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Abstract

Objectives: Given the limited evidence on healthcare service delivery patterns for patients with
Alzheimer’s disease (AD) in Iran, this study aimed to analyze outpatient visits, hospitalizations,
and medication use pathways among AD patients using national health insurance data.

Materials and Methods: In this retrospective study, data on physician visits, hospital admissions,
and medication utilization of patients diagnosed with Alzheimer’s disease between 2019 and 2022
were extracted from the Iranian Health Insurance Organization database. After data preprocessing,
the records were transformed into event logs. Process discovery and analysis of care pathways for
patients with and without comorbidities were conducted using Apromore and RapidMiner
software.

Results: A total of 35,295 patients with comorbid conditions were identified, accounting for
136,444 healthcare visits (mean: 3.8 visits per patient), with a mean age of 71.5 years. The average
process duration in this group was 9.5 months, with a mean of 32 physician visits and 22 hospital
admissions during the study period.
In contrast, 125,080 patients without comorbidities accounted for 395,915 visits (mean: 3.1 visits
per patient) and had a mean age of 74.8 years. The average process duration for this group was 7.2
months, with mean numbers of 30 physician visits and 9 hospital admissions. Patients with
diabetes, hypertension, and neurological disorders incurred the highest medication-related costs.
Donepezil and memantine were the most frequently prescribed medications.

Conclusion: By reporting process-level insights and demonstrating the impact of comorbidities
on healthcare utilization, hospitalization frequency, medication costs, and treatment duration in
patients with Alzheimer’s disease, this study highlights the value of process mining as an effective
analytical tool for health and medical data analysis.

Keywords: Alzheimer’s Disease; Care Pathways; Treatment Costs; Healthcare Utilization;
Medication Use; Process Mining; Health Insurance

Extended abstract
Introduction

Alzheimer’s disease (AD), the most prevalent form of dementia and a primary cognitive disorder,
affects approximately 1.5 million people in the Middle East and 35.6 million across the world. In
addition to its human and social impact, AD causes a significant economic burden. healthcare and
pharmaceutical related costs for those who are afflicted to AD are three times higher than for the
general population [6]. It is estimated that in Iran, each AD patient spends about 4345, 1313$ and
2480$ for mild, moderate and severe stages respectively [7]. Thus, it is vital to estimate the
economic burden of Alzheimer in order to apprise reimbursement decisions, asses the related costs,



provide scientific evidence for policy-making, and optimize the allocation of limited healthcare
resources within the economics of aging-related conditions.

Methods and Materials

Process mining [12] is an emerging machine learning paradigm that has demonstrated strong
performance across diverse applications. It is done through a set of analytical techniques which
analyzes temporal relationships between activities and resources associated with processes.
Pathways of disease treatment using process mining has been investigated by several studies,
particularly on oncology, surgery, and cardiology where well-structured data is readily available
[13]. However, since there is little information about Alzheimer’s disease progress and treatment
pathways, it has been often overlooked. However, by automatically extracting process models
from historical records, process mining holds great potential for uncovering prescribing/dispensing
patterns, changes in medication regimens, identifying costly points in treatment pathways for
different patient groups, and managing chronic, complex diseases like AD that require long-term,
multidisciplinary interventions. It is almost impossible to achieve these goals using descriptive
reports or traditional statistical methods.

This study employed the data extracted from the health insurance database including personal
information (age, sex, etc.), prescribed anti-dementia medications (donepezil, rivastigmine,
galantamine, or memantine), AD-related medical costs, and residential area. Medical costs
associated with AD refer to drug expenditures for patients with a primary AD diagnosis. The study
population comprised all insured individuals covered by social health insurance who received a
primary AD diagnosis (ICD-10 code G-30) between 2019 and 2022, encompassing over 500,000
physician visits. Following the conversion of raw data into an event log, 532,358 from 160,375
patients were identified as the final study population—all diagnosed with AD and prescribed at
least one of the four cognitive enhancers. Female visits constituted 276,051 (52%) of the total,
while male visits constituted 256,085 (48%). The mean observation period was 4 years, with a
mean patient age of 74 years.

Results

The comorbidity group consisted of 35,295 patients who accounted for 136,444 physician visits
(average 3.8 visits per patient) and had a mean age of 71.5 years. On average, the process length
for this group was 9.5 months, involving a variety of activities (e.g., visitl, prescriptionl, drug
deliveryl, visit2, hospitalizationl, dischargel, etc.). Filtering the infrequent activities and
presenting 80% of the most frequent ones indicated that the 32nd physician visit and the 22nd
hospitalization were among the last frequent activities in this group. On the other hand, the non-
comorbidity group included 125,080 patients with 395,915 physician visits (average 3.1 per
patient) and a mean age of 74.8 years. The average process length was 7.2 months including220
distinct activities. The most frequent activities for this group were the 30th physician visit and the
9th hospitalization which shows significant differences between the two groups. Furthermore, the
readmission and revisit rate were notably higher in the comorbidity group (0.65) compared to the
non-comorbidity group (0.43) the findings of the process-mining are consistent with previous
statistical/simulation studies. The findings highlight age and comorbidities as the factors affecting



readmission and length of stay, whereas dementia severity is not an affective factor. Total
prescribed pharmaceutical costs were around71 billion IRR (180,000 IRR per prescription) for the
non-comorbidity group. For the comorbidity group this figure rose to approximatelyl18 billion
IRR (870,000 IRR per prescription). The average annual drug cost across the study population was
around95 billion IRR (~$826,000 USD at 115,000 IRR/USD). Subgroups with diabetes (~7 billion
IRR), hypertension (~4.7 billion IRR), and brain disorders (~2.5 billion IRR) had the highest drug
costs (Table 1). High healthcare cost characteristics included number of prescriptions and
comorbidities. Total cost per drug dose is shown in figure 4. Among the most frequently used
medications were Donepezil and Memantine (various doses), each accounting for about 40% of
all purchases. Donepezil had 231,117 prescriptions (15,104,397 units) at a cost of toughly 5.5
billion IRR. Memantine followed closely with 217,419 prescriptions (15,423,870 units) costing
around 2 billion IRR. In provinces with high referral rates, the frequently prescribed drugs included
donepezil (5,10 mg), memantine (5,10 mg), and rivastigmine (3 mg) (Figure 5). Gilan and Qom
provinces utilized Memantine at 21 mg and 14 mg instead of Rivastigmine 1.5 mg, which was
common in other provinces. This difference may indicate a higher severity of the disease in these
regions. The highest number of memantine 21 mg prescriptions occurred in Isfahan (Figure 6).
These observations suggest that a more in-depth investigation of Alzheimer’s patterns is necessary
in Isfahan, Gilan, and Qom, as these provinces potentially exhibit greater disease severity.
Conclusion

In public health policy, stable drug treatment in dementia has received less attention than early
diagnosis, and only a few national studies have delved into the topic [18]. The findings of this
study provide significant economic insights. The approximate 95 billion IRR annual cost of
medications indicates the substantial burden of Alzheimer’s disease. The comorbidity group had
over double the drug costs, highlighting the need for targeted interventions and comprehensive
management. Although donepezil and memantine each involved 40% of drug volume, the total
cost of donepezil was 2.7 times higher, suggesting that insurance and procurement policies could
be reviewed. The purpose of this study was to describe Alzheimer’s treatment pathways using
process mining algorithms. One of the main strengths of this research was is the large, real-world
dataset, which included about170,000 individuals across Iran over four years, enabling detailed
subgroup (e.g., provincial) analysis. This multi-ethnic urban population may not fully reflect the
diversity of wealth and/deprivation, it provides useful insights into a specific population.
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