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Abstract

As the HIV-infected population ages and the burden of chronic comorbidities increases, adherence 

to medications for HIV and diabetes and hypertension is crucial to improve outcomes. We 

pilot-tested a pictorial aid intervention to improve medication adherence for both HIV and 

common chronic conditions. Adult patients with HIV and diabetes (DM) and/or hypertension 

(HTN) attending a clinic for underserved patients and at risk for poor health outcomes were 

enrolled. Patients were randomized to receive either a pictorial aid intervention (a photographic 

representation of their medications, the indications, and the dosing schedule) or a standard clinic 

visit discharge medication list. Adherence to antiretroviral therapy (ART) for HIV and therapy 

for DM or HTN was compared. Predictors of ART adherence at baseline were determined using 

logistic regression. Medication adherence was assessed using medication possession ratio (MPR) 

for the 6-month interval before and after the intervention. Change in adherence by treatment group 

was compared by ANOVA. Among the 46 participants, there was a trend towards higher adherence 

to medications for HIV compared with medications for hypertension/diabetes (baseline median 

MPR for ART 0.92; baseline median MPR for the medication for the comorbid condition 0.79, 

p=0.07). The intervention was feasible to implement and satisfaction with the intervention was 

high. With a small sample size, the intervention did not demonstrate significant improvement in 

adherence to medications for HIV or comorbid conditions. Patients with HIV are often medically 

complex and may have multiple barriers to medication adherence. Medication adherence is a 

multifaceted process and adherence promotion interventions require an approach that targets 

patient-specific barriers.
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Introduction

As the HIV-infected population ages, people living with HIV (PLWH) may suffer morbidity 

and mortality from multiple chronic conditions including diabetes and hypertension 

(Barbaro, 2006). With an increased risk of heart disease among PLWH (Freiberg et al., 

2013), uncontrolled hypertension and diabetes may be more dangerous. HIV, diabetes (DM), 

and hypertension (HTN) all require high levels of medication adherence to achieve treatment 

goals and optimize clinical outcomes, and in the HIV-infected population, disease control is 

suboptimal (Adeyemi, Vibhakar, & Max, 2009). This is further complicated by the adverse 

impact of polypharmacy on adherence (Kripalani, Yao, & Haynes, 2007). A prior study of 

older PLWH showed that those with more comorbidities were less likely to demonstrate 

optimal ART adherence (Abara, Adekeye, Xu, Heiman, & Rust, 2016).

Pictorial aids have been tested to improve medication adherence. These aids ideally 

include a photograph of the actual pill, the dosage, the number of pills per dose, and a 

schedule (Katz, Kripalani, & Weiss, 2006). The pictorial aid aims to increase a patient’s 

understanding of the medication regimen to facilitate adherence. These may be particularly 

helpful interventions for individuals with complex regimens and low health literacy, both 

factors which have been associated with poor medication adherence (Gellad, Grenard, & 

Marcum, 2011; Kalichman, Ramachandran, & Catz, 1999; Van Servellen, Brown, Lombardi, 

& Herrera, 2003). Pictorial aid interventions have been tested in many patient populations 

and care venues to increase medication adherence (Dowse, Barford, & Browne, 2014; 

Gazmararian, Jacobson, Pan, Schmotzer, & Kripalani, 2010; S. C. Kalichman et al., 2013; 

Kripalani, Schmotzer, & Jacobson, 2012; Martin, Kripalani, & Durapau, 2012; Mohan, 

Riley, Schmotzer, Boyington, & Kripalani, 2014). The results of these interventions have 

revealed increases in knowledge (Dowse et al., 2014; Mohan et al., 2014) and self-efficacy 

(Dowse et al., 2014; Martin et al., 2012). A separate study showed improvement in 

adherence among individuals with polypharmacy or low self-efficacy (Kripalani et al., 

2012). One study did not show an increase in ART adherence associated with a pictorial aid 

among marginal or low literacy individuals ( Kalichman et al., 2013), and another study did 

not show improvements adherence among patients with low health literacy (Gazmararian 

et al., 2010). In studies that did not show improvements, the increase in medication 

understanding and/or self-efficacy from the pictorial aid intervention may not have been 

sufficient to overcome other barriers to adherence.

Data on adherence to medications for diabetes and hypertension among PLWH is 

limited. Among PLWH and diabetes, those not achieving HIV control are less likely to 

achieve diabetes control ( Monroe, Chander, & Moore, 2011). Furthermore, diabetes and 

hypertension are a source of concern and frustration to PLWH, sometimes even eclipsing 

concern regarding HIV. Limited understanding of these health conditions and treatments 

hinders adherence. Some PLWH note placing higher importance on adherence to their 

HIV medications, reporting higher adherence to their HIV medications compared to other 

medications (Monroe, Rowe, Moore, & Chander, 2013). Although it is clear that HIV 

control is paramount, as individuals live longer with HIV there is increasing need to 

concurrently manage comorbidities.
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Among an urban HIV clinic population managing multiple comorbidities, adherence support 

may be strengthened by the inclusion of a pictorial-based adherence aid. We pilot-tested 

a pictorial aid intervention among PLWH and diabetes and/or hypertension in a small 

randomized controlled trial (RCT). Our objectives were to explore acceptability of a 

pictorial aid intervention, to quantify and compare adherence to medications for HIV and 

another medical condition (either diabetes and/or hypertension) and to measure medication 

adherence before and after the intervention.

Methods

Participants

Eligibility criteria included English-speaking adults (≥ 18 years old) from the Johns Hopkins 

HIV Clinic with a diagnosis of HIV infection with either diabetes and/or hypertension and 

with either a detectable HIV RNA, a hemoglobin A1c (HbA1c) > 7%, or a blood pressure 

measurement above 140/90 mmHg at their most recent clinic visit. Additional eligibility 

criteria included using the HIV Clinic pharmacy for all prescriptions, being prescribed 

medications for HIV and diabetes and/or hypertension for ≥ 6 months and being prescribed 

≥ 5 different medications per day total (for any condition). Insulin was counted as one 

medication although the complexity of adhering to insulin administration may be higher 

than the complexity of adhering to an oral medication. The study was approved by the Johns 

Hopkins Institutional Review Board and all participants provided informed consent.

Procedures

Baseline assessment—A baseline assessment included demographics, HIV duration, 

diagnosis of diabetes and/or hypertension, and the duration of relationship with current 

medical provider. We collected measures of self-reported medication adherence (Adherence 

to Refills and Medications Scale (ARMS)) (Kripalani, Risser, Gatti, & Jacobson, 2009), 

health literacy (Rapid Estimate of Adult Literacy in Medicine (REALM-R)) (Bass, 

Wilson, & Griffith, 2003), social support (Duke-UNC Functional Support Questionnaire) 

(Broadhead, Gehlbach, De Gruy, & Kaplan, 1988), self-efficacy for appropriate medication 

use (Self-efficacy for Appropriate Medication Use Scale (SEAMS)) (Risser, Jacobson, & 

Kripalani, 2007) depression (Patient Health Questionnaire (PHQ-9) (Spitzer et al, 1999), 

and medication understanding questionnaire (MUQ) (Marvanova et al., 2011). Baseline HIV 

RNA level, CD4 count, number of medications, and number of medical comorbidities were 

collected from medical records.

Study participants were randomized to the control or intervention groups using sealed 

opaque envelopes containing randomly generated treatment allocations. After opening the 

envelope, participants were informed of their randomization assignment and instructed to 

return for the intervention visit four weeks later. All study visits were scheduled separately 

from regular clinic visits (Figure 1).

Intervention Visit—The intervention group received a pictorial representation of 

the appearance, indication, and daily dosing schedule for each of their medications. 

The pictorial aid was a PictureRx card generated by a study physician (AM) using 
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mypicturerx.com (Mohan, Riley, Boyington, & Kripalani, 2012). The information that 

populated the card was obtained from the medication list in the patient’s medical chart 

and verified with the patient. The card was provided to the patient along with their regular 

clinic visit discharge medication list. The control group received only the regular clinic visit 

discharge medication list. Standardized counseling regarding the instructions on the pictorial 

aid and/or the medication list was provided by a study physician (AM).

Outcome assessment—The primary outcome measure for medication adherence was a 

calculated medication possession ratio (MPR) (Blandford, 1999; Okano, Rascati, Wilson, 

& Remund, 1999; Sclar et al., 1994), defined as the days covered by medication in a 180 

day interval – 180 days before and after the intervention visit for each patient. MPRs were 

calculated using pharmacy fill data from the HIV Clinic pharmacy. An MPR was calculated 

for one drug in the patient’s HIV regimen (either a protease inhibitor, integrase inhibitor, 

non-nucleoside reverse transcriptase inhibitor, or nucleoside reverse transcriptase inhibitor). 

If the patient was on a single tablet HIV regimen, the MPR for that medication was 

calculated. For the diabetes or hypertension medication regimen, an agent from that regimen 

was selected using a standard scheme and an MPR was calculated for that agent. For 

individuals with DM and HTN, the HTN agent was selected. All medications were reviewed, 

and if changes were made to an individual’s HIV, diabetes, or hypertension regimen, the 

MPR was calculated to account for the new medication. This process was completed blinded 

to study assignment.

A satisfaction questionnaire was administered to all participants receiving the PictureRx 

card who presented for the follow-up assessment (Mohan et al., 2014). The questionnaire 

evaluated how helpful the PictureRx card was for remembering the appearance, name, 

dosage, use, and the time of day to take each medication, ease of use and clarity.

Statistical Analysis—Baseline characteristics were summarized for both the control and 

intervention groups. For continuous variables, we calculated means and standard deviations 

and used t-tests to assess differences between the intervention and control groups. For 

categorical variables, counts and proportions of key variables of interest were reported 

for the intervention and control groups, with differences between groups assessed by chi

square tests or Fisher’s exact test. We used the Wilcoxon signed-rank test because the 

data was not normally distributed to compare the MPR for ART with the MPR for the 

patient’s medication for diabetes or hypertension at both the baseline and follow up visits. 

We performed univariate logistic regression to determine factors associated with adequate 

adherence (MPR > 0.8) at baseline. Recent work in older adults showed that ART adherence 

levels > 80% produced favorable clinical outcomes (Abara, Adekeye, Xu, & Rust, 2017). 

Eighty percent has been used in the general medicine literature as a threshold for adequate 

adherence and empiric data supports this threshold (Karve et al., 2009).

A repeated measures analysis of variance test (ANOVA) was used to determine intervention 

effect on adherence in the pre- and post-intervention periods. Summary statistics were 

generated for participant satisfaction data. A formal sample size calculation was not 

performed due to the pilot nature of the study.
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Results

Forty-six participants enrolled in the study, with 23 participants per group. Thirty-two 

participants completed all three study visits (See Figure 2, Study Flow diagram). As shown 

in Table 1, the mean age was 52. The sample was predominantly African-American. 

The majority of the study sample had HTN only (57%). Over one-third (37%) had 

hypertension and diabetes. The remainder (6%) had DM only. The distribution of condition 

by randomization assignment was not statistically significant by group. Participants had a 

long duration of HIV infection (mean duration >15 years) and their other comorbidities 

(mean duration of hypertension>10 years, mean duration of diabetes >5 years). The type of 

insurance used by participants at baseline was significantly different with more individuals 

in the intervention group having public insurance (p = 0.02). Many of the participants 

reported moderate to severe depressive symptoms and were assessed as at risk for poor 

health literacy. Medication understanding values ranged from 0 to 1, with an average of 0.78 

overall. The majority of participants (63.0%) had a medication understanding questionnaire 

score of 0.80 or higher.

The median MPR for ART at baseline was 92% (IQR 71%–100%). This was higher than 

the MPR for the diabetes or hypertension medication, with a median MPR of 79% (IQR 

63%–96%) (p-value for comparison of median MPR for ART vs MPR for other medication 

at baseline = 0.07). The median MPR for ART at follow-up was 89% (IQR 72%–100%). 

The median MPR for the other medication at follow up was 85% (IQR 65%–98%) (Table 

2A) (p=0.06) (Figure 3).

The mean change in MPR for ART in the intervention group was 0.02 (SD = 0.25) while 

the mean change in the control group was 0.02 (SD = 0.33). Change in MPR for ART was 

not higher in the intervention group when compared to the control group (p = 0.96). The 

mean change in MPR for diabetes or hypertension medications in the intervention group 

was −0.02 (SD = 0.31) while the mean change in the control group was 0.08 (SD = 0.45). 

Change in MPR for diabetes or hypertension medication was not statistically significantly 

higher in intervention group (p=0.32), which was also true when restricted to people with 

baseline MPR for their diabetes or hypertension medication of <0.9 or <0.8 or those with 

baseline low health literacy (Table 2B). Factors associated with ART adherence (MPR > 0.8) 

at baseline are shown in Table 2.

Satisfaction with the intervention was high, with mean (SD) satisfaction score of 24.8 

(4.0) on a 28-point scale. Participants found the intervention most helpful in helping them 

remember what medications they are supposed to take and the name of their medications 

(mean (SD) score of 2.9 (0.3) on a 3-point scale for both questions). Participants gave the 

aid high rankings for easy to understand instructions and for clear pictures depicting the 

medication’s purpose (mean (SD) 3.7 (0.7) and mean (SD) 3.7 (0.5) on a 4-point scale, 

respectively).
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Discussion

Among PLWH and diabetes and/or hypertension, adherence to ART was higher compared to 

adherence to medication for the other comorbidities. Overall, participants reported that the 

pictorial aid helped them remember which medications to take and was easy to understand. 

In a study limited by a small sample size, the pictorial aid did not demonstrate an effect on 

adherence.

The patients enrolled in this study were predominantly low income and of low educational 

attainment with a significant proportion at risk for low health literacy. Pictorial aids are 

posited to have the largest effect on increasing medication understanding, and subsequently 

medication adherence, for individuals who do not understand their regimen (Kripalani et 

al., 2012). However, most participants had a long duration of HIV and engagement in care. 

Possibly because of this, they had a relatively high baseline medication understanding, 

making a pictorial aid less effective than it might have otherwise been. Patients newly 

engaged in care, who do not have a long history of medication taking which contributes 

to increased medication understanding, may be better candidates for a pictorial aid for 

adherence.

There is limited data on the effect of pictorial aid interventions among PLWH. Of those 

studies, two did not directly assess adherence (Dowse et al., 2014; Wilby et al., 2011). 

Improvements in ART knowledge (Dowse et al., 2014; Wilby et al., 2011) and self-efficacy 

(Wilby et al., 2011) were reported. A large RCT evaluated pictograph-guided adherence 

counseling for PLWH and limited health literacy. Both adherence (unannounced pill 

count) and viral suppression were measured. The intervention did not show any additional 

benefit of pictogram enhanced counseling versus standard counseling on the outcomes in 

individuals with marginal health literacy and did not show any benefit of HIV-specific 

counseling (with or without pictograph enhancement) versus general counseling among 

individuals with low health literacy (Kalichman et al., 2013).

The results of these studies, examined in conjunction with our findings, suggest that 

pictograms may not be effective in isolation in improving medication adherence. Our 

results suggest that the use of pictograms must be carefully targeted to those who could 

benefit the most from them, and future work in larger populations with a more narrowly 

defined population might demonstrate efficacy. Our results showed high satisfaction with 

the intervention; therefore, if a target population for whom the intervention is effective were 

determined, pictograms would likely be well received in future trials or clinical venues.

Among factors we collected that were potentially associated with ART adherence, self

efficacy, health literacy, and medication understanding were not associated with ART 

adherence at baseline. Prior work has shown that self-efficacy is associated with ART 

adherence (Langebeek et al., 2014). Additionally, low health literacy has been shown to be 

associated with low adherence (Osborn, Paasche-Orlow, Davis, & Wolf, 2007). Interestingly, 

self-efficacy can mediate the relationship between low health literacy and adherence (Wolf 

et al., 2007). We posit that we did not see expected associations between these factors and 

adherence because we had a treatment experienced sample with a high baseline level of 
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adherence, and the influence of the duration of time taking medications outweighed other 

factors.

The adherence estimates in our work are similar to those presented in recent studies. 

A recent study which assessed ART adherence by three self-report measures among 

approximately one thousand individuals engaged in HIV care demonstrated high levels of 

ART adherence. Seventy-one percent of that sample reported >95% ART adherence, with 

an additional 22% reporting between 75 and 94% adherence.(Nance et al., 2017). A study 

looking at MPR for ART among individuals with commercial insurance and not accounting 

for all other medications showed that the mean (standard deviation) MPR was 0.92 (0.09) 

among patients receiving a single pill per day, 0.90 (0.10) among patients receiving two pills 

per day, and 0.90 (0.09) among patients receiving three or more pills per day (P<0.01 for 

single pill vs. two pills and for single pill vs. three or more pill (Sax, Meyers, Mugavero, & 

Davis, 2012). Although MPR is a useful measure of adherence, it is limited in its sensitivity 

to detect change. The pathway from patient understanding to persistent adherence (reflected 

by refills) includes multiple steps, including understanding the medication regimen, leading 

to improved self-efficacy, the intention to adhere, and to adherence and finally persistent 

adherence. It is difficult to effect change in a distal outcome, particularly with a short term 

intervention such as this one.

MPR was selected as the adherence outcome in this study. Good adherence based on MPR 

has been associated with important HIV-related clinical outcomes (Wood et al., 2004). The 

underlying assumption of MPR, and a limitation of the measure, is that patients take the 

medications that they pick up. Other modalities to assess adherence have various strengths 

and limitations. Self-report is a fast and inexpensive way to collect adherence data, and self

reported ART adherence is a valid predictor of virologic suppression (Simoni et al., 2006). 

The main difficulty with self-report is the tendency to overestimate adherence, although 

reports of non-adherence are quite accurate (Stirratt et al., 2015). Self-report measures are 

not standardized in terms of recall period, asking about medications individually compared 

with in combination, and whether they use visual analog scales or Liekert scale-based 

responses (Berg & Arnsten, 2006). Electronic drug monitoring (monitoring device in cap 

of drug bottle, e.g.) provides a detailed assessment of adherence, however is limited by 

expense, burden to user and staff, and potential for over-or under estimates of adherence if 

bottle is opened and no pills are removed/ingested or if multiple pills are removed at once to 

be taken over several days. Pill count is inexpensive, however, if it is planned and patients 

know how many pills should be in the bottle, it is possible to “game” the system.

Another limitation of the analysis is that an effect was difficult to detect due to the 

small sample size. Furthermore, analyses were univariate only. Our randomization was 

not balanced with regards to insurance status, with more individuals with public insurance 

in the intervention group. Individuals with public insurance would possibly have different 

barriers to obtaining medication, and therefore to medication adherence, limiting the ability 

to discern an intervention effect. However, the effect on our results was likely minimal.

PLWH and another comorbidity demonstrated higher ART adherence than adherence 

for their comorbid condition, suggesting that patients place higher value on their HIV 
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medications than other medications. Limited by sample size and an outcome measure that 

was not very sensitive for detecting short-term adherence change, a pictorial aid intervention 

did not demonstrate an effect on medication adherence. Our results support that there is 

no “quick fix” with regards to medication adherence; interventions that address medication 

reconciliation issues and/or attempt to increase medication understanding in isolation will 

not likely improve adherence. In an era of HIV care where adherence to both ART 

and medications for comorbid conditions are crucial, different interventions to improve 

adherence are needed.
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Figure 1. 
Study timeline
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Figure 2. 
Study Flow Diagram
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Figure 3. 
Adherence to ART vs Other Medication at Baseline and Follow up
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Table 1.

Demographic and Clinical Characteristics of Study Group

Characteristic Control Group (N=23) Intervention Group (N=23) P-value

Mean (SD) or % Mean (SD) or %

Age 52.6 (.90) 51.96 (5.2) 0.65

Gender 0.77

Male 57 61

Female 43 39

Race 0.35

Black 96 87

White 4 4

Other 0 9

Years since HIV Dx 15 (1.62) 16.17 (1.57) 0.61

Years since BP Dx 10.14 (1.95) 12.3 (2.37) 0.48

Years since DM Dx 6.5 (1.58) 5.5 (1.41) 0.66

CD4 cell count (cells/mm 3 )

≤200 13 13 0.90

201–499 48 57

≥500 30 26

Missing 9 4

HIV1 RNALevel (copies/ml)

<200 52 61 0.76

≥200 39 35

Missing 9 4

At Risk for Poor Health Literacy (REALM-R) 0.30

No 39 43 0.77

Yes 61 57

Current Smoking

Yes 65 61 0.76

No 35 39

Insurance

Private 9 13 0.02

Public 87 52

Uninsured 4 35

Uses pillbox

Yes 47 61 0.38

No 52 39

Education

Less than college 74 87 0.27

Any college 26 13
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Characteristic Control Group (N=23) Intervention Group (N=23) P-value

Mean (SD) or % Mean (SD) or %

Depression screening (PHQ 9)

None/Mild symptoms 35 39 0.90

Moderate symptoms 48 48

Severe symptoms 17 13

Social Support (FSSQ) * 3.73 (0.22) 3.55 (0.28) 0.61

Self Efficacy (SEAMS) ** 32 (6) 31 (6) 0.55

Medication understanding (MUQ) ‡ 0.78 (0.12) 0.79 (0.10) 0.74

Baseline number of medications 8.4 (2.8) 8.0 (2.2) 0.60

Baseline number of comorbidities 3.1 (1.9) 3.7 (1.9) 0.30

*
FSSQ score Range: 1 to 5 (low to high social support)

**
SEAMS score range: 13 to 39 (low to high self efficacy)

‡
MUQ score range: 0 to 1 (low to high understanding)
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Table 2A.

Median MPR for ART and Other Medications

Baseline Follow-Up

Median MPR ART 92% (IQR 71–100%) 89% (IQR 72–100%)

Median MPR Other Meds 79% (IQR 63–96%) 85% (IQR 65–98%)
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Table 2B.

Mean change in MPR for ART and Other Medications by study group

Intervention Control P-value

Mean Change MPR ART 0.02 (25) 0.02 (0.33) 0.96

Mean Change MPR Other Meds −0.02 (0.31) 0.08 (0.45) 0.32
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Table 3.

Factors associated with ART adherence at baseline (univariate analysis)

Odds ratio (95% Confidence Interval)

Race

White (Ref: African American) 1.16 (0.07, 19.8)

Education

Some college or above (Ref: Less than college) 0.89 (0.21, 3.88)

Insurance

Private 1 (Ref)

Public 0.46 (0.07, 3.12)

Uninsured 1.11 (0.11, 10.99)

CD4 cell count (cells/mm 3 )

≤200 1 (Ref)

201–499 6.5 (0.65, 64.82)

≥500 4.29 (0.39, 47.62)

Depression screening (PHQ 9)

None/Mild symptoms 1 (Ref)

Moderate symptoms 0.89 (0.24, 3.28)

Severe symptoms 3.21 (0.47, 21.8)

Social Support (each 1 point increase in FSSQ) 1.87 (0.75, 6.11)

High self-efficacy (Ref: Low self-efficacy) 0.30 (0.09, 1.02)

Health Literacy (REALM)

At risk for low health literacy (Ref: not at risk) 0.55 (0.16, 1.84)

High medication understanding (Ref: low understanding) 0.93 (0.29, 3.01)

Above median number of medications (Ref: below median) 0.98 (0.78, 1.35)

Above median number of comorbidities (Ref: below median) 1.00 (0.74, 1.35)
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