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Introduction: The global prevalence of human immunodeficiency virus (HIV) remains substantial, particularly in regions with 
limited resources, despite the progress in scientific knowledge and the accessibility of antiretroviral therapy (ART). ART is the 
cornerstone of HIV treatment. Ensuring proper adherence to medication therapy is essential for effective HIV infection control. 
Meanwhile, Latvia reported one of the highest rates of HIV infections among EU countries.
Purpose: This study aimed to assess adherence levels to ART among long-term users by utilizing the National Health Service 
prescription electronic database records. It is essential to determine whether non-adherence is a problem at the state level.
Patients and Methods: This retrospective study was conducted utilizing the Latvian National Health Service’s reimbursed 
prescription database, covering the period from January 2017 to December 2018. The analysis included ART prescriptions. 
Medication adherence was assessed using a Proportion of Days Covered (PDC) calculation. The adherence rates were categorized 
into three groups: (1) < 80% (non-adherence), (2) 80% to 90% (suboptimal adherence), and (3) > 90% (optimal adherence) groups.
Results: A total of 25,892 ARV medicines prescription records for 1471 patients were analysed. The adherence level of long-term 
ART was 38.3%. Of all patients, only 37 (2.5%) had achieved an optimal and 25 (1.7%) suboptimal adherence level. Meanwhile, the 
remaining patients (95.8%) were identified as non-adherent to therapy. It has been determined that 96.1% (n=1414) of patients 
experienced a time gap of more than 90 days between their prescriptions at least once. On average, each patient had 3.5 of these gaps, 
with a maximum of 7 times.
Conclusion: Medication adherence level to ART is low in Latvia. Less than 3% of patients achieved optimal adherence levels with 
a PDC higher than 90%. These results are concerning. Further studies and interventions must be conducted to enhance adherence levels.
Keywords: HIV, AIDS, ART, PDC, National Health Service

Introduction
Human Immunodeficiency Virus (HIV) is undeniably a significant global health problem. According to World Health 
Organisation data, an estimated 39.0 million [33.1–45.7 million] people were living with HIV at the end of 2022.1 

Despite the advancements in medical science and the availability of antiretroviral therapy (ART), HIV continues to 
impact millions worldwide, particularly in resource-limited regions. Meanwhile, Latvia reported one of the highest rates 
of HIV infections among EU countries.1–3

HIV is a virus that attacks the body’s immune system, specifically CD4 cells, which play a vital role in helping the 
body fight off infections.4 If left untreated, HIV can lead to acquired immunodeficiency syndrome (AIDS), a condition 
where the immune system is severely weakened, leaving individuals susceptible to life-threatening illnesses.1,5–8 There is 
no cure for HIV infection. However, with access to effective HIV prevention, diagnosis, treatment and care, including for 
opportunistic infections, HIV infection has become a manageable chronic health condition, enabling people with HIV to 
live long and healthy lives.9–12
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ART is the cornerstone of HIV treatment. ART consists of a combination of medications that work to suppress the 
replication of the virus in the body, slowing down the progression of HIV and reducing the viral load to undetectable 
levels.7,13 Achieving and maintaining an undetectable viral load is a key goal of HIV treatment, as it not only improves 
the individual’s health but also prevents the transmission of the virus to others.5,14,15

Adherence to ART is consistent and timely prescription medication intake as directed by healthcare professionals.16 It 
is paramount in managing HIV effectively for several reasons, such as viral suppression, delaying disease progression, 
reducing drug resistance, improved quality of life, and preventing transmission.17,18 However, adherence to ART can be 
challenging for some individuals due to various factors, including medication complexity, side effects, stigma, mental 
health concerns, and socioeconomic barriers.19–23

The number of HIV-infected patients in Latvia, mainly males, is increasing annually.3 Based on 2019 statistical data, 
HIV cases were detected more often in persons aged 30 to 39 years (33.5%), and most cases of infection occurred through 
heterosexual transmission.24 The Latvian healthcare system provides medical care and support for people living with HIV, 
including counselling, education, and regular monitoring of their health. However, certain restrictions significantly affected 
the availability of medical care in previous years. Decentralization was implemented only in 2019, allowing patients to 
receive medication prescriptions from their nearest infectologist practice instead of in the capital city (Riga, Latvia). Also, 
ART medicine government reimbursement depended on the patient’s laboratory CD4 test results. As of the second half of 
2018, initiation of ART with reimbursement support requires solely an approved HIV diagnosis.25,26

Ensuring proper adherence to medication therapy is essential for effective HIV infection control.16,27 However, 
assessing the degree of adherence frequently presents difficulties in real-life scenarios.21 Several methods are used to 
determine medication adherence, including patient questionnaires, pill counts, assessment of patient clinical outcomes, 
and electronic medication monitoring systems. However, each method has its advantages and disadvantages.28–30

Quantitative methods to determine adherence levels are data-driven approaches that use numerical values to assess and 
measure a patient’s adherence to a prescribed medication regimen.29,31 Estimating medication adherence through data calculations 
from the electronic prescriptions database, using metrics like Medication Possession Ratio (MPR) and Proportion of Days 
Covered (PDC), is extremely important.32,33 The MPR is calculated by dividing the days’ supply of medication dispensed during 
the treatment period by the total number of days in that period. This method takes into consideration any medication obtained 
through early refills, which could potentially result in adherence values exceeding 100%. The PDC method is a comparable 
approach, but it imposes limitations on medication supplies overlapping, resulting in a more precise calculation of adherence.29,34– 

36 Based on clinical evidence, it is recommended to maintain a Proportion of Days Covered (PDC) threshold of 80% to be adherent 
to therapy. Previous research indicates that achieving viral suppression and preventing resistance mutations in ART requires 
a PDC threshold of at least 95%. Through the years, adherence to treatment regimens has improved, leading to the observation of 
viral suppression even with reduced levels of adherence (above 90%).15,37–40

This study aimed to assess adherence levels to ART among long-term users by utilizing the National Health Service 
prescription electronic database records. Since Latvia has one of the highest rates of HIV infections in Europe, it is 
essential to determine whether non-adherence is a problem at the state level.2

Materials and Methods
Study Design and Data Collection
This retrospective study was conducted utilizing the Latvian National Health Service’s (NHS) reimbursed prescription 
database, covering the period from January 2017 to December 2018. The analysis included prescriptions based on 
diagnoses coded according to the International Statistical Classification of Diseases and Related Health Problems for HIV 
infection (B20.0-B20.9, B21.0-B21.3, B21.7-B21.9, B22.0-B22.2, B22.7, B23.0-B23.2, B23.8 and B24).26,41 The cohort 
of long-term ART users was identified based on their prescription history, specifically individuals who received one or 
more ART prescriptions in 2016 and continued in 2019, respectively. Patients who initiated therapy after 2016 or who 
were discontinued before 2019 were not included in this study analysis. The cancellation of CD4 laboratory tests for 
initiating ART with reimbursement government support in the second half of 2018 did not impact the data processing, as 
this study’s analysis exclusively included prescriptions for long-term ART users. Furthermore, the study incorporated 
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subjects aged 18 years or older to ensure relevance to adult populations. There was one exclusion criterion, which was 
patients with limited prescription data. As a result, adherence levels could not be estimated.

All reimbursed outpatient care prescription data were recorded in the NHS database. Also, reimbursed paper 
prescriptions data were immediately input into the NHS prescription database after medicine dispensing at pharmacies. 
It means that all dispensed medicine prescriptions (paper and electronic) reimbursed for patients by the government were 
analysed. Regrettably, due to limitations in the system’s data availability, the study could not collect data on prescriptions 
that patients were prescribed but did not purchase.

To preserve data privacy and security, anonymous and encrypted records were procured from the NHS. Reverse 
identification was impossible. Each prescription record covered patients’ data as age and gender, information related to 
the dispensed drug marketing authorisation number, brand name or international non-proprietary name and the diagnosis 
for which the medication was prescribed.

Measurements of Adherence
Medication adherence was assessed using a modified Proportion of Days Covered (PDC) calculation, which relied on medication 
dispensing data. While several methods are available in the literature to calculate medication adherence using pharmacy refill data, 
the PDC measure was selected based on its endorsement by Pharmacy Quality Alliance and various previous 
studies.21,32,34,36,37,42

The PDC was computed by dividing the total number of days covered by the medicine regimen by the number of days between 
the patient’s first and last dispensing dates, excluding the doses of the last prescription. In cases where a patient had overlapping 
fills for the same drug (due to early refilling), the dispensed medicine amount was adjusted to account for the remaining number of 
doses plus the newly dispensed amount.32,34,37 The PDC was individually calculated for each medication used by the patient. 
Patient total adherence levels were then established by identifying the lowest adherence rate among all the medications they were 
prescribed. The values for PDC range from 0 to 100%, with higher values indicating higher adherence to the ART medication 
regimen. This methodology ensured medication adherence assessment, accounting for treatment continuity while appropriately 
handling overlapping prescription fills to avoid potential overestimating adherence. In this study, the adherence rates were 
categorized into three groups: (1) < 80% (non-adherence), (2) 80% to 90% (suboptimal adherence), and (3) > 90% (optimal 
adherence) groups.21,35 Based on the Latvia reimbursement system, prescriptions can only be prescribed for a maximum 3-month 
course. Therefore, a maximum time gap of 90 days between prescriptions was defined.

We did not seek approval of an Ethics Committee since our research is based on a retrospective database analysis 
where all received data were anonymized by NHS and cannot be traced to individual persons. According to local data 
protection regulations, no approval from the ethics committee was required for this study.43,44

Statistical Analysis
The assumption of data distribution was assessed by the Shapiro–Wilk test and inspection of the normal Q-Q plots. The 
assumption of homogeneity of variance was tested by the Levene’s test. The Mann–Whitney U-test was used to test the 
difference in adherence between gender and medication presentation (monocomponent or FDC). The Welch’s ANOVA was 
used to test the difference in age between adherence groups (< 80%, 80–90% and > 90%). The chi-square test of 
homogeneity was used to test the difference in proportion of gender between adherence groups. To test correlation between 
age and adherence, the Spearman correlation test was used. All statistical analyses were performed by using the Jamovi 
statistical software (https://www.jamovi.org). An alpha level of 0.05 was used for all the statistical analyses.

Results
A total of 25,892 ARV medicines prescription records for 1471 patients (2 patients were excluded), of whom 64.7% 
(n=952) were males, were included in this study analysis. Long-term ARV therapy users’ mean age was 42.3 (SD=9.9) 
years. Over a period of two years, patients dispensed ART medicines on average 8.9 (SD=2.9) times, with a maximum of 
23 times. It has been determined that 96.1% (n=1414) of patients experienced a time gap of more than 90 days between 
their prescriptions at least once. On average, each patient had 3.5 of these gaps, with a maximum of 7 times. More 
detailed information about patients’ characteristics and used ARV therapy is available in Table 1.
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The total adherence level of long-term ART on average was 38.3% (SD=0.15%). There were no statistically 
significant differences of adherence levels between gender (p=0.590) or medication formulations (p=0.140). As well, 
there was no difference in age between adherence groups (p>0.05), as well as no correlation between age and adherence 
(p>0.05). The adherence level for each medication is shown in Figure 1. Of all patients, only 37 (2.5%) had achieved an 
optimal adherence level, with a PDC of over 90%, and 25 (1.7%) patients in the 80% to 90% range. Meanwhile, the 
remaining patients (95.8%) had PDC lower than 80%, identifying them as non-adherent to therapy.

Discussion
In this retrospective Latvian study, including more than 1000 patients who received ART from January 2017 through 
December 2018, we found that the average adherence level (based on PDC) to therapy was 38.3%. The main findings of 
this study indicate a concerning estimate of low adherence to ART among patients with HIV. Our examination of the 
Latvian NHS’s prescription database showed that a significant number of individuals using long-term ART did not adhere 
to their medication schedule as directed. This result is particularly distressing as poor adherence to ART can lead to 
compromised viral suppression, increased risk of drug resistance, and adverse health outcomes. The data highlights the 
pressing need for targeted interventions and enhanced support systems to address adherence challenges among this 
patient population to improve treatment efficacy and overall well-being.

Most research examining adherence to ART defines adherence based on either medication possession ratio (MPR) or 
proportion of days covered (PDC). This study’s result aligned with the common challenge faced in HIV management, 
indicating that suboptimal adherence remains a persistent issue. Of concern, the adherence level in Latvia appears not 
only low but also comparatively lower than findings from other research data, mainly studying American and African 
people living with HIV.27,45,46 Only 2.5% of patients in Latvia achieved an optimal adherence level (PDC≥90%) for ART. 
For instance, in a study conducted by Grace A. McComsey et al, 38.7% of patients achieved this level, with an overall 

Table 1 Patients’ Demographics and Prescribed Medications

Variables Values

Age, years (SD) 42.3 (9.9)

Female, n (%) 519 (35.3)

Fixed-dose combination medication prescriptions (FDC), n (%) 15,526 (60.0)

Prescribed medicine pharmacological group, n (%)

NRTI 764 (3.0)

NRTI FDC 10550 (40.7)

NRTI + InSTI FDC 1878 (7.3)

NNRTI 4463 (17.2)

NRTI + NNRTI FDC 15 (0.1)

InSTI 3005 (11.6)

PI 2077 (8.0)

PI FDC 542 (2.1)

PI + CYP3A inhibitor FDC 2541 (9.8)

FI 1 (0.0)

CCR5 antagonist 9 (0.0)

Abbreviations: NNRTI, non-nucleoside reverse transcriptase inhibitors; FDC, fixed-dose combina-
tion; INSTIs, integrase strand transfer inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; PI, 
protease inhibitors, FI, fusion inhibitors.
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adherence rate of 74.1%.21 In J. Kim et al research, not visiting tertiary hospitals was a risk factor for lower adherence.27 

However, a significant presence of medication dispensing gaps exceeding 90 days among long-term ART users was noted 
in our study, negatively influencing the overall adherence rate.

Our study design did not allow to conclude whether patients are taking their medication as prescribed, even if they are 
refilling their prescriptions, as they may purchase the medication but not actually use it. No significant differences were 
found between patients’ demographics and taking medicine formulation. This suggests the presence of other factors that 
could potentially challenge achieving high adherence levels. One of contributing factors could be limited access to 
healthcare services. Historically, ART medication prescriptions were prescribed only by infectologists or pediatricians 
located in Latvia’s capital city, Riga. However, this changed only in 2019, when the process was decentralized.26 This 
marked a significant advancement as it eased the burden on patients who previously faced challenges regarding time and 
financial constraints, especially related to transportation costs. Furthermore, the extended waiting times for doctors’ 
appointments could surpass the duration of the previously prescribed medication regimen. This situation leads to non- 
adherence, as patients may encounter interruptions in their treatment due to the misalignment between appointment 
availability and medication refill needs. An additional notable point is the absence of data on disruption in the supply of 
ART medications, as these issues were not publicly reported during the 2018–2019 period. As disruptions in medication 
supply can significantly impact adherence rates and subsequently affect the effectiveness of treatment outcomes.

The study is subject to certain limitations, (1) notably the utilization only of 2017–2018 period data that may not 
reflect the present circumstances, potentially affecting the relevance of findings to healthcare practices. Analysis of the 
latest data is essential for retrospective evaluation of the impact of implemented changes in HIV patient management 
after 2018. In general, (2) prescribed but not dispensed medication data was not recorded in the system which was not 
analyzed, impacting study results. It would be helpful to have more information about the availability of medications at 
pharmacies for studies conducting quantitative medication adherence evaluations. Additionally, (3) the study focused 
only on a quantitative adherence measure using medicine prescription refills data without exploring into the broader 

Figure 1 Adherence level of each medication and number of prescribed prescriptions.
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context of patient behaviour and factors influencing non-adherence. Qualitative data elements, including patients’ socio- 
demographic details, duration of ART, symptom severity, comorbidities, and health literacy, were not examined in 
analysing a non-adherence problem. Although (4) neither quantitative metric can verify the actual ingestion or adherence 
to the prescribed medication, they can offer insights into whether the medication was accessible to the individual for 
potential consumption.

This study represents a first-time utilization of the Latvian National Health Service database of prescription data to 
assess medication adherence. This novel approach has the potential to significantly advance the monitoring of patient 
medicine utilization, offering valuable insight for future research and healthcare management improvement. Furthermore, 
this technique can assess the impact of previously enacted changes by analysing this data longitudinally. Potentially in 
the future, collaboration with the NHS and strict adherence to data privacy regulations, proactive communication with 
non-adherent patients based on medication prescription data could lead to facilitating an in-depth exploration of the 
underlying factors contributing to non-adherence and developing strategies to improve adherence rates.

Conclusion
The National Health Service prescription database analysis demonstrated low adherence to ART. Less than 3% of 
patients achieved optimal adherence levels with a PDC higher than 90%. These results are concerning not only for 
patients with HIV but also for society as a whole because effective therapy targets were not achieved, as patients did not 
use medicine as prescribed, leading to risks of ART therapy resistance, health complications, higher transmission rates, 
and increased healthcare costs. Furthermore, a large number of gaps between dispensing times were observed, negatively 
impacting the total adherence level. This situation accentuates the immediate requirement for identifying non-adherence 
factors and precisely targeted interventions aimed at improving it, thereby ensuring treatment efficacy.
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