
analysis (for the same factors as those in the multivariable Cox regression analyses), there was no significant
difference among patients in Q41-Q,5 (Fig. 3c). Although there was no significant difference in the risk of
mortality between Qg1 and Qg2 (p=0.08), Q33 (p=0.42), and Q4 (p=0.07), the adjusted risk was significantly
different between patients in Qg1 and those in Qg5 (p=0.004). In addition, the risk of mortality was twofold
higher in patients in Qg5 than in those in Qg1 (Fig. 3d).

Discussion

This retrospective cohort study elucidated the association between polypharmacy and prognosis in patients on
HD and found that although there was no significant association between the total number of prescribed medi-
cines and prognosis, the number of prescribed non-essential medicines was associated with prognosis after
adjusting for clinically important confounding factors.

Older adults are particularly vulnerable to drug-drug interactions because they often have multiple chronic
medical conditions that require multiple drug therapies. Globally, patients on HD are generally of advanced age'?,
which underlines the importance of polypharmacy as a crucial practice among patients on HD. Additionally,
there is an increased tendency for prescribing new medicines to the patients on HD. For example, calcimimetics",
newly emerged phosphate binders®, and hypoxia-inducible factor prolyl hydroxylase enzyme inhibitors®! have
been used in patients on HD in the last 10 years. Furthermore, new-generation antidiabetics, such as dipeptidyl
peptidase-4 inhibitors', can be prescribed safely in patients on maintenance dialysis. In this study, ischemic
heart disease and diabetes were associated with taking > 10 medicines.
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The risk of drug-drug interactions is substantially increased when multiple drugs are administered”’. Drug
interactions can be induced by several mechanisms such as inhibition or induction of drug transporters, chela-
tion, adsorption, and protein binding®. Furthermore, cytochrome P450 enzymes are associated with drug-drug
interactions. Among more than 50 P450 enzymes, six enzymes (for example CYP3A4 and CYP2D6) are respon-
sible for metabolizing 90% of drugs, which can competitively inhibit drug metabolisms*!. Moreover, health care
professionals avoid prescribing drugs eliminated by kidney in patients on HD*. Therefore, drug-drug interactions
may have a profound effect in patients on HD, and this should not be overlooked.

Multivariable Cox regression analyses in this study showed that antihypertensive medicines (such as ARBs
and CCBs) improved the prognosis of patients on HD. Blood pressure management in patients on HD requires
not only antihypertensive medicines but also other strategies, such as diet therapy, exercise, and adjusting dry
weight?>?”. However, hypertension guidelines recommend the concomitant use of antihypertensive agents when
the target blood pressure is not achieved**’. Additionally, antihypertensive drugs may have other favorable
functions beyond lowering blood pressure, such as protecting the cardiovascular system'>***!. Despite the lack
of robust evidence, antidiabetic drugs and statins are expected to suppress cardiovascular complications in
patients on HD. Our findings support that some medicines need to be continued irrespective of the total number
of prescribed drugs to achieve good blood pressure, glycemic, and cholesterol control.

Some gastrointestinal medicines were associated with a poor prognosis in this study. More than 60% of
patients were prescribed proton pump inhibitors (PPIs) or histamine 2 blockers, and nearly 50% of the patients
were prescribed other gastrointestinal medicines, such as metoclopramide and mucosal protectants. In general,
PPIs accelerate osteoporosis, which worsens prognosis in patients on HD??, particularly older patients®. In addi-
tion, PPIs increase the risk of cardiovascular disease*’. Although PPIs protect against gastric ulcers in patients
prescribed aspirin, a previous report showed that more than 25% of patients visiting a single HD center took
PPIs for an unclear/unknown indication?. Some patients in the present study were prescribed metoclopramide
regularly, which could increase the risk of drug-induced parkinsonism®. Although there was no significant asso-
ciation between sleeping medicines and prognosis in this study, a previous report showed that benzodiazepines
affected prognosis in patients on HD*. Collectively, these findings support that it would be beneficial to review
the significance of non-essential medicines before they are prescribed routinely.

Issues related to polypharmacy can be addressed through several strategies. First, evidence on the benefit of
medicines in patients on HD should be considered. As clinical trials tend to exclude patients on HD, the results
may not be applicable to these patients. For example, increasing evidence shows that warfarin for atrial fibril-
lation increases the risk of stroke among patients undergoing HD*. A previous study established an effective
algorithm to reduce the number of prescribed medicines considering the evidence in patients on HD?. Second,
it would be better to seek alternative methods to medications. For instance, lifestyle changes may allow patients
to discontinue sleeping medicines and decrease intra-dialysis weight gain, which in turn will allow discontinu-
ation of oral vasopressors. Finally, prioritizing prescription medicines is crucial. Physicians and pharmacists
should re-evaluate the prescribed medicines considering the patient characteristics and present status, including
patient satisfaction. For example, although oral vasopressors negatively correlated with prognosis in this study,
even after adjustment for patient characteristics, these drugs are necessary for safe HD. The outcomes of our
sensitivity analyses show limited significance of decreasing the number of prescribed medicines in patients with
diabetes mellitus. On the other hand, it is advisable to consider decreasing the number of prescribed medicines
in patients with ischemic heart diseases. In this cohort, patients with ischemic heart diseases tended to be on
dual antiplatelet therapy (DAPT). Although DAPT is mandatory for several months in patients with implanted
drug-eluting stents, long-term antiplatelet therapy increases the risk of hemorrhagic complications, particularly
in patients on HD?*%%.

Several steps need to be implemented to address issues related to polypharmacy in patients on HD in the
future. Although an effective prescription algorithm for patients on HD has been proposed?, its efficacy needs
to be validated in large-scale studies. Additionally, it may be possible to study drug-drug interactions that con-
sider individual patient characteristics, and use artificial intelligence to design appropriate formulations*. The
increasing cost of medicine expenditure highlights the importance of decreasing the use of unnecessary drugs,
and some limitations need to be proposed to curb the medical cost in HD'®.

This study has some limitations. First, we only investigated the prescription profiles at the beginning of this
study; the prescribed medicines could not be followed up during the observation period due to patients’ death.
This could have led to a different interpretation of the results. Second, we could not assess drug-drug interac-
tions using the multivariable regression models. We only adjusted for vitamin D and phosphate binders as they
are most commonly used in HD. Third, the number of available medicines increased after the study period. For
example, the high proportion of patients prescribed calcimimetics could be due to the recent availability of newer
calcimimetics, such as evocalcet. Thus, the number of prescribed medicines might have increased during the
observation period. Finally, we only focused on oral drugs and did not include intravenous medicines because
some erythropoietin agents are only used once a month and are not administered daily. Almost all the drugs
were used during HD; hence we excluded intravenous medicines to simplify the analysis. Moreover, we did not
consider the dose of the medicines, which can affect the results. The association between polypharmacy and the
dose of medicines and pill burdens should be evaluated in the future.

Conclusion

Although the total number of prescribed oral medicines does not correlate with prognosis in patients on main-
tenance HD, the number of prescribed non-essential medicines impacts prognosis. This is because patients on
maintenance HD have clinical presentation of highest complexity compared to patients without renal failure,
and it is difficult to simplify the association between polypharmacy and patient prognosis in patients on HD.
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Consequently, medicines should be prescribed with caution in patients on HD, the prescriptions should be
reviewed regularly, and the benefit should be balanced with the adverse effects.

Methods

Study design and patients. This retrospective study evaluated patients who underwent maintenance HD
(3 sessions a week for>3 months) at Nagasaki Renal Center between July 2011 and June 2012. The inclusion
criterion was an age of at least 20 years. We excluded patients who did not undergo routine examinations in their
birth month (e.g., blood tests) during the study period due to death or transfer to another facility. The patients
were followed up until June 2021.

Data collection. Data on baseline patient characteristics, such as age, sex, duration of dialysis, blood tests,
pre-existing complications, and medications were obtained from electronic medical records in their birth
months from July 2011 to June 2012. Only the number of oral medicines prescribed regularly was included in
the analysis, and the doses and the number of pills were not considered. Over-the-counter drugs and prescribed
medicines from other facilities were not counted. Antihypertensive drugs, diuretics, antidiabetics, and statins
were categorized as essential medicines since these medicines reportedly exert favorable effect on the prognosis
of patients on HD'!~'6, Moreover, our unpublished data showed that the number of antihypertensive medicines
and diuretics positively correlated with patient prognosis in this cohort!”. The total number of prescribed essen-
tial and non-essential oral medicines was used to elucidate the effect on prognosis.

Statistical analyses. Categorical variables are represented as numbers (%), while continuous variables are
presented as the mean + standard deviation. Normally distributed data are displayed as the median (interquar-
tile range). Continuous variables were compared using the t-test and Mann-Whitney U test, while categori-
cal variables were evaluated using the chi-square test. The patients were divided into two groups based on the
mean number of total prescribed medicines and non-essential medicines, and logistic regression analysis was
performed to identify the patient characteristics that affected the number of prescribed medicines. Moreover, a
survival analysis was performed between the two groups using the log-rank test. Additionally, another survival
analysis between patients with and without CCBs was performed to show an example that essential medicines
had a prognostic impact.

To calculate adjusted relative risks of the numbers of prescribed medicines, the patients were divided accord-
ing to the quintile of the total number of prescribed medicines or the total number of prescribed non-essential
medicines. Univariable and multivariable Cox proportional hazards analyses were also performed. To elucidate
the effect of the number of prescribed medicines, Model 1 included the total number of prescribed medicines and
was adjusted for clinically important factors, namely, age, sex, dialysis duration, dialysis time, diabetes mellitus,
history of ischemic heart disease, stroke history, cardiothoracic ratio, dry weight, systolic blood pressure before
HD, hemoglobin, serum albumin, serum corrected calcium, phosphate, intact parathyroid hormone, blood
urea nitrogen, serum creatinine, vitamin D use (irrespective of oral or intravenous), and phosphate binders.
Model 2 was used to elucidate the association between the number of prescribed non-essential medicines and
prognosis adjusted for the same parameters. For sensitivity analyses, we assigned patients into two groups based
on the presence of diabetes mellitus or ischemic heart disease. Multivariable Cox proportional hazards analyses
included the age, sex, dialysis duration, dialysis time, cardiothoracic ratio, serum albumin, serum phosphate,
serum creatinine, and the number of non-essential medicines.

The association between each medicine category and prognosis was evaluated by adjusting the parameters
described above. Missing data were removed from the analyses. All statistical analyses were performed using the
JMP Pro 15.0.0 (3903308) (SAS Institute Inc., Cary, NC, USA. https://www.jmp.com/en_my/software/new-relea
se/new-in-jmp-and-jmp-pro.html). P <0.05 was considered statistically significant.

Ethics. This study was approved by the Clinical Research Ethics Committee of Nagasaki Renal Center (Naga-
saki, Japan) (21010) and was conducted in accordance with the 1964 Declaration of Helsinki and its subsequent
amendments. The need for informed consent was waived by Clinical Research Ethics Committee of Nagasaki
Renal Center (Nagasaki, Japan) owing to the retrospective study design and use of anonymized data.

Data availability
The datasets analyzed during the current study are available from the corresponding author upon reasonable
request.
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