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M edication nonadherence is a major barrier to the pro-

vision of effective pharmacotherapy in patients with 

chronic conditions, and it is also associated with 

negative health outcomes and increased risks of hospitaliza-

tion and mortality in patients with a variety of disease states, 

including cardiovascular conditions and diabetes.1-3 It is es-

timated that 33% to 69% of medicine-related hospitalizations 

are caused by poor adherence.4 Additionally, medication non-

adherence accounts for projected annual US healthcare expen-

ditures of $100 to $300 billion4; improving adherence, on the 

other hand, has been projected to result in annual per-person 

savings ranging from $1000 to over $7000 depending on the 

disease state.5,6 These savings reflect the association between 

poor adherence and increased nursing home admissions, phy-

sician visits, and hospitalizations and are robust even after con-

trolling for healthy adherer behaviors.1,2,7-9 

Although studies vary in their estimated rates of nonadherence 

for long-term medications, most studies report adherence at ap-

proximately 50%.10-12 Rates of adherence tend to decline over time 

and are lower in patients who are prescribed multiple chronic 

medications.13,14 Adherence appears to be similarly low among pa-

tients with hypertension, type 2 diabetes, or hyperlipidemia.10,15 

Causes of medication nonadherence are multifactorial and of-

ten involve interconnecting patient, treatment plan, and health-

care system factors.4,16 Efforts to improve adherence often fail to 

achieve long-term desired results because they are too narrow in 

scope. Interventions, such as drug reminder packaging, mobile 

text messaging, and written and oral education, have inconsistent 

impact on both measures of adherence and clinical outcomes.17-19 

Even when the scope of interventions is more ambitious, as with 

comprehensive medication therapy management, programs are 

not sustainable because they are often labor-intensive and costly.20

Pharmacists are well-positioned to impact patient adherence, 

particularly in community pharmacy settings.21 Regular pharma-

cist–patient communication and monitoring has consistently 

been linked to improved adherence.22,23 Still, current community 
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pharmacy efforts at counseling, monitoring, and education show 

variable rates of success.24,25

Appointment-based medication synchronization (ABMS)—a 

system that offers individualized solutions to patients’ medication-

related barriers—has been suggested as an effective and sustainable 

way of improving medication adherence in community pharma-

cies.26,27 In ABMS, pharmacists work with patients to synchronize 

their chronic medications to be filled on a single day each month. 

Prior to this date every month, pharmacists review patients’ medi-

cations, address patient concerns, and discuss any changes to the 

medication regimen. This system is designed to simplify the com-

plexity of patients’ medication regimens and provide opportunities 

for consistent pharmacist–patient communications, which can 

help to clarify, modify, and enhance patient therapy. Communica-

tions with physicians are also enhanced through a formal process of 

physician contact regarding patient enrollment in the program and 

periodic calls to address medication therapy issues. 

ABMS has demonstrated significant impact on patient adherence 

and persistence for chronic medications.27,28 A study in rural phar-

macies in the midwestern United States showed that patients en-

rolled in an ABMS program who newly started a chronic medication 

had 3.4 to 6.1 times greater odds of adherence over a 1-year period 

than matched comparisons.27 Another study, of Ohio pharmacies 

with patients who had been taking chronic medicines for 6 months 

or more, indicated 2.3 to 3.6 times greater odds of adherence over a 

1-year period with ABMS.28 These studies indicate that ABMS can be 

effective in improving medication adherence and, thereby, possibly 

improve health outcomes; however, there have been no analyses of 

the economic consequences of these programs. 

The objective of this study was to model the economic impact 

of ABMS in community pharmacies for patients taking medica-

tions to prevent negative outcomes associated with diabetes, 

hypertension, and hyperlipidemia. The analysis was conducted 

from the perspective of a healthcare payer who wants to quantify 

the value to chronic disease populations of individuals enrolling 

in ABMS programs offered by community pharmacies. 

METHODS
The patients studied in the ABMS program consisted of adults who 

had been taking chronic medicines for 6 months or more and re-

ceived at least 2 refills for at least 1 of 6 types 

of chronic disease medication categories. The 

medication classes studied were angiotensin-

converting enzyme (ACE) inhibitors/angio-

tensin receptor blockers (ARBs), beta-blockers 

(BBs), dihydropyridine calcium channel block-

ers (DCCBs), thiazide diuretics, metformin, 

and statins. Patients who opted into the ABMS 

program were matched with control patients 

who received standard pharmacy dispensing services. Matching 

was done according to patient history of prior adherence behavior, 

medication class, age, gender, and geographic region. 

A decision-tree analysis (eAppendix, available at www.ajmc.com) 

was constructed to model the cost-benefit of ABMS programs when 

compared with standard community pharmacy dispensing practices. 

The results of separate cost-benefit analyses for each medication class 

were presented with benefit-cost ratios calculated as follows: 

Total Disease-Specific Direct Medical Costs Saved Due to 
Improved Medication Adherence Associated With ABMS  

(Diabetes, Hypertension, Hyperlipidemia)

Total Medication Costs Added Due to Improved Medication 
Adherence Associated With ABMS

The model estimated, in US dollars, the benefit of the program 

on reduced disease-specific health expenditures over a 1-year peri-

od, relative to additional medication costs. Program benefits came 

from projecting how improvements in medication adherence due 

to the program would reduce medical costs for the treatment of the 

disease state associated with each medication class. This was done 

by matching adherence levels to chronic medications reported in 

an ABMS study,28 with research linking the same adherence with 

disease-related medical costs (Table 1).5 Program costs were es-

timated based on the average cost per prescription refill and the 

number of additional fills due to improved adherence. 

Adherence data for the base-case model came from the Ohio 

ABMS study of individuals on the chronic medications for at least 

6 months.28 The proportion of days covered (PDC)—a ratio of the 

number of days covered by prescription fills divided by the to-

tal number of days in a study period—was used to measure ad-

herence. PDC scores range from 0 to 1, with larger proportions 

indicating greater adherence. The PDC scores for patients from 

the study28 were stratified into 5 categories (PDC scores of 1%-

20%, 21%-40%, 41%-60%, 61%-80%, and 81%-100%) to match 

utilization data in the study linking medication adherence with 

disease-related medical costs.5  

To model the relationship between medication adherence and 

disease-specific medical costs, indications needed to be assigned 

to the medication classes. The indication for ACE inhibitors/ARBs, 

BBs, DCCBs, and thiazide diuretics was assumed to be hyperten-

sion.29 Metformin and statins were assumed to be treating diabetes 

TAKE-AWAY POINTS

Appointment-based medication synchronization (ABMS) programs in community pharmacies 
have been shown to increase medication adherence in patients taking chronic medications.  

 › Medication expenditures due to improved adherence associated with ABMS enrollment were 
offset by lower disease-specific medical costs. 

 › Economic analyses suggest that ABMS programs offer a significant cost-benefit to payers. 

 › Payers should consider supporting the provision of ABMS programs in community pharmacies.
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and hyperlipidemia, respectively. This allowed each of the 5 levels of 

adherence (1%-20%, 21%-40%, 41%-60%, 61%-80%, 81%-100%) to 

be matched with data from research linking these medication adher-

ence levels with disease-related healthcare costs.5 

Additional costs associated with ABMS in the base case came 

from the increased medication costs that resulted from a higher 

number of annual medication refills. In the calculation of medi-

cation cost per fill, the price of the medication from each class 

with the highest total prescriptions in 2012 was assumed to be 

representative of the entire class.30 These representative drugs 

were lisinopril (ACE inhibitors/ARBs), simvastatin (statins), 

metoprolol (BBs), amlodipine (DCCBs), hydrochlorothiazide (thi-

azide diuretics), and metformin (diabetic medications). Cost per 

fill was calculated at an assumed cost of average wholesale price 

(AWP) minus 70% to reflect generic drug pricing.31-34

Sensitivity analyses were conducted on key variables in the model. 

These variables included the relative effectiveness of ABMS compared 

with usual care on medication adherence, cost of chronic medica-

tions, medical costs, patient cost sharing, and 

addition of a service fee for the program.

RESULTS
Adherence data for comparing ABMS with 

controls are presented in Table 2. Signifi-

cantly more patients in the ABMS program 

had PDC scores of 81% to 100%, whereas 

patients in the comparison group had more 

patients in categories with lower PDC scores. 

Table 3 shows disease-related medical costs 

for levels of medication adherence adjusted 

to 2015 costs, according to the medical infla-

tion index.35 With the exception of drug costs, 

which increased with greater adherence, direct 

medical costs were much lower, on average, for 

patients with higher PDC scores.

Benefit-cost ratios for 6 medication class-

es were reported (Table 4). In base-case analyses of the cost-

benefit, ABMS enrollment was associated with slight increases in 

medication expenditures due to improved adherence, but lower 

disease-specific medical costs. Medical savings per additional 

dollar spent on medications ranged from $1.25 to almost $37 de-

pending on the medication class. ABMS yielded the greatest ben-

efit relative to costs for metformin and statins and lower benefits 

relative to costs for thiazide diuretics and ACE inhibitors/ARBs. 

One-way sensitivity analyses varied the medication costs from 

as low as Veterans’ Health Administration (VA) costs, obtained from 

the National Acquisition Center website, to as high as the AWP. Addi-

tional medication costs included in the sensitivity analyses included 

AWP minus 50% (AWP – 50%) and AWP minus 30% (AWP – 30%) 

(Table 4).36 In additional 1-way sensitivity analyses, disease-specific 

medical costs and the PDC distribution of ABMS patients were each 

increased and decreased by 20%. (Table 5). 

The impact of adding a service fee to ABMS programs was also ex-

amined in sensitivity analyses. ABMS is currently offered free of charge 

TABLE 1. Key Base Case Assumptions for Model Parameters, Sources Used, and 
Variation Introduced in Sensitivity Analyses

Model 
Parameter Base Case Assumption Source Sensitivity Analysis

Costs  
associated 
with ABMS

Medication costs:  
AWP – 70%

Calabrese 33 VA drug pricing; AWP; 
AWP – 50%; AWP – 30%

No patient co-pay Patient co-pay: $5, $10

Reimbursement for ABMS 
services: $0

Annual reimbursement per 
patient: $100, $150, $200

Effectiveness 
of ABMS

Increase in percent adherent 
with ABMS: 18.4%-34.7%

Odds of adherence with ABMS 
compared with usual care: 

OR, 2.3-3.6

Holdford  
and 

Saxena28

Varied ± 20%

Medical costs, 
by adherence 
level

Average per-patient annual 
medical savings associated 

with adherence: $655-$3019
Sokol et al5 Varied ± 20%

ABMS indicates appointment-based medication synchronization; AWP, average wholesale price (minus 
30%, 50%, 70%); OR, odds ratio; VA, Veterans Health Administration.

TABLE 2. Percent of Matched ABMS and Standard Dispensing Control Patients in Each Adherence Group, as Measured by Proportion 
of Days Covered, for 6 Classes of Chronic Medications

% PDC

Medication Class

ACE Inhibitors/ARBs Beta-Blockers DCCBs Thiazides  Metformin Statins

CTRL ABMS CTRL ABMS CTRL ABMS CTRL ABMS CTRL ABMS CTRL ABMS

0-20 10.41 3.77 15.07 7.3 17.7 7.72 22.56 5.97 22.84 5.00 14.46 4.86

21-40 5.56 4.11 11.68 5.75 12.44 7.32 11.94 8.57 11.64 7.14 12.38 6.53

41-60 6.53 3.08 16.24 11.06 14.11 8.94 15.43 11.43 16.81 22.14 16.28 10.39

61-80 5.47 4.79 12.5 9.51 12.44 5.69 10.63 9.87 12.07 10.71 13.51 11.56

81-100 72.07 84.25 44.51 66.37 43.3 70.33 39.45 64.16 36.64 55.00 43.38 66.67

ABMS indicates appointment-based medication synchronization; ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CTRL, 
standard dispensing control; DCCB, dihydropyridine calcium channel blocker; PDC, proportion of days covered.
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by most pharmacies, so the effect of annual per-patient fees of $100, 

$150, and $200 for program enrollment was explored in sensitivity 

analyses. In addition, co-payments of $5 and $10 per fill were included 

in sensitivity analyses to reflect average cost-sharing arrangements 

with patients.37 Discounting was not performed because both costs 

and outcomes occurred within a 1-year period. 

In sensitivity analyses, the benefit-cost ra-

tio of ABMS was most sensitive to drug prices 

(Table 5). As drug prices were lowered to VA 

pricing, estimated savings per additional dol-

lar spent on medications ranged from $40 to 

$301. Favorable cost-benefit findings were 

robust for metformin, statins, and BBs. Cost-

benefit was no longer favorable for thiazides 

at a drug price of AWP – 50%, ACE inhibi-

tors/ARBs at AWP – 30%, and DCCBs at AWP. 

With the introduction of patient cost sharing 

through a $10 co-pay, benefit-cost ratios in-

creased from 3.8 to 1 up to 59 to 1, depending 

on the drug class and assuming that co-pays 

did not reduce medication adherence. Cost-

benefit was robust to changes in medical 

costs and ABMS effectiveness; however, with 

the introduction of payer reimbursements for 

ABMS, benefit-cost ratios remained favorable 

only for metformin and statins. 

DISCUSSION
This study quantifies the cost-benefit of an 

ABMS model to improve adherence among 

patients prescribed chronic medications. Pre-

viously studied interventions to improve nonadherence often lack 

reliable effectiveness or contribute to higher overall costs to a payer 

or provider. ABMS has a demonstrated impact on improving adher-

ence and persistence to chronic medications,27,28 which can in-

crease annual medication costs to a payer on account of increased 

TABLE 3. Annual Medical and Prescription Drug Costs (in 2015 US$) Associated With Varying Levels of Adherence, by Disease State, 
as 
Measured by Proportion of Days Covered5,31,36

% 
PDC

Diabetes Hypertensiona Hyperlipidemia

Medical 
Costb

Drug 
Costc 

(base)

Drug 
Costc 

(high)

Drug 
Costd 
(low)

Medical 
Costb

Drug 
Cost c 

(base)

Drug 
Costc 
(high)

Drug 
Costd

(low)
Medical 

Costb

Drug 
Costc 

(base)

Drug 
Costc 

(high)

Drug 
Costd 
(low)

0-20 15,845 54 179 4.50 8716 45 151 0.98 12,245 104 346 4

21-40 12,513 107 358 9 10,740 91 302 1.96 8608 208 692 7

41-60 11,215 161 536 13.50 9194 136 454 2.94 6207 311 1038 11

61-80 10,586 215 715 18 9462 181 605 3.92 8879 415 1384 15

81-100 6847 295 983 24.75 8949 249 831 5.40 5617 571 1903 20

PDC indicates proportion of days covered.
aHypertension drug costs provided are representative costs for beta-blockers. Prices for other class-representative antihypertensives were obtained and used in 
the cost calculations for those classes. 
bSokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medication adherence on hospitalization risk and healthcare cost. Med Care. 2005;43(6):521-30. 
Costs adjusted to 2015 costs by medical inflation index.
cLexi-Drugs. Lexicomp Online website. http://www.online.lexi.com. Accessed April 15, 2015.
dPharmaceutical catalog search. US Department of Veterans Affairs, National Acquisition Center (CCST) website. http://www.va.gov/nac/index.
cfm?template=Search_Pharmaceutical_Catalog. Accessed April 13, 2015.

TABLE 4. Expected Costs (in 2015 US$), Benefits, and Cost-Benefit Ratios of ABMS 
Compared With Standard Pharmacy Dispensing in 6 Chronic Medication Classes in 
Baseline Analysis5,28,31

Medication 
Class

Pharmacy 
Practice

Drug 
Costa,b

Marginal 
Cost

Medical 
Costb,c

Marginal 
Savings

Savings per  
Additional Dollar 
Spent on Drugs

Metformin Control 185.78 10,747.22

ABMS 231.21 45.43 9068.29 1678.93 36.96

Thiazides Control 104.61 9203.51

ABMS 133.58 28.97 9167.22 36.30 1.25

Statins Control 395.20 7482.76

ABMS 479.63 84.43 6573.25 909.50 10.77

ACE 
inhibitors/
ARBs

Control 128.59 9067.49

ABMS 141.09 12.51 9045.94 21.54 1.72

Beta-
blockers

Control 173.22 9226.99

ABMS 206.37 33.15 9109.96 117.03 3.53

DCCBs Control 159.27 9228.05

ABMS 195.98 36.71 9113.21 114.84 3.13

ABMS indicates appointment-based medication synchronization; ACE inhibitor, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin receptor blocker; DCCB, dihydropyridine calcium channel blocker.
aLexi-Drugs. Lexicomp Online website. http://www.online.lexi.com. Accessed April 15, 2015.
bHoldford D Saxena K. Impact of appointment-based medication synchronization on existing users of 
chronic medications. J Manag Care Spec Pharm. 2015;21(8):662-669.
cSokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medication adherence on hospital-
ization risk and healthcare cost. Med Care. 2005;43(6):521-30. The costs were adjusted by medical 
inflation index.
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annual medication refills. This study calcu-

lated the overall disease-related healthcare 

savings attributed to improved adherence 

due to ABMS and analyzed the cost-benefit of 

ABMS compared with standard pharmacy dis-

pensing from a payer perspective. 

Few studies have used cost-benefit analyses 

to model the costs and outcomes of communi-

ty pharmacy-based adherence interventions, 

and even fewer have taken a payer perspec-

tive.38,39 This study found that, due to improved 

adherence with ABMS, the disease-related 

medical savings per additional dollar spent on 

medications ranged from $1.25 to nearly $37 

for 6 classes of chronic medications. These 

results suggest that payer partnerships with 

pharmacies offering ABMS are cost-beneficial 

and provide a positive return on investment. 

ABMS works within the existing frame-

work of medication dispensing in a commu-

nity pharmacy setting to emphasize proactive 

medication management and consistent pa-

tient–provider communication. Because it can 

be incorporated into a pharmacy workflow, the 

nondrug cost of ABMS programs is minimal to 

the pharmacy and is provided free of charge to 

patients and payers. The combined low cost 

and high effectiveness of ABMS promotes more 

favorable cost-benefit ratios than expensive, 

but effective, educational and management in-

terventions40 and low-cost, but less effective, 

electronic and reminder interventions.41  

The addition of pharmacist compensa-

tion to ABMS programs was not justified in 

this economic model. Annual per-patient 

fees were not made up by medical savings of 

negative health consequences, although the 

results might change for populations who 

are at greater risk of chronic illnesses or if 

the analysis looked at a time period longer 

than 1 year. Furthermore, this analysis was 

limited to separate analyses for each medica-

tion class, when patients with diabetes and 

hypertension take, on average, 4.1 and 1.7 dis-

ease-related prescriptions, respectively.42,43

The widespread implementation of ABMS 

faces a number of barriers. Pharmacy benefit 

managers (PBMs) may not be incentivized to 

support ABMS under some business models. Additionally, ABMS 

would not benefit PBMs whose performance is measured solely on 

medication cost, as medication costs increase with improved adher-

ence. Here, the disease-specific medical savings would show up on 

TABLE 5. One-Way Sensitivity Analyses for Cost-Benefit, Expressed as Savings per 
Additional Dollar Spent, of ABMS Compared With Standard Pharmacy Dispensing for 
6 Chronic Medication Classes5,28,31,32,36,37,50

Sensitivity 
Scenario

Medication Class

Metformin Thiazides Statins

ACE 
Inhibitors/

ARBs
Beta-

Blockers DCCBs

Medication price

VA drug 
pricinga 245.0 40.0 300.6 62.8 163.2 196.5

Base  
(AWP – 70%)b 

37.0 1.3 10.8 1.7 3.5 3.1

AWP – 50% 22.2 0.8 6.5 1.0 2.1 1.9

AWP – 30% 15.8 0.5 4.6 0.7 1.5 1.3

AWPc 6.2 0.4 3.2 0.5 1.1 0.9

Annual ABMS cost 

Base ($0) 37.0 1.3 10.8 1.7 3.5 3.1

$100d 11.5 0.3 4.9 0.2 0.9 0.8

$150 8.6 0.2 3.9 0.1 0.6 0.6

$200 6.8 0.2 3.2 0.1 0.5 0.5

Total medical costs

Base – 20% 29.6 1.0 8.6 1.4 2.8 2.5

Basee 37.0 1.3 10.8 1.7 3.5 3.1

Base + 20% 44.4 1.5 12.9 2.1 4.2 3.8

Patient co-payment

Base  
($0 co-pay)

37.0 1.3 10.8 1.7 3.5 3.1

$5 co-pay 45.4 1.9 11.9 2.7 4.5 4.1

$10 co-payf 58.9 3.8 13.3 6.0 6.3 5.9

ABMS effectiveness

Base – 20% 35.6 Dominatedh 7.6 Dominatedh 2.0 1.9

Baseg 37.0 1.3 10.8 1.7 3.5 3.1

Base + 20% 36.2 1.4 10.8 1.7 3.0 2.7

ABMS indicates appointment-based medication synchronization; ACE inhibitor, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin receptor blocker; AWP, average wholesale price (minus 30%, 50%, 70%); 
base, base price; DCCB, dihydropyridine calcium channel blocker; VA, Veterans Health Administration.
aPharmaceutical catalog search. US Department of Veterans Affairs, National Acquisition Center 
(CCST) website. http://www.va.gov/nac/index.cfm?template=Search_Pharmaceutical_Catalog. Ac-
cessed April 13, 2015.
bAnderson BN, Cosway R. Effective contracting with pharmacy benefit managers: protecting a plan 
sponsor’s resources. Health Watch. 2010:22-27. http://us.milliman.com/uploadedFiles/insight/health-
published/effective-contracting-with-pharmacy.pdf. Accessed April 13, 2015.
cLexi-Drugs. Lexicomp Online website. http://www.online.lexi.com. Accessed April 15, 2015.
dPharmacy Healthcare Solutions, Inc. Medication therapy management programs: are they going as 
planned? AMCP website. www.amcp.org/WorkArea/DownloadAsset.aspx?id=12374. Published June 20, 
2008. Accessed April 30, 2015.
eSokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medication adherence on hospitalization 
risk and healthcare cost. Med Care. 2005;43(6):521-30. Adjusted to 2015 costs by medical inflation index.
f2014 Employer Health Benefits Survey. Kaiser Family Foundation website. http://kff.org/health-costs/
report/2014-employer-health-benefits-survey/. Published September 10, 2014. Accessed April 30, 2015.
gHoldford D Saxena K. Impact of appointment-based medication synchronization on existing users of 
chronic medications. J Manag Care Spec Pharm. 2015;21(8):662-669.
hABMS was dominated by standard dispensing for 2 antihypertensive drugs, reflecting the compara-
tively low medical costs reported by Sokol et al for patients with very low adherence (0%-20%). 
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the income statements of other payers. PBM disincentives might 

also exist for ABMS programs offered by pharmacies that are out-of-

network. ABMS programs might hinder PBM efforts to shift dispens-

ing to mail order services or influence terms of contract for rebates.  

Limitations

This research included several limitations. The adherence data 

was collected from the implementation of ABMS in a small phar-

macy chain offering services within a limited geography in Ohio. 

The impact of ABMS on adherence may not be duplicated for 

other populations in other settings, although ABMS programs of-

fered by other pharmacies in different geographic locations have 

shown similar effectiveness.26,27  

This study used data that reported associations between ABMS 

programs and adherence. The participants in the ABMS program 

opted into the program, which may have made them more likely 

or motivated to adhere to their medications. Matching ABMS pa-

tients to control patients based on prior adherence behavior and 

demographics aimed to minimize this potential bias. The analysis 

also did not control for other potential influences on medication 

adherence, including socioeconomic and insurance status, regi-

men complexity, and patient health status. Although increasing 

and decreasing the effectiveness of ABMS by 20% in sensitivity 

analyses did not substantially change the benefit-cost ratios, the 

impact of unmeasured confounders and self-selection bias on the 

association between ABMS programs and adherence is not known. 

Finally, this study used data that reported associations be-

tween medication adherence and disease-related costs based 

on the findings of an observational study, and the design of that 

study has important limitations.5 In their study of the association 

between medication adherence and healthcare costs, Sokol et 

al adjusted for demographic and health status variables, but the 

impact of prior adherence behavior and the healthy adherer ef-

fect on their findings is not known. These potential confounders 

may have biased the results of their observational study toward 

overestimating the association between improved adherence and 

lower healthcare costs. However, compared to a study by Roebuck 

et al,6 which employed more rigorous linear fixed-effects mod-

eling to account for the endogeneity of adherence, the Sokol et 

al study reports smaller decreases in healthcare costs associated 

with improved adherence. Beyond providing a more conservative 

estimate of the association between adherence and medical costs 

compared with that reported by Roebuck et al, the use of data from 

the study by Sokol et al in this model provided the opportunity to 

consider in the cost-benefit model the prescription and medical 

costs associated with 5, rather than 2, adherence categories. 

Additionally, disease-related costs by adherence level were report-

ed over a 1-year time frame. The conditions studied—diabetes, hyper-

tension, and hyperlipidemia—are chronic in nature and are linked to 

long-term sequelae, including myocardial infarction, stroke, and kid-

ney disease. The limited 1-year time frame utilized in this study may 

have underestimated the impact of ABMS on long-term adverse health 

events associated with nonadherence in chronic conditions. 

Future Research

This research reports the cost-benefit of a synchronization and 

appointment-based program for 6 classes of chronic medica-

tions. The adherence data for patients with ABMS-based care and 

usual dispensing practices were linked to previously published, 

claims-based data reporting the disease-specific medical costs 

associated with 5 levels of adherence. The direct effect of syn-

chronization, as it relates to patient outcomes and costs, has not 

been reported. Future research is needed to explore the impact of 

ABMS on adherence, costs, and outcomes in the same population. 

The cost-benefit of maintaining an ABMS program from a 

pharmacy perspective should also be explored. Synchroniza-

tion may improve control of medication inventory and efficient 

personnel scheduling. Improved adherence may also result in 

increased refill revenue. The impact of ABMS on front-end sales 

is unknown. ABMS may improve patient loyalty, but it may also 

reduce up-front sales due to fewer monthly pharmacy visits. 

Additional research could focus on expanding ABMS pro-

grams to include other chronic disease states, including chronic 

obstructive pulmonary disease44 and asthma,45 for which other 

adherence interventions have shown cost-beneficial results. Pre-

viously documented interventions have had limited impact on 

adherence to medications for depression,46 which has been asso-

ciated with significant increases in medical service utilization47; 

however, improved adherence may not reduce utilization.48 The 

cost-benefit of ABMS for depression is not known. 

A recent clinical and economic analysis of the use of liraglu-

tide in the treatment of type 2 diabetes concluded that adherent 

and persistent patients recorded higher total healthcare costs 

driven by higher pharmacy costs.49 This current study focused on 

the impact of ABMS on adherence to predominately generic oral 

medication classes. In these cases, an increase in medication us-

age confers minimal additional cost; expanding the use of inject-

able and biologic medications for chronic conditions may impact 

the benefit-cost ratios by substantially increasing the costs asso-

ciated with improved adherence. Future research may focus on 

the cost-benefit of ABMS with more expensive drug classes.

CONCLUSIONS
To our knowledge, this is the first study to evaluate the cost-bene-

fit of ABMS in community pharmacies. The results indicated that 

ABMS offers payers a positive return on investment. Although 

further research is needed to evaluate the long-term costs and 

outcomes of ABMS, payer partnerships with pharmacies offering 

ABMS may improve patient outcomes in a cost-beneficial manner.
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eAppendix 
 
Figure. Decision Tree of the Cost-Benefit of Appointment-Based Medication Synchronization 
Compared With Standard Dispensing Practices (control) 
 
 

 
 
ACE inhibitor indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; AWP, Average Wholesale Price; DCCB. dihydropyridine calcium channel blocker. 
aHoldford D Saxena K. Impact of appointment-based medication synchronization on existing 
users of chronic medications. J Manag Care Spec Pharm. 2015;21(8):662-669. 
bSokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medication adherence on 
hospitalization risk and healthcare cost. Med Care. 2005;43(6):521-30. The costs were adjusted 
to 2015 costs by medical inflation index. 
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