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Purpose: To date, complete and long-term registrations of diseases and events are not available in every situation. As a useful proxy, 
medication usage data is very promising. For instance, real-world dispensing data from pharmacies are attractive because of the high 
validity of drug dispensing data, large sample sizes, and long-term registration. However, before application as a proxy, validity must 
be assessed. Therefore, in this study, we aim to assess the validity of various medicines used as a proxy for major adverse cardio- 
cerebrovascular events (MACCE), that is, to identify an incident or previous hospitalization for a MACCE.
Patients and Methods: Using the claims database of a large Dutch healthcare insurer, we estimated the concordance between 
hospitalization claims for MACCE and specific claims for dispensings to treat MACCE in a cohort of patients on primary preventive 
antihypertensive and/or antihyperlipidemic therapy between 2013 and 2020.
Results: In a cohort of more than 110,000 patients, a dispensing of either vitamin K antagonists, platelet aggregation inhibitors, or nitrates 
was predictive of an incident hospitalization for a MACCE between 2013 and 2020, with a sensitivity of 71.5% (95% CI: 70.4–72.5%) and 
specificity of 93.2% (95% CI 91.1–93.4%), and any history of hospitalization for a MACCE (prevalence) with a sensitivity of 86.9% (95% 
CI: 86.5–87.3%) and specificity of 81.9 (956% CI: 81.6–82.1%), while positive predicted value remains low. Sensitivity analyses across age, 
sex, and patients with asthma/COPD or diabetes showed a similarly good performance.
Conclusion: Claims for the dispensings of vitamin K antagonists, platelet aggregation inhibitors, and/or nitrates can be validly used 
as a proxy for new and previous hospitalization for MACCE in patients on primary preventive therapy. Further study is required to 
assess the validity of such dispensing claims for non-hospitalized cerebro-cardiovascular events and whether the results are general
izable in non-Dutch cohorts.
Keywords: health insurance claims, cardiovascular events, sensitivity and specificity, pharmaceutical cost groups

Introduction
One of the aims of pharmaco-epidemiology is to estimate the real-world beneficial or side effects of medications.1 

Although randomized controlled trials (RCTs) are seen as the golden standard for causal claims, the use of a RCT is not 
suitable or possible for every pharmaco-epidemiological research question.2 Therefore, the use of big data from 
secondary healthcare databases, also described as routine care data, is common.3 The use of secondary databases has 
some advantages over RCTs, such as the presence of real-world users which may differ from clinical trial study 
populations, larger sample sizes, lower costs, longer follow-up and thus increased generalizability.2 Since secondary 
databases are not necessarily designed for research purposes,3 clinically relevant factors for answering specific research 
questions may be absent.2 The use of secondary database is therefore always a trade-off between the number of available 
observations and amount and validity of available information.4

To enhance the validity of a database for research purposes, data can be enriched. Enrichment is possible by 
combining the main database with other data sources or by using available data as well as possible. A frequently applied 

Clinical Epidemiology 2025:17 327–336                                                                         327
© 2025 Steenhuis et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Epidemiology                                                                       

Open Access Full Text Article

Received: 16 December 2024
Accepted: 19 February 2025
Published: 28 March 2025

C
lin

ic
al

 E
pi

de
m

io
lo

gy
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-0190-336X
http://orcid.org/0000-0003-2175-8307
http://orcid.org/0000-0003-0849-7210
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


example of database enrichment is the use of medication proxies to indicate a patients’ medical conditions. Examples of 
such proxies include flagging insulin and/or oral hypoglycemic agent users as diabetes patients,5 or use of drugs for 
chronic airway diseases to identify patients with asthma or COPD.6 Similar proxies have been used for several other 
diseases such as cardiovascular diseases, HIV, and Parkinson’s disease.7,8 These proxies were used to estimate the 
prevalence of certain diseases9,10 or in risk-adjustment systems.11 Most of which focus on chronic conditions, in contrast 
to acute events. For example, Füssenich et al12 showed that stroke was more difficult to predict with pharmaceutical 
prescriptions than several chronic conditions.

Since cerebro-cardiovascular diseases were both globally and in Western Europe, the leading cause of death in 2019, 
with an estimated 33% of all deaths both globally and in Western Europe,13,14 research towards preventive medication for 
these diseases as well as these diseases as an outcome themselves is needed. Unfortunately, not every secondary database 
contains the desired outcome; hence, enrichment of these databases using proxies is an important method for investigat
ing the relationship between available information in the database and an unavailable outcome. Therefore, a validated 
medication proxy for both history of, and incident cerebro-cardiovascular events is important to support studies and 
findings based on medication-use databases.

In this study, we will replicate the validation study by Pouwels et al,15 who presented the accuracy of several 
medication proxies for the identification of incident and prevalent major cerebro-cardiovascular events. The study by 
Pouwels et al15 was based on data from 2008 and 2009 of approximately 17,000 patients with type 2 diabetes. We 
focused on the same medication classes as Pouwels et al15 to recreate the same type of results. Next to that, these 
medication classes are shown to be clinically relevant as they are found among have the highest prevalence in patients 
with cerebro-cardiovascular diseases by Ma et al.16

Access to the large healthcare insurance claims database provided us the opportunity to repeat the analysis with more 
recent data from 2013 to 2021 and for a larger population of primary preventive patients starting any anti-hypertensive or 
anti-lipidemic drug. The aim is to examine the accuracy of the proposed medication proxies. Subgroup analyses were 
planned according to age, sex, and relevant comorbidities such as diabetes.

Methods
Study Design and Data Source
Using the claims database of a large Dutch healthcare insurer, we conducted a retrospective population-based inception cohort 
study. This database contains claims from at least two million people over more than five years and covers a representative 
sample of about 12% of the Dutch population.17 For the time someone is insured, the database, except for over-the-counter 
medication, is complete regarding pharmaceutical dispensings and hospital admissions. To enhance transparency for patients, 
healthcare providers, and health insurers, the Dutch diagnose–behandel–combinatie (diagnosis–treatment–combination; DBC) 
system is developed for managing declarations. Unfortunately, there is no direct mapping from this system to international coding 
systems, such as the International Classification of Diseases tenth revision (ICD-10), so a diagnosis is not available in this type of 
claims data. Nevertheless, we tried to add the closest related ICD-10 code in Supplementary Table A. Due to the large number of 
participants in combination with de-identified data, informed consent was not required.18

Study Population
We used the same dataset as in a previous study19 in which we included adult patients who started any antihypertensive 
and/or antihyperlipidemic therapy anywhere between 2013 and 2020. The index date was defined as the date of the initial 
claim for dispensing antihyperlipidemic or antihypertensive drugs. To be included in this cohort study, patients were 
required to have a minimum of two years of medical history in the claims database prior to the index date and at least two 
claims for dispensing antihyperlipidemic or antihypertensive drugs within one year after the index date, and patients were 
required to be 19 years or older on the index date. Patients were followed for a maximum of 10 years, with the end of the 
follow-up period, patient death, or patient stopping insurance, whatever came first, indicating the end of follow-up. More 
information about the inclusion and exclusion criteria and the definition of antihyperlipidemic and antihypertensive 
therapy can be found in Steenhuis et al.19
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Cerebro-Cardiovascular Drugs
In this study, we used claims for dispensing the following cerebro-cardiovascular drugs as a proxy for a hospitalization 
for cerebro-cardiovascular events: Vitamin K antagonists (with ATC code starting with B01AA), platelet aggregation 
inhibitors (B01AC), and nitrates (C01DA). Each of these three classes were tested separately, as well as the combination 
of Vitamin K antagonists and platelet aggregation inhibitors; and the combination of all the three abovementioned 
medication classes. In the case of a combination of drugs, the first claim for dispensing one of the drug classes was used 
as an identifier for a cerebro-cardiovascular event.

Identification of Hospitalization for Incident MACCE
We aimed to evaluate whether we can validly identify patients with an incident major acute cerebro-cardiovascular event 
using different claims for dispensing drugs for the treatment of cerebro-cardiovascular diseases. For this purpose, the first 
MACCE hospitalization (based on a claim in Supplementary Table A) was defined as an incident MACCE. All first 
MACCE hospitalizations after the index date were defined as incident cases. We were interested in cerebro- 
cardiovascular drug treatment initiation, defined as the first claim of dispensing a cerebro-cardiovascular drug with no 
such claim of dispensing that drug in the 730 days before the first dispensing. Patients who already had at least one claim 
of dispensing the drug of interest or had a MACCE hospitalization in the 730 days before or 90 days after their index date 
were excluded from this analysis. Drugs dispensed for the first time between 30 days before and 90 days after the 
MACCE hospitalization event were considered true positives, when dispensed more than 30 days before or more than 90 
days after the MACCE hospitalization or when there was no hospitalization as a false positive, and when not dispensed 
during the entire follow-up period, while there was a MACCE hospitalization as a false negative. Identification window 
of 30 days before and 90 days after the incident MACCE hospitalization were set equal to the study of Pouwels et al.15

Identification of History of Hospitalization for MACCE
The outcome was defined as the first MACCE hospitalization (based on a claim in Supplementary Table A) after 2012. 
Drug dispensings 30 days before or any time after the MACCE hospitalization event were considered as true positives, 
when dispensed more than 30 days before the hospitalization or when there was no hospitalization as a false positive, and 
when not dispensed while there was a hospitalization as a false negative. Patients who left the database within two years 
of their first hospitalization (by either leaving the health insurer or death) were excluded from the analysis. Patients with 
a cerebro-cardiovascular drug dispensing or MACCE hospitalization before the defined outcome were excluded from the 
analysis. Identification window of 30 days before and unlimited time after the MACCE hospitalization were set equal to 
the study of Pouwels et al.15

Statistical Analysis
We analyzed the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy, area 
under receiver operating characteristic curve (AUROC)20 and Cohen's Kappa20,21 of medications relative to history of or 
incident MACCE hospitalizations. We chose to report all accuracy measures, as the priority of accuracy measures largely 
depends on the type of research.22 Confidence intervals for the sensitivity, specificity, PPV, NPV, and accuracy were 
calculated using the exact method of Clopper and Pearson,23 with a significance level of 5%. All calculations were 
performed using SAS Enterprise Guide 9.4.

Sensitivity Analyses
The above-mentioned analyses were repeated for the following subgroups: patients who started antihyperlipidemic 
therapy only, patients who received antihypertensive therapy only, patients who started both antihypertensive and 
antihyperlipidemic therapy, patients with diabetes, patients with asthma/COPD, men, women, and three different age 
groups. Patients who received at least 180 DDD of blood glucose-lowering drugs (ATC code starting with A10) within 
a year or had a hospital claim related to diabetes at any time during the study period were classified as having diabetes 
(Supplementary Table B1). Similarly, patients were classified as having asthma/COPD when they received at least 180 
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DDD of glucocorticoids (R03BA), adrenergics in combination with corticosteroids (R03AK), adrenergics in combination 
with anticholinergics (R03AL) within a year, or had a hospital claim related to asthma and/or COPD (Supplementary 
Table B1). Selection of subgroups was based on variables that can add to cardiovascular risk.14

Furthermore, to identify incident hospitalizations for MACCE, we performed a sensitivity analysis by varying the 
identification window. Varying the number of days before the hospitalization with 45, 15 and 0 and the number of days 
after the event with 60 and 120 days.

Results
Identification of Incident Hospitalization for MACCE
A total of 113,896 patients receiving primary preventive antihypertensive and/or antihyperlipidemic therapy were 
selected for analysis. More than half (52.2%) of the study population was male, with a mean age of 58.1 years (SD: 
13.0). A total of 5.6% were diagnosed with diabetes and 8.1% were diagnosed with asthma/COPD. Of the 113,896 
patients, 31,383 (27,6%) started antihyperlipidemic therapy, 77,947 (68,4%) started antihypertensive therapy, and 4,566 
(4,0%) started both hyperlipidemic and antihypertensive therapy. In total, 10,965 patients (9,6%) were hospitalized for 
MACCE after the index date (Table 1).

Three different medication proxies (Vitamin K antagonists, platelet aggregation inhibitors, and nitrates) for the 
identification of a hospitalization for an incident MACCE had a sensitivity ranging from 2.2% to 66.2% and a PPV 
ranging from 13.7% to 50.2%. Specificity and NPV for the three different proxies were more similar (94.6–98.6% resp. 
90.9–97.2%). Combining the three different proxies increased the sensitivity to 71.5% (95% confidence interval [95% 
CI]: 70.4–72.5%), whereas the PPV was 44.9% (95% CI: 44.0–45.8, Table 2). Platelet aggregation inhibitors were the 
most important proxy.

Identification of History of MACCE Hospitalization
For the second analysis, we selected a total of 136,703 patients who started antihypertensive and/or antihyperlipidemic 
therapy. Demographics of this patient group were similar to those of the previous analysis. The largest difference was in 
the percentage of patients who started antihypertensive therapy or the combination of antihypertensive and antihyperlipi
demic therapy. In total, 25.4% of the patients had a recorded history of a hospitalization for a cerebro-cardiovascular 
event (Table 1).

Table 1 Baseline Characteristics of Both Patients’ Groups That Were Used for Analysis

Cohort for Identification of the  
Hospitalization for an Incident MACCE

Cohort for Identification of the  
History of Any Hospitalization for a MACCE

N 113,896 136,703

Age, mean, years (SD) 58.1 (13) 58.6 (12.9)

Men, n (%) 59,428 (52.2%) 74,924 (54.8%)

Diabetic, n (%) 6,425 (5.6%) 7,071 (5.2%)

Asthma/COPD, n (%) 9,221 (8.1%) 11,069 (8.1%)

Antihyperlipidemic, n (%) 31,383 (27.6%) 38,939 (28.5%)

Antihypertensive, n (%) 77,947 (68.4%) 82,085 (60.0%)

Both, n (%) 4,566 (4.0%) 15,679 (11.5%)

MACCE after indexdate, n (%) 10,965 (9.6%)

Any MACCE, n (%) 34,756 (25.4%)

Abbreviations: SD, Standard Deviation; COPD, Chronic obstructive pulmonary disease; MACCE, Major Adverse Cerebro-Cardiovascular event.
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The three different medication proxies showed a sensitivity ranging from 5.2% to 83.9% and a PPV ranging from 
29.8% to 72.9%. The specificity and NPV showed ranges that were closer together but wider than those used for the 
identification of hospitalizations for incident MACCE. Combining the three proxies increased the sensitivity to 86.9% 
(95% CI: 86.5–87.3%) (Table 3).

Sensitivity Analyses
All results of the sensitivity analyses pointed in the same direction as the main analyses. We noted a difference in the 
sensitivity of the proxy for hospitalization for an incident MACCE in patients who started antihyperlipidemic versus 

Table 2 Identifying Incident Hospitalizations for an MACCE

Drug Prescription Vitamin K 
Antagonists

Platelet Aggregation 
Inhibitors

Nitrates Vitamin K 
Antagonists / Platelet 
Aggregation 
Inhibitors

Vitamin 
K Antagonists / Platelet 
Aggregation 
Inhibitors / Nitrates

True Positives 219 5,128 1,901 5,067 5,058

False Positives 1,381 5,097 2,145 5,713 6,211

True Negatives 99,147 89,295 100,272 86,337 85,581

False Negatives 9,868 2,616 7,756 2,177 2,019

Sensitivity (95% CI) 2.2 (1.9–2.5) 66.2 (65.2–67.3) 19.7 (18.9–20.5) 69.9 (68.9–71) 71.5 (70.4–72.5)

Specificity (95% CI) 98.6 (98.6–98.7) 94.6 (94.5–94.7) 97.9 (97.8–98) 93.8 (93.6–93.9) 93.2 (93.1–93.4)

Accuracy (95% CI) 89.8 (89.7–90) 92.4 (92.3–92.6) 91.2 (91–91.3) 92.1 (91.9–92.2) 91.7 (91.5–91.8)

Kappa (95% CI) 0.01 (0–0.03) 0.53 (0.52–0.54) 0.24 (0.22–0.25) 0.52 (0.51–0.53) 0.51 (0.5–0.52)

AUROC (95% CI) 0.5 (0.5–0.51) 0.8 (0.8–0.81) 0.59 (0.58–0.59) 0.82 (0.81–0.82) 0.82 (0.82–0.83)

PPV (95% CI) 13.7 (12–15.5) 50.2 (49.2–51.1) 47 (45.4–48.5) 47 (46.1–48) 44.9 (44–45.8)

NPV (95% CI) 90.9 (90.8–91.1) 97.2 (97–97.3) 92.8 (92.7–93) 97.5 (97.4–97.6) 97.7 (97.6–97.8)

Abbreviations: AUROC, Area Under Receiver Operating Characteristic curve; P(/N)PV, Positive(/Negative) Predictive Value.

Table 3 Identifying History of a Hospitalization for a MACCE

Drug Prescription Vitamin K 
Antagonists

Platelet Aggregation 
Inhibitors

Nitrates Vitamin K 
Antagonists / Platelet 
Aggregation 
Inhibitors

Vitamin K Antagonists / 
Platelet Aggregation 
Inhibitors / Nitrates

True Positives 1,721 25,153 10,153 25,099 25,025

False Positives 3,795 13,908 3,607 16,624 17,529

True Negatives 97,770 87,906 99,019 84,721 83,881

False Negatives 31,916 4,886 23,294 4,057 3,818

Sensitivity (95% CI) 5.1 (4.9–5.4) 83.7 (83.3–84.2) 30.4 (29.9–30.9) 86.1 (85.7–86.5) 86.8 (86.4–87.2)

Specificity (95% CI) 96.3 (96.1–96.4) 86.3 (86.1–86.6) 96.5 (96.4–96.6) 83.6 (83.4–83.8) 82.7 (82.5–82.9)

Accuracy (95% CI) 73.6 (73.4–73.8) 85.7 (85.6–85.9) 80.2 (80–80.4) 84.2 (84–84.4) 83.6 (83.4–83.8)

Kappa (95% CI) 0.02 (0.01–0.03) 0.63 (0.63–0.64) 0.33 (0.33–0.34) 0.6 (0.6–0.61) 0.59 (0.59–0.6)

AUROC (95% CI) 0.51 (0.51–0.51) 0.85 (0.85–0.85) 0.63 (0.63–0.64) 0.85 (0.85–0.85) 0.85 (0.85–0.85)

PPV (95% CI) 31.2 (30–32.4) 64.4 (63.9–64.9) 73.8 (73–74.5) 60.2 (59.7–60.6) 58.8 (58.3–59.3)

NPV (95% CI) 75.4 (75.2–75.6) 94.7 (94.6–94.9) 81 (80.7–81.2) 95.4 (95.3–95.6) 95.6 (95.5–95.8)

Abbreviations: AUROC, Area Under Receiver Operating Characteristic curve; P(/N)PV, Positive(/Negative) Predictive Value.
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antihypertensive therapy. A higher sensitivity was observed in the group of patients with diabetes (Table 4). Next to that, 
we noted a lower sensitivity, specificity, PPV, NPV, and accuracy in all sensitivity analyses in which the identification 
window before the event was set to zero days. The results of other proxies and those of the proxy for any history of 
hospitalization for a cardiovascular event can be found in Supplementary Tables C and D).

Discussion
In the group of patients starting primary preventive antihypertensive and/or antihyperlipidemic drug therapy, more than 
70% of the hospitalizations for incident MACCE and 86% of a history of such hospitalizations could be identified using 
the proxy of a single claim for a dispensing of either platelet aggregation inhibitors, nitrates, or vitamin K antagonists.

Our three medication classes (ATC: B01AA, B01AC, and C01D) contained the drugs found as having the highest 
prevalence (excluding the drugs we defined as antihypertensive and antihyperlipidemic therapy) in patients with cerebro- 
cardiovascular diseases by Ma et al.16 Based on their research, the addition of furosemide (C03CA01) or the complete 
class of drugs plain sulfonamides (C03CA) could be an addition to our best medication proxy for identifying cardio
vascular events. Less than 80 patients or 4% of the false negatives could be identified using plain sulfonamides. Although 

Table 4 Sensitivity Analysis for Identifying Incident Hospitalizations for a MACCE

TP FP TN FN Sensitivity  
(95% CI)

Specificity  
(95% CI)

Accuracy  
(95% CI)

Kappa  
(95% CI)

AUROC  
(95% CI)

Total 5,058 6,211 85,581 2,019 71.5 (70.4–72.5) 93.2 (93.1–93.4) 91.7 (91.5–91.8) 0.51 (0.5–0.52) 82.4 (81.9–82.8)

Starting medication

Antihyperlipidemics 1,292 1,450 22,451 387 77 (74.9–78.9) 93.9 (93.6–94.2) 92.8 (92.5–93.1) 0.55 (0.53–0.57) 85.4 (84.5–86.3)

Antihypertensives 3,576 4,531 60,631 1,567 69.5 (68.3–70.8) 93 (92.8–93.2) 91.3 (91.1–91.5) 0.49 (0.48–0.51) 81.3 (80.7–81.8)

Comorbidities

Diabetes 1,004 1,055 12,134 255 79.7 (77.4–81.9) 92 (91.5–92.5) 90.9 (90.5–91.4) 0.56 (0.53–0.58) 85.9 (84.9–86.7)

COPD 776 1,167 9,383 325 70.5 (67.7–73.2) 88.9 (88.3–89.5) 87.2 (86.6–87.8) 0.44 (0.42–0.47) 79.7 (78.6–80.7)

Sex

Men 3,117 3,296 42,939 1,088 74.1 (72.8–75.4) 92.9 (92.6–93.1) 91.3 (91.1–91.6) 0.54 (0.53–0.55) 83.5 (82.9–84)

Women 1,941 2,915 42,642 931 67.6 (65.8–69.3) 93.6 (93.4–93.8) 92.1 (91.8–92.3) 0.46 (0.45–0.48) 80.6 (79.8–81.3)

Age

< 50 742 1,115 24,037 419 63.9 (61.1–66.7) 95.6 (95.3–95.8) 94.2 (93.9–94.5) 0.46 (0.44–0.49) 79.7 (78.4–81)

50–69 1,269 1,537 13,591 483 72.4 (70.3–74.5) 89.8 (89.3–90.3) 88 (87.5–88.5) 0.49 (0.47–0.51) 81.1 (80.3–81.9)

70+ 3,047 3,559 47,953 1,117 73.2 (71.8–74.5) 93.1 (92.9–93.3) 91.6 (91.4–91.8) 0.52 (0.51–0.54) 83.1 (82.6–83.7)

Identification window

(−45,90) 5,151 6,118 85,581 2,019 71.8 (70.8–72.9) 93.3 (93.3–93.5) 91.8 (91.6–91.9) 0.52 (0.51–0.53) 82.6 (82.1–83)

(−15, 90) 4,881 6,388 85,581 2,019 70.7 (69.6–71.8) 93.1 (93.1–93.2) 91.5 (91.3–91.7) 0.49 (0.48–0.5) 81.9 (81.4–82.3)

(0, 90) 4,181 7,088 85,581 2,019 67.4 (66.3–68.6) 92.4 (92.4–92.5) 90.8 (90.6–91) 0.43 (0.42–0.44) 79.9 (79.4–80.4)

(−30,60) 5,113 6,684 85,581 2,094 70.9 (69.9–72) 92.8 (92.8–92.9) 91.2 (91–91.4) 0.49 (0.48–0.5) 81.9 (81.4–82.3)

(−30,120) 4,943 5,886 85,581 1,962 71.6 (70.5–72.6) 93.6 (93.6–93.7) 92 (91.9–92.2) 0.52 (0.51–0.53) 82.6 (82.1–83)

(−45,120) 5,030 5,799 85,581 1,962 71.9 (70.9–73) 93.7 (93.7–93.8) 92.1 (91.9–92.3) 0.52 (0.51–0.53) 82.8 (82.3–83.2)

(0,60) 4,204 7,593 85,581 2,094 66.8 (65.6–67.9) 91.9 (91.9–92) 90.3 (90.1–90.4) 0.42 (0.41–0.43) 79.3 (78.8–79.8)

Abbreviations: TP, True Positives; FP, False Positives; TN, True Negatives; FN, False; AUROC, Area Under Receiver Operating Characteristic Curve.
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looking at a Scottish and slightly different study population (patients not necessarily on antihypertensive and/or 
antihyperlipidemic therapy), the results of Payne et al24 pointed in the same direction and found a difference in sensitivity 
between nitrates and platelet aggregation inhibitors of the same order. Finally, compared to Pouwels et al15 we found 
approximately the same sensitivity and specificity. Both the PPV and NPV were significantly higher than those reported 
by Pouwels et al15 but this could be explained by different study populations. Since they used a diabetes-only population, 
the incidence and prevalence of MACCE will differ, which affects both the PPV and NPV.25,26 This even holds when 
looking at a diabetes-only population (Table 4 and Supplementary Table C), since we examined a group of patients with 
diabetes using primary preventive cerebro-cardiovascular therapy (antihyperlipidemic and/or antihypertensive medica
tion), while Pouwels et al15 studied an unselected group of patients with type II diabetes.

Using our best medication proxy, we correctly identified 71.5% of the incident hospitalizations for MACCE. The 
inability to identify the other 28.5% could have several reasons: Firstly, patients died, which may or may not be a result 
of the MACCE, or left the database before they were able to recover and pick up a prescription. In our dataset, we could 
not determine the cause of death for those who died before hospitalization, but only less than 1% of the patients who 
were hospitalized for a cerebro-cardiovascular event (our cases) died within 90 days after the hospitalization, while 
another less than 1% of the patients with a hospitalization for a MACCE left the database within 90 days. Hence, this 
does not explain the 28.5% unidentifiable cases. Secondly, patients were prescribed other types of cerebro-cardiovascular 
drug therapy. After an extensive search for any other types of medications prescribed in case of a hospitalization for 
a cerebro-cardiovascular event, only proton pump inhibitors (A02BC) appeared more frequently; however, these drugs 
are used for gastric protection when aspirin is prescribed27 and hence do not qualify as a proxy. Furthermore, direct 
acting oral anticoagulants (B01AF) could be an addition to the proxy as the next cerebro-cardiovascular event related 
medication in the list, but they were only found in less than 15% of the false negatives. Next to that, the classes of 
medication our study population was based on could be a possible identifier for hospitalization for cardiovascular events. 
Therefore, statins could be an identifier for hospitalization for a cardiovascular event in cases where the patient is on 
antihypertensive therapy (Supplementary Table E), or vice versa. Using antihyperlipidemic or antihypertensive therapy as 
a proxy in our dataset could identify approximately 2.8% of incident MACCE hospitalizations. Thirdly, patients were not 
prescribed relevant medications for the treatment of MACCE. This could be the case when patients experience a less 
severe cerebro-cardiovascular event, such as a TIA.

Up to 50.2% of the patients (depending on the proxy) who were classified as a MACCE hospitalization were actually 
hospitalized. Although the selected medication proxies are mainly prescribed in the case of a cardiovascular event, not all 
cardiovascular events are severe enough or noticed in a timely manner such that a patient goes to a hospital within the 
time window we set. Hence, these claims for a dispensing could indicate a MACCE which did not lead to 
a hospitalization.

In the sensitivity analysis, a higher sensitivity was observed for patients with diabetes, starting with anti
hyperlipidemic medication and men. This could be a result of subgroups already having a higher risk of suffering 
from a MACCE.28,29 A lower sensitivity and AUROC scores can be found in the subgroups with an age less than 
50, women and those with COPD, which could be a result of a lower risk of suffering from a MACCE.28,29 Next 
to that, lower sensitivity, specificity, PPV, NPV, and accuracy were observed when the identification window 
before the hospitalization was set to zero. This indicates that patients were prescribed medication for the treatment 
before the actual event and could be a result of medication being prescribed preoperatively.

To determine the most useful proxy, sensitivity and specificity values for each proxy were added. Based on a cut-off value 
of 1.5 for sensitivity + specificity,26 we conclude that the proxies based on platelet aggregation inhibitors only; platelet 
aggregation inhibitors and/or vitamin K antagonists; or platelet aggregation inhibitors and/or vitamin K antagonists and/or 
nitrates were all useful proxies for identifying incident MACCE hospitalizations as well as a history of such hospitalization. 
Kappa values for the abovementioned proxies for both hospitalization for incident MACCE as well as any history of 
MACCE hospitalization ranged from 0.51 to 0.6, indicating a moderate agreement between the proxy and events.30 This was 
also true for all investigated subgroups. AUROC scores for these three proxies for both outcomes were above 0.8, indicating 
a very good diagnostic accuracy.31 Furthermore, all our proxies had a specificity over 93%, which indicates that the 
association between our proxies and the outcome is less likely due to other variables, hence a larger probability of 
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a causal relationship between proxy and outcome (or the other way around) can be assumed.32 The PPV of all proxies for the 
identification of an incident hospitalization for a MACCE is low. Low PPV follows from a low number of true positives in 
relation to false positives. Higher PPV can be seen if medication dispensings can be used as a identifier for a GP diagnoses as 
well.15 The results in this study are based on Dutch claims database. Therefore, one should be careful in generalizing these 
results towards other countries, since different prescribing guidelines could cause misclassification and less access to 
pharmacies can underidentify severe cases of MACCE. Nevertheless, the results of this study can be used in database in 
which only pharmaceutical data is available to enhance the data.

The medication classes used in this research partly overlapped with some pharmaceutical cost groups used in the 
Dutch risk-adjustment system.33 However, it should be kept in mind that the latter was intended to predict healthcare 
costs of the chronically ill, while we focused on the identification of an event.

Using more advanced statistical techniques or adding variables, such as age or sex, could improve the prediction 
model used. However, this comes with the risk of creating a model that is much more difficult to understand or the need 
to gather more data than is available. The strength of the designed model is that it can be used in every database where 
medication use information is available.

Conclusion
The combined medication proxy of any claim for a dispensing of either vitamin K antagonists, platelet aggregation 
inhibitors, or nitrates could accurately identify 71.5% of the hospitalizations for an incident MACCE in patients on 
primary preventive antihypertensive and/or antihyperlipidemic therapy, while it could correctly identify 86.9% of 
the patients on primary preventive antihypertensive and/or antihyperlipidemic therapy who were hospitalized for 
a cerebro-cardiovascular event before the claim for a dispensing of their medication. Nevertheless, PPV of all 
proxies was low for identifying a hospitalization for an incident MACCE. Further research is required to 
determine whether these (or other) proxies can identify cardiovascular events without a hospitalization, or milder 
cerebro-cardiovascular events such as a TIA as well.
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