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Abstract

Background

Understanding the association between patients’ history of prescribed medications and mor-

tality rate could optimize characterization of baseline risk when the Charlson Comorbidity

Index is insufficient.

Methods

Using a Swedish cohort of men selected randomly as controls to men with prostate cancer

diagnosed 2007–2013, we estimated the association between medications prescribed dur-

ing the previous year and mortality rates, using Cox regression stratified for age.

Results

Among the 326,450 older men with median age of 69 years included in this study, 73% were

categorized as free of comorbidity according to the Charlson Comorbidity Index; however,

84% had received at least one prescription during the year preceding the follow-up. This

was associated with a 60% overall increase in mortality rate (hazard ratio [HR] = 1.60, 95%

confidence interval [CI] 1.56 to 1.64). Some drugs that were unexpectedly associated with

mortality included locally acting antacids (HR = 4.7, 95% CI 4.4 to 5.1), propulsives (HR =

4.7, 95% CI 4.4 to 5.0), vitamin A and D (HR = 4.6, 95% CI 4.3 to 4.9), and loop diuretics, for

example furosemide (HR = 3.7; 95% CI 3.6 to 3.8). Thiazide diuretics, however, were only

weakly associated with a mortality risk (HR = 1.5; 95% CI 1.4 to 1.5). Surprisingly, only weak

associations with mortality were seen for major cardiovascular drug classes.

Conclusions

A majority of older men had a history of prescribed medications and many drug classes

were associated with mortality rate, including drug classes not directly indicated for a spe-

cific comorbidity represented in commonly used comorbidity measures. Prescription history

can improve baseline risk assessment but some associations might be context-sensitive.
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Introduction

Adjusting for baseline comorbidity is a common practice in epidemiological studies. For

example, using the Charlson Comorbidity Index (CCI) is a well-established strategy in regis-

try-based studies [1, 2]. While the CCI might perform well in some situations, a significant

number of patients score very low or zero on the CCI despite having a comorbidity, suggesting

that the CCI might not be sufficiently discriminative. Data from a prescription registry could

potentially provide additional information regarding patients’ baseline health status and asso-

ciated mortality risk. Prescriptions for medication provide indirect information on patients’

current medical condition. Patients’ prescription history tends to be readily available and not

dependent on manual coding procedures. Concurrently, prescriptions issued as part of unspe-

cific, symptomatic treatment or preventive approach might provide supplementary informa-

tion that is independent of any specific condition.

The association between different aspects of prescription history and mortality has been

comprehensively evaluated in several previous studies [3, 4]. Prescription history, as a measure

of comorbidity, has also been described previously [5]. A common approach has been to take a

number of relevant comorbidities as the starting point and identify the Anatomical Therapeu-

tic Chemical (ATC) codes for drugs used to treat these conditions [6]. This may, however,

inadvertently overlook important information regarding the patients’ baseline mortality risk,

suggesting a need for an approach involving non-specific prescriptions. This study aimed to

broadly explore prescription history, which includes all available prescribed drugs, to describe

its potential usefulness for characterization of baseline mortality risk.

Our hypothesis was that an ATC-code might provide relevant information regarding the

patient’s health status even if the indication is unknown or not associated with mortality risk

per se. To investigate this hypothesis, we assessed associations between prescriptions for ATC-

codes at a pharmaceutical subgroup level and mortality in a population of elderly men.

Methods

Study population

In the Prostate Cancer Database Sweden (PCBaSe) [7], National Prostate Cancer Register

(NPCR) of Sweden (NPCR) has been linked to other registries, including Swedish Cancer Reg-

istry [8], Cause of Death Registry [9], Prescribed Drug Registry [10], and National Patient Reg-

istry (PAR) [11] through the unique Swedish Personal Identity Number (PIN) [12]. The

PCBaSe 4.1 included men diagnosed with prostate cancer between 1998 and 2016 together

with five men free of prostate cancer randomly selected from the general population matched

for birth year and county of residence [13]. For this study, we used control men for prostate

cancer cases diagnosed between 2007 and 2013. The start of follow-up for a control man was

the date of diagnosis of prostate cancer for his matched case. The study was approved by the

Research Ethics Board in Uppsala that waived the informed consent requirement.

Covariates

The CCI was calculated based on discharge diagnoses from hospitalizations and specialist out-

patient visits, extracted from PAR for the 10-year period preceding the start of follow-up [2].

Filled prescriptions

The National Prescribed Drug Registry is compulsory, nationwide, and run by the Swedish

Board of Health and Welfare [10]. It contains detailed and comprehensive information on all

prescribed and dispensed drugs in Sweden, and includes the unique person identity number of
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the patient since 1 July 2005. It does not have information on drugs administered in the hospi-

tal setting. Filled prescriptions were extracted during the 1-year period preceding the individu-

al’s follow-up. The prescribed drugs were categorized using the first level (anatomical main

group) of the ATC classification system for descriptive purposes, and with the third level

(pharmacological subgroup) for the main analyses. The pharmacological subgroups repre-

sented in the PCBaSe study population are listed in S1 Table.

Statistics

The men were followed until the date of emigration, death, or end of follow-up (31 December

2017), whichever came first. The association with mortality was described using Kaplan–Meier

survival curves. Results were presented for the 100 pharmacological subgroups with the highest

number of deaths. Hazard ratios (HR) and corresponding 95% confidence intervals (CI) were

calculated using univariable Cox proportional hazard models stratified by age (0–50, 51–60,

61–65, 66–70, /. . ./, 96–110 years). HRs were calculated for the respective ATC pharmacologi-

cal subgroups using the subjects without any prescription as a reference. In the subgroup anal-

ysis, we restricted the population to that of men with CCI = 0. To avoid violating the

assumption of proportional hazards, the analysis was stratified for age rather than being

adjusted by it as a continuous variable. We, therefore, also performed a sensitivity analysis

without stratification and instead adjusted for age as a continuous and quadratic term in the

Cox model.

Results

There were 326,450 men with a median age of 69 years (interquartile range 63–75) included in

the PCBaSe as controls to cases diagnosed with prostate cancer between 2007 and 2013. Their

characteristics in relation to their CCI are described in Table 1. While 73% were categorized as

free of comorbidity according to the CCI, 84% had received at least one prescription during

the year before the start of follow-up. These men tended to be older and had a lower educa-

tional status than that of the minority who did not receive any prescriptions during the year

preceding the follow-up. Receiving at least one prescription was associated with a 60% increase

in mortality rate (HR = 1.60, 95% CI 1.56 to 1.64) than not receiving any prescription.

The most common prescription was for drugs affecting the cardiovascular system (anatom-

ical main group C; 58%), followed by drugs for the blood and blood-forming organs (group B;

41%), nervous system (group N; 38%), and alimentary system (group A; 37%). In men with

CCI = 0, indicating no comorbidity, the most common prescriptions belonged to the anatomi-

cal main groups as follows: cardiovascular system (47%), nervous system (31%), alimentary

system (27%), and blood and blood-forming organs (26%).

The associations between each pharmacological subgroup (four positions of the ATC code)

and mortality are presented in Figs 1–5. The survival curves display the crude survival in the

respective ATC pharmacological subgroup compared to all other men in the study population

with at least one registered prescription. The HRs are age-adjusted.

Alimentary tract and metabolism (ATC-group A)

Treatment with antacids was associated with long-term mortality rate (Fig 1). The association

was stronger (HR = 4.7, 95% CI 4.4 to 5.1) for locally acting antacids (A02A) than for the more

prevalent systemic antacids such as proton pump inhibitors and H2-receptor antagonists

(HR = 2.06, 95% CI 2.00 to 2.12) (A02B). Use of propulsives (A03F), such as metoclopramide,

indicated for nausea and vomiting, was also associated with long-term mortality (HR = 4.7,
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95% CI 4.4 to 5.0). The association was particularly strong for serotonin antagonists (A04A;

HR = 10.2, 95% CI 9.4 to 11.1).

Other drugs that were associated with death rate included intestinal antiinfectives (A07A)

indicated for treatment of Clostridium difficile diarrhea (HR = 3.8, 95% CI 3.6 to 4.1), and

antipropulsives (A07D; HR = 3.0, 95% CI 2.8 to 3.1). Vitamins and minerals (A11–A12)

showed an association with mortality, specifically, vitamin A and D (HR = 4.6, 95% CI 4.3 to

4.9), and potassium (HR = 3.2, 95% CI 3.1 to 3.4). Drugs used in diabetes (A10) were associ-

ated with mortality rate; insulins were associated with a risk increase (A10A; HR = 3.2, 95% CI

3.1 to 3.3) that was higher than other blood glucose-lowering drugs (A10B; HR = 2.1, 95% CI

2.0 to 2.2).

Blood and blood-forming organs (ATC-group B)

Prescriptions for antithrombotic agents (B01A), containing vitamin K antagonists, platelet

aggregation inhibitors, as well as direct factor Xa inhibitors, were common and associated

with mortality (HR = 2.0, 95% CI 1.9 to 2.0) (Fig 1). Iron preparations (B03A) were also

Table 1. Characteristics of prostate cancer-free men.

CCI = 0

(n = 237,515)

CCI = 1

(n = 44,127)

CCI = 2

(n = 23,206)

CCI = 3

(n = 10,328)

CCI� 4

(n = 11,274)

All (n = 326,450)

Age, % (n)

�65 42 (98779) 22 (9911) 17 (3902) 12 (1242) 13 (1450) 35 (115284)

66–75 40 (94574) 42 (18358) 39 (8962) 36 (3750) 37 (4136) 40 (129780)

>75 19 (44162) 36 (15858) 45 (10342) 52 (5336) 50 (5688) 25 (81386)

Number of prescribed drugs a, %

(n)

0 22 (51206) 2 (838) 2 (451) 1 (80) 1 (102) 16 (52677)

1 18 (43936) 3 (1404) 3 (718) 1 (99) 1 (114) 14 (46271)

2 18 (43922) 14 (6265) 9 (1997) 4 (459) 3 (322) 16 (52965)

3 16 (37560) 21 (9077) 16 (3754) 12 (1225) 8 (920) 16 (52536)

4 12 (27746) 21 (9467) 21 (4900) 20 (2035) 16 (1766) 14 (45914)

5 7 (17445) 17 (7514) 20 (4570) 23 (2400) 22 (2472) 11 (34401)

6 4 (9307) 12 (5138) 15 (3485) 18 (1891) 21 (2369) 7 (22190)

7+ 3 (6393) 10 (4424) 14 (3331) 21 (2139) 28 (3209) 6 (19496)

ATC-codes, % (n)

A- 27 (63572) 52 (23019) 67 (15438) 78 (8066) 86 (9701) 37 (119796)

B- 26 (62707) 78 (34622) 78 (18210) 86 (8895) 87 (9755) 41 (134189)

C- 47 (110676) 86 (37952) 85 (19713) 91 (9381) 91 (10292) 58 (188014)

G- 15 (36121) 21 (9226) 22 (5042) 23 (2370) 22 (2536) 17 (55295)

H- 8 (18160) 15 (6445) 18 (4112) 21 (2214) 27 (3042) 10 (33973)

J- 26 (61149) 36 (15963) 42 (9857) 49 (5054) 58 (6522) 30 (98545)

L- 1 (3019) 3 (1257) 4 (1021) 6 (607) 8 (860) 2 (6764)

M- 24 (56917) 28 (12534) 29 (6768) 31 (3207) 35 (3925) 26 (83351)

N- 31 (73126) 51 (22487) 60 (14032) 70 (7267) 78 (8741) 38 (125653)

R- 11 (25790) 19 (8211) 22 (5041) 27 (2777) 30 (3334) 14 (45153)

S- 15 (34747) 20 (8825) 22 (5163) 25 (2539) 26 (2947) 17 (54221)

The data is presented stratified by the level of comorbidity as indicated by the Charlson Comorbidity Index (CCI).
a One subject could have prescriptions from several anatomical main groups. The numbers and percentages therefore do not add up to the number of subjects and the

sum of percentages exceeds 100%.

https://doi.org/10.1371/journal.pone.0241439.t001
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associated with mortality (HR = 3.5, 95% CI 3.4 to 3.7), as were vitamin B12 and folic acid

(B03B; HR = 2.5, 95% CI 2.4 to 2.5; Fig 2). The strongest association (HR = 7.3, 95% CI 6.7 to

7.9) between antianemic preparations and mortality was seen in the group B03X containing,

for example erythropoietin used in renal anemia in patients on hemodialysis.

Cardiovascular system (ATC-group C)

Cardiac glucosides (C01A; Fig 2) were associated with the mortality rate (HR = 3.2, 95% CI 3.0

to 3.3), whereas class I and III antiarrhythmics (C01B), cardiac stimulants (excluding cardiac

glucosides; C01C), and vasodilators (C01D; including e.g. nitrates) only displayed weak associ-

ations with mortality rate.

Prescriptions for diuretics were common and their relation to the mortality rate varied.

Although thiazide diuretics (C03A) were weakly associated with the mortality rate (HR = 1.5,

95% CI 1.4 to 1.5), loop diuretics (C03C) such as furosemide had a stronger association

(HR = 3.7, 95% CI 3.6 to 3.8). Moreover, potassium-sparing agents (C03D) were associated

with mortality (HR = 3.6; 95% CI 3.4 to 3.7); however, combinations of diuretics and potas-

sium-sparing agents had a weaker association (C03E; HR = 1.4, 95% CI 1.4 to 1.5).

Prescriptions for beta-adrenergic blocking agents (C07A) were prevalent and had a modest

association with the mortality rate (HR = 1.9, 95% CI 1.9 to 2.0). Selective calcium channel

blockers with mainly vascular effects (C08C), for example, those indicated for the treatment of

hypertension, such as angiotensin-converting enzyme (ACE) inhibitors (C09A-B; Fig 3) and

angiotensin II receptor blockers (C09C-D) were weakly associated with an increased mortality

rate (HR ranging from 1.4 to 1.7). Drugs with direct cardiac effects (C08D) were less prevalent

but were also associated with mortality (HR = 2.1, 95% CI 1.9 to 2.2). Lastly, plain lipid-modi-

fying agents (C10A) were weakly associated with mortality (HR = 1.7; 95% CI 1.6 to 1.7).

Dermatologicals (ATC-group D)

Antipruritics, including antihistamines and anesthetics (D04A), were associated with an

increased mortality rate (HR 2.2, 95% CI 1.9 to 2.7). The association for other dermatological

preparations (D11A) was weaker (HR = 1.6, 95% CI 1.4 to 1.8).

Genito-urinary system and sex hormones (ATC-group G)

Urologicals (G04B), including acidifiers; urinary concrement solvents; drugs for urinary fre-

quency, incontinence, and erectile dysfunction (HR = 1.4, 95% CI 1.3 to 1.4); and drugs used

in benign prostatic hypertrophy (G04C; HR = 1.4, 95% CI 1.4 to 1.5) appeared to be only

weakly associated with the mortality rate.

Systemic hormonal preparations, excl. sex hormones, and insulins (ATC-

group H)

Corticosteroids for systemic use (H02A) displayed an association (HR = 2.5, 95% CI 2.4 to 2.6)

with mortality; however, the associations between thyroid preparations (H03A) and mortality

were weaker (HR = 1.8, 95% CI 1.7 to 1.8).

Fig 1. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical subgroups A02A-B01A. The number of events

and total number of subjects in each category are presented in the legends. 95% confidence intervals (CI) are shown for the HRs.

https://doi.org/10.1371/journal.pone.0241439.g001
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Antiinfectives for systemic use (ATC-group J)

Among antibiotics, the weakest associations were seen for tetracyclines (J01A; HR = 1.9, 95%

CI 1.8 to 1.9), and beta-lactam antibacterials and penicillins (J01C; HR = 1.9, 95% CI 1.8 to

2.0). Other beta-lactam antibacterials (J01D), sulfonamides and trimethoprim (J01E), macro-

lides, lincosamides and streptogramins (J01F), quinolones (J01M), and other antibacterials

(J01X) all had a somewhat stronger association with mortality (Fig 3).

Antineoplastic and immunomodulating agents (ATC-group L)

The strongest associations in this group were seen for alkylating agents (L01A; Fig 4; HR = 9.4,

95% CI 8.4 to 10.7), immunostimulants such as G-CSF, interferons, and interleukins (L03A;

HR = 5.2, 95% CI 4.5 to 6.0), and other antineoplastic agents (L01X; HR = 4.8, 95% CI 4.3 to

5.4). Weaker associations were seen for antimetabolites (L01B; HR = 2.4, 95% CI 2.1 to 2.7)

and immunosuppressants (L04A; HR = 2.5, 95% CI 2.4 to 2.7).

Musculo-skeletal system (ATC-group M)

Antiinflammatory, antirheumatic products, and non-steroid anti-inflammatory drugs

(NSAIDs and M01A) only had a weak association with mortality (HR = 1.3, 95% CI 1.3 to 1.4).

Topical products for joint and muscular pain (M02A), muscle relaxants, centrally-acting

agents (M03B), antigout preparations (M04A), and drugs affecting bone structure and miner-

alization (M05B) were all moderately associated with mortality (Fig 4).

Nervous system (ATC-group N)

The strongest associations in this group were seen for Parkinson’s disease medications, anti-

cholinergic agents (N04A; HR = 5.2, 95% CI 4.7 to 5.8), antipsychotics (N05A; HR = 4.6, 95%

CI 4.4 to 4.8), and anti-dementia drugs (N06D, Fig 5; HR = 4.9, 95% CI 4.7 to 5.2). Among

analgesics, the group of analgesics and antipyretics (N02B; Fig 4) notably containing acetamin-

ophen, had an equally strong association with mortality (HR = 2.4, 95% CI 2.3 to 2.5) as did

opioids (N02A; HR = 2.3, 95% CI 2.3 to 2.4), but the strongest association in this category was

seen for local anesthetics (N01B; HR = 4.1, 95% CI 3.8 to 4.4). Antiepileptics (N03A), dopami-

nergic agents for Parkinson’s disease (N04B), anxiolytics (N05B), antidepressants (N06A), and

drugs used in addictive disorders (N07B) were associated with an approximately tripled mor-

tality rate. Somewhat weaker associations were seen for antimigraine preparations (N02C;

HR = 2.0, 95% CI 1.8 to 2.2), hypnotics and sedatives (N05C; Fig 5; HR = 2.5, 95% CI 2.4 to

2.5), and psychostimulants, such as agents used for ADHD (N06B; HR = 2.3, 95% CI 1.8 to

2.9).

Complementary analyses

Restricting the analyses to men with CCI = 0 generated similar results; however, the estimated

associations tended to be overall weaker (S1–S5 Figs). Adjusting for age as a continuous and

quadratic term in the Cox models instead of stratifying for age produced nearly identical HRs

(data not shown).

Fig 2. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical subgroups B03A-C08D. The number of events

and total number of subjects in each category are presented in the legends. 95% confidence intervals (CI) are shown for the HRs.

https://doi.org/10.1371/journal.pone.0241439.g002
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Discussion

In this large cohort of elderly men randomly selected from the general population as controls

to men with prostate cancer, 73% were categorized as free of comorbidity, according to the

CCI. Nevertheless, 84% of the men had at least one prescription filled during the year before

the start of follow-up. Many ATC-codes are found to be associated with mortality, as is

expected from the severity of the conditions for which they are indicated. However, drug clas-

ses that were not directly linked to a specific comorbidity were also found to be associated with

an increased risk of death. In the present study, contrary to expectations, some drugs previ-

ously associated with mortality were only weakly associated with an increased risk of death. In

contrast, other drugs had unexpectedly strong associations with an increased risk of death in

the present study. These findings suggest that analysis of ATC-codes might provide relevant

information regarding the patient’s health status even if the indication is unknown or not asso-

ciated with mortality risk per se.

In the present study, the majority of participants had filled at least one prescription in the

year preceding follow-up, even though the CCI classified them as comorbidity-free. This find-

ing is in line with a previous study showing that in two different datasets, 68% and 74% of hos-

pitalized patients, respectively, had at least one prescription without a corresponding ICD-10

code for a disease entity related to the use of the drug [6]. This phenomenon provides an

opportunity to further characterize baseline risk in a large proportion of individuals consid-

ered free of comorbidity, according to the widely used CCI.

Prescription data is widely available in health data registries or from electronic health rec-

ords. It is a well-structured type of information that can be incorporated into primary data col-

lection. A further advantage is that this type of data source covers prescriptions from both

tertiary and primary care.

Prescription data has been used to capture comorbidity in previously-reported models [5,

14–16]. The strategy for using this type of information has most often involved defining the

comorbid conditions of interest and mapping medications related to these comorbidities [6,

17]. We propose to instead explore information provided by every issued prescription, without

assessing their potential value or relation to any specified comorbidity. From this perspective,

the results from this study are of interest.

In principle, there might be different reasons behind an association between a class of pre-

scribed drugs and mortality. The first consideration is if the medication in itself is causally

related to the estimated mortality risk. However, more likely, the prescription indicates a

patient’s health condition, which impacts mortality risk. In other words, it is the indication

and not the drug itself that affects the risk of death.

Nevertheless, in several instances, the results of this study demonstrated unexpectedly

strong associations with respect to health status assessment. For example, a 2–5 times increase

in the mortality rate associated with the use of antacids is unlikely to reflect the mortality

directly related to gastrointestinal bleeding. The association was strongest for locally acting

antacids, and their use could reflect the patients’ overall comorbidity burden and frailty. The

antacids group also contains bicarbonate used in advanced chronic renal failure, a condition

associated with high mortality.

In this context, granularity of data might be paramount. The present study’s findings per-

taining to use of diuretics illustrate this idea well. In our dataset, loop diuretics and potassium-

Fig 3. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical subgroups C09A-J01X. The number of events

and total number of subjects in each category are presented in the legends. 95% confidence intervals (CI) are shown for the HRs.

https://doi.org/10.1371/journal.pone.0241439.g003
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sparing agents were strongly associated with the mortality rate, whereas thiazide diuretics and

diuretics combined with potassium-sparing agents had weaker associations. Therefore, consid-

erable variations occur within the drug class of diuretics. This is expected since loop diuretics

are prescribed in association with more severe conditions, such as heart and kidney failure,

than thiazide diuretics are. This underlines the importance of information carried in the third

level ATC code, specifically, the pharmacological subgroup, over the information carried by

the first level code, i.e. the main anatomical group.

In the present study, symptomatic treatments without a strictly defined disease indication

were strongly associated with mortality rate, likely reflecting poor general health. Nausea and

vomiting are not life-threatening per se, but when prescription medication is needed to allevi-

ate such symptoms, it might signal associated conditions, such as malignancy and associated

treatment, or general frailty. In the present study, such estimated associations were particularly

strong for serotonin antagonists. The analgesic, acetaminophen, had a strong association with

the mortality rate and was comparable to that of opioids. Hypothetically, the type of medica-

tion combined with the duration of use or repeated use may provide further information

about an individual’s frailty.

Other unexpected associations were observed. For example, the association between use of

vitamin A and D and mortality was stronger compared to the association between insulin and

mortality. This association likely reflects general frailty. Similarly, supplementation with potas-

sium that is mainly prescribed in association with chronic use of diuretics, such as in cardiac

failure and calcium deficiencies, is perhaps mainly done in frail older adults with osteoporosis.

Prescription of a drug can also indicate that the patient has a relatively low mortality risk.

For example, in the present study, NSAIDs were only weakly associated with an increased

mortality rate. However, as risk minimization measures have been introduced in relation to

the use of NSAIDs in patients with cardiovascular disease [18–20], this weak association likely

reflects the selection of a subgroup of patients that are sufficiently healthy or strong to receive

such treatment.

For some pharmaceutical subgroups the association with mortality was unexpectedly weak.

Most major cardiovascular conditions were expected to be associated with mortality. While

some drugs in this category are commonly prescribed for hypertension and, therefore, not

expected to be strongly associated with mortality; unexpected weak associations were seen for

class I and III antiarrhythmics, cardiac stimulants (excluding cardiac glucosides; C01C), and

vasodilators (including nitrates). Speculatively, prescribers are aware of risks associated with

the use of antiarrhythmics, and therefore, use of these drugs is largely avoided in frail patients.

An important limitation of the prescription registry is that it does not cover medicines

administered in-hospital. For example, cardiac stimulants (C01C) are used in severe cardiac

failure and are likely to be associated with mortality rate. However, these drugs were not asso-

ciated with mortality rate in this study, likely due to the fact that these drugs are only adminis-

tered intravenously to hospitalized patients, and hence not recorded in the Swedish prescribed

drug registry.

The results from this study might not be directly generalizable to other settings since pre-

scription patterns vary between countries and regions, and over time. The information carried

by prescriptions might also to some extent vary depending on the population studied. In the

present study, the population of elderly men free of prostate cancer represented a specific sub-

set of the general population. For example, there was an association between use of iron and

Fig 4. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical subgroups L01A-N05B. The number of events

and total number of subjects in each category are presented in the legends. 95% confidence intervals (CI) are shown for the HRs.

https://doi.org/10.1371/journal.pone.0241439.g004
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mortality rate in our study, suggesting existence of indications for iron supplementation that

are otherwise associated with increased risk of mortality in men. However, in a population of

younger women, there could be indications for iron supplementation that are not associated

with increased risk of mortality, such as menstruation. Another example is the use of antian-

drogens (G03H) that could be expected to be associated with mortality, but not in a population

selected as free of prostate cancer at baseline. Since our research focuses on the epidemiology

of prostate cancer, our study population was restricted to males and essentially excluded men

without prostate cancer, which is a notable limitation for generalization of study results. These

observations of potentially important influence of population-selection suggest that a popula-

tion- and context-specific model might be warranted when using this type of information to

estimate baseline risk in practice. This should be further explored in future research within

this field.

In conclusion, in the present study, the majority of elderly men had a history of being pre-

scribed medications associated with an increased mortality rate. This was also seen for drug

classes not indicated for a specific comorbidity associated with increased risk of death. It may

therefore be warranted to explore the value of patients’ overall prescription history as a mea-

sure of comorbidity burden, rather than restricting such analyses to medications related to spe-

cific comorbidities. Such approach might need to be adapted to the specific context where it is

used.

Supporting information

S1 Table. All ATC-codes at the level of pharmaceutical subgroups (having four positions

in the code) observed in the study database. The number of men having at least one men-

tioning of the code during the year preceding the index date, and the number of those that

died, are provided. In PCBaSe prescriptions from all anatomical main groups A, B, C, D, G, H,

J, L, M, N, P, R, S and V are available, except the pharmacological subgroups A01, A05, A09,

A16 B02, B06 D01, D02, D03, D05, D06, D07, D08, D09, D10 G01, G02 J02, J04, J05, J06, J07

P01, P02, P03 R01, R05, V01, V03, V04, V07, and V08.

(DOCX)

S1 Fig. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical sub-

groups A02A-B01A. The number of events and total number of subjects in each category are

presented in the legends. 95% confidence intervals (CI) are shown for the HRs. The analysis

has been restricted to men with CCI = 0.

(PDF)

S2 Fig. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical sub-

groups B03A-C08D. The number of events and total number of subjects in each category are

presented in the legends. 95% confidence intervals (CI) are shown for the HRs. The analysis

has been restricted to men with CCI = 0.

(PDF)

S3 Fig. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical sub-

groups C09A-J01X. The number of events and total number of subjects in each category are

presented in the legends. 95% confidence intervals (CI) are shown for the HRs. The analysis

Fig 5. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical subgroups N05C-S03C. The number of events

and total number of subjects in each category are presented in the legends. 95% confidence intervals (CI) are shown for the HRs.

https://doi.org/10.1371/journal.pone.0241439.g005

PLOS ONE Prescriptions predicting mortality risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0241439 October 29, 2020 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241439.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241439.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241439.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241439.s004
https://doi.org/10.1371/journal.pone.0241439.g005
https://doi.org/10.1371/journal.pone.0241439


has been restricted to men with CCI = 0.

(PDF)

S4 Fig. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical sub-

groups L01A-N05B. The number of events and total number of subjects in each category are

presented in the legends. 95% confidence intervals (CI) are shown for the HRs. The analysis

has been restricted to men with CCI = 0.

(PDF)

S5 Fig. Kaplan–Meier curves and estimated hazard ratios (HR) for pharmaceutical sub-

groups N05C-S03C. The number of events and total number of subjects in each category are

presented in the legends. 95% confidence intervals (CI) are shown for the HRs. The analysis

has been restricted to men with CCI = 0.

(PDF)

Acknowledgments

We would like to thank Editage (www.editage.com) for English language editing.

Disclaimer: Rolf Gedeborg is also employed by the Medical Products Agency (MPA) in

Sweden. The MPA is a Swedish Government Agency. The views expressed in this article may

not represent the views of the MPA.

Author Contributions

Conceptualization: Rolf Gedeborg, Hans Garmo, David Robinson, Pär Stattin.

Data curation: Hans Garmo.

Formal analysis: Hans Garmo.

Funding acquisition: Pär Stattin.

Investigation: Hans Garmo.

Methodology: Rolf Gedeborg, Hans Garmo, Pär Stattin.

Project administration: Rolf Gedeborg, Pär Stattin.

Resources: David Robinson, Pär Stattin.

Supervision: David Robinson, Pär Stattin.

Validation: Hans Garmo.

Visualization: Hans Garmo.

Writing – original draft: Rolf Gedeborg, Hans Garmo, David Robinson, Pär Stattin.

Writing – review & editing: Rolf Gedeborg, Hans Garmo, David Robinson, Pär Stattin.

References
1. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity

in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–83. Epub 1987/01/

01. https://doi.org/10.1016/0021-9681(87)90171-8 PMID: 3558716

2. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding algorithms for defining

comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care. 2005; 43(11):1130–9. Epub

2005/10/15. 00005650-200511000-00010 [pii]. https://doi.org/10.1097/01.mlr.0000182534.19832.83

PMID: 16224307

PLOS ONE Prescriptions predicting mortality risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0241439 October 29, 2020 15 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241439.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241439.s006
http://www.editage.com/
https://doi.org/10.1016/0021-9681%2887%2990171-8
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1097/01.mlr.0000182534.19832.83
http://www.ncbi.nlm.nih.gov/pubmed/16224307
https://doi.org/10.1371/journal.pone.0241439


3. Wimmer BC, Bell JS, Fastbom J, Wiese MD, Johnell K. Medication Regimen Complexity and Polyphar-

macy as Factors Associated With All-Cause Mortality in Older People: A Population-Based Cohort

Study. Ann Pharmacother. 2016; 50(2):89–95. Epub 2015/12/19. https://doi.org/10.1177/

1060028015621071 PMID: 26681444

4. Wimmer BC, Bell JS, Fastbom J, Wiese MD, Johnell K. Medication Regimen Complexity and Number

of Medications as Factors Associated With Unplanned Hospitalizations in Older People: A Population-

based Cohort Study. J Gerontol A Biol Sci Med Sci. 2016; 71(6):831–7. Epub 2015/12/29. https://doi.

org/10.1093/gerona/glv219 PMID: 26707381

5. Von Korff M, Wagner EH, Saunders K. A chronic disease score from automated pharmacy data. J Clin

Epidemiol. 1992; 45(2):197–203. https://doi.org/10.1016/0895-4356(92)90016-g PMID: 1573438

6. Sylvestre E, Bouzille G, Chazard E, His-Mahier C, Riou C, Cuggia M. Combining information from a clin-

ical data warehouse and a pharmaceutical database to generate a framework to detect comorbidities in

electronic health records. BMC Med Inform Decis Mak. 2018; 18(1):9. Epub 2018/01/26. https://doi.org/

10.1186/s12911-018-0586-x PMID: 29368609

7. Sonnebring G. PcBaseSweden—a platform for prostate cancer research 2014 [updated 201401/08/

2017]. Available from: http://ki.se/en/meb/pcbasesweden-a-platform-for-prostate-cancer-research.

8. Barlow L, Westergren K, Holmberg L, Talback M. The completeness of the Swedish Cancer Register: a

sample survey for year 1998. Acta Oncol. 2009; 48(1):27–33. Epub 2008/09/04. https://doi.org/10.

1080/02841860802247664 PMID: 18767000

9. Brooke HL, Talback M, Hornblad J, Johansson LA, Ludvigsson JF, Druid H, et al. The Swedish cause of

death register. Eur J Epidemiol. 2017; 32(9):765–73. Epub 2017/10/07. https://doi.org/10.1007/s10654-

017-0316-1 PMID: 28983736

10. Wallerstedt SM, Wettermark B, Hoffmann M. The First Decade with the Swedish Prescribed Drug Reg-

ister—A Systematic Review of the Output in the Scientific Literature. Basic Clin Pharmacol Toxicol.

2016; 119(5):464–9. Epub 2016/04/27. https://doi.org/10.1111/bcpt.12613 PMID: 27112967

11. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. External review and

validation of the Swedish national inpatient register. BMC Public Health. 2011; 11:450. Epub 2011/06/

11. 1471-2458-11-450 [pii] https://doi.org/10.1186/1471-2458-11-450 PMID: 21658213

12. Hagel E, Garmo H, Bill-Axelson A, Bratt O, Johansson J-E, Adolfsson J, et al. PCBaSe Sweden: A reg-

ister-based resource for prostate cancer research. Scandinavian Journal of Urology and Nephrology.

2009; 43(5):342–9. https://doi.org/10.3109/00365590903024577 PMID: 19921977

13. Van Hemelrijck M, Garmo H, Wigertz A, Nilsson P, Stattin P. Cohort Profile Update: The National Pros-

tate Cancer Register of Sweden and Prostate Cancer data Base—a refined prostate cancer trajectory.

International Journal of Epidemiology. 2016; 45(1):73–82. https://doi.org/10.1093/ije/dyv305 PMID:

26659904

14. Vitry A, Wong SA, Roughead EE, Ramsay E, Barratt J. Validity of medication-based co-morbidity indi-

ces in the Australian elderly population. Aust N Z J Public Health. 2009; 33(2):126–30. Epub 2009/05/

06. https://doi.org/10.1111/j.1753-6405.2009.00357.x PMID: 19413854

15. Johnson ML, El-Serag HB, Tran TT, Hartman C, Richardson P, Abraham NS. Adapting the Rx-Risk-V

for mortality prediction in outpatient populations. Med Care. 2006; 44(8):793–7. Epub 2006/07/25.

https://doi.org/10.1097/01.mlr.0000218804.41758.ef PMID: 16862043

16. Clark DO, Von Korff M, Saunders K, Baluch WM, Simon GE. A chronic disease score with empirically

derived weights. Med Care. 1995; 33(8):783–95. Epub 1995/08/01. https://doi.org/10.1097/00005650-

199508000-00004 PMID: 7637401

17. Pratt NL, Kerr M, Barratt JD, Kemp-Casey A, Kalisch Ellett LM, Ramsay E, et al. The validity of the Rx-

Risk Comorbidity Index using medicines mapped to the Anatomical Therapeutic Chemical (ATC) Clas-

sification System. BMJ open. 2018; 8(4):e021122. Epub 2018/04/15. https://doi.org/10.1136/bmjopen-

2017-021122 PMID: 29654048

18. Huang SP, Wen YC, Huang ST, Lin CW, Wang TD, Hsiao FY. Nonsteroidal Anti-Inflammatory Drugs

and Risk of First Hospitalization for Heart Failure in Patients with No History of Heart Failure: A Popula-

tion-Based Case-Crossover Study. Drug Saf. 2019; 42(1):67–75. Epub 2018/09/21. https://doi.org/10.

1007/s40264-018-0720-9 PMID: 30232741

19. Schink T, Kollhorst B, Varas Lorenzo C, Arfe A, Herings R, Lucchi S, et al. Risk of ischemic stroke and

the use of individual non-steroidal anti-inflammatory drugs: A multi-country European database study

within the SOS Project. PLoS One. 2018; 13(9):e0203362. Epub 2018/09/20. https://doi.org/10.1371/

journal.pone.0203362 PMID: 30231067

20. Masclee GMC, Straatman H, Arfe A, Castellsague J, Garbe E, Herings R, et al. Risk of acute myocardial

infarction during use of individual NSAIDs: A nested case-control study from the SOS project. PLoS

One. 2018; 13(11):e0204746. Epub 2018/11/02. https://doi.org/10.1371/journal.pone.0204746 PMID:

30383755

PLOS ONE Prescriptions predicting mortality risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0241439 October 29, 2020 16 / 16

https://doi.org/10.1177/1060028015621071
https://doi.org/10.1177/1060028015621071
http://www.ncbi.nlm.nih.gov/pubmed/26681444
https://doi.org/10.1093/gerona/glv219
https://doi.org/10.1093/gerona/glv219
http://www.ncbi.nlm.nih.gov/pubmed/26707381
https://doi.org/10.1016/0895-4356%2892%2990016-g
http://www.ncbi.nlm.nih.gov/pubmed/1573438
https://doi.org/10.1186/s12911-018-0586-x
https://doi.org/10.1186/s12911-018-0586-x
http://www.ncbi.nlm.nih.gov/pubmed/29368609
http://ki.se/en/meb/pcbasesweden-a-platform-for-prostate-cancer-research
https://doi.org/10.1080/02841860802247664
https://doi.org/10.1080/02841860802247664
http://www.ncbi.nlm.nih.gov/pubmed/18767000
https://doi.org/10.1007/s10654-017-0316-1
https://doi.org/10.1007/s10654-017-0316-1
http://www.ncbi.nlm.nih.gov/pubmed/28983736
https://doi.org/10.1111/bcpt.12613
http://www.ncbi.nlm.nih.gov/pubmed/27112967
https://doi.org/10.1186/1471-2458-11-450
http://www.ncbi.nlm.nih.gov/pubmed/21658213
https://doi.org/10.3109/00365590903024577
http://www.ncbi.nlm.nih.gov/pubmed/19921977
https://doi.org/10.1093/ije/dyv305
http://www.ncbi.nlm.nih.gov/pubmed/26659904
https://doi.org/10.1111/j.1753-6405.2009.00357.x
http://www.ncbi.nlm.nih.gov/pubmed/19413854
https://doi.org/10.1097/01.mlr.0000218804.41758.ef
http://www.ncbi.nlm.nih.gov/pubmed/16862043
https://doi.org/10.1097/00005650-199508000-00004
https://doi.org/10.1097/00005650-199508000-00004
http://www.ncbi.nlm.nih.gov/pubmed/7637401
https://doi.org/10.1136/bmjopen-2017-021122
https://doi.org/10.1136/bmjopen-2017-021122
http://www.ncbi.nlm.nih.gov/pubmed/29654048
https://doi.org/10.1007/s40264-018-0720-9
https://doi.org/10.1007/s40264-018-0720-9
http://www.ncbi.nlm.nih.gov/pubmed/30232741
https://doi.org/10.1371/journal.pone.0203362
https://doi.org/10.1371/journal.pone.0203362
http://www.ncbi.nlm.nih.gov/pubmed/30231067
https://doi.org/10.1371/journal.pone.0204746
http://www.ncbi.nlm.nih.gov/pubmed/30383755
https://doi.org/10.1371/journal.pone.0241439

