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BACKGROUND
Adherence to study medications is crucial to evaluating treatment 
effects in clinical trials. To assess whether in the SPRINT trial, adher-
ence and cardiovascular outcomes are associated regardless of inter-
vention assignment. 

METHODS
This study included 9,361 participants aged ≥50 years, recruited from 
102 clinics. Participants were randomized to a Standard Treatment 
Group (targeted systolic blood pressure [SBP] <140  mm Hg) or an 
Intensive Treatment Group (targeted SBP <120 mm Hg) and followed 
for incident cardiovascular events until the study was halted early for 
benefit. The 8-item Morisky Medication Adherence Scale (MMAS-8) 
was administered at baseline, and at the 12- and 48-month (or close 
out) visit.

RESULTS
Adjusting for covariates, there was no association between 
the baseline 8-item MMAS-8 and the likelihood of the primary 
composite endpoint, any of the secondary endpoints, or blood 
pressure (BP) control. Low adherence was associated with a 
higher body mass index, SBP, diastolic BP, and Patient Health 
Questionnaire, and high adherence was associated with a  
higher Montreal Cognitive Assessment. There was no difference 
in the MMAS-8 over time by treatment arm assignment. For the 
primary outcome (a composite of myocardial infarction, other 
acute coronary syndromes, stroke, heart failure, or death from 
cardiovascular causes), baseline odds ratios (95% confidence 
intervals) for the Low vs. Medium and vs. High; and, for Medium 

vs. High MMAS-8 were 1.02 (0.82–1.28), 1.07 (0.85–1.34), and 1.05 
(0.88–1.250).

CONCLUSIONS
In SPRINT, medication adherence as measured using the MMAS-8 was 
not associated with outcomes or BP control.
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Medication nonadherence is common and is associated 
with adverse outcomes and higher costs of care.1–5 In 2003, 
a World Health Organization statement suggested that 
improved medication adherence “may have a far greater im-
pact on the health of the population than any improvement 
in specific medical treatments.” 2 As former Surgeon General 
Dr C.  Everett Koop famously said, “Drugs don’t work in 
patients who don’t take them.” 3

We anticipated that participants in the intensive arm of 
the SPRINT trial might have lower adherence to the blood 
pressure (BP) intervention than participants in the standard 
arm since they were likely to require more medication to 
reach their target BP. In SPRINT, the primary measure of 
adherence was the 8-item Morisky Medication Adherence 
Scale (MMAS-8). Using a cut-point of less than 6 on the 
MMAS-8, the sensitivity and specificity of the 8-item scale 
for identifying low vs. higher adherers were estimated to be 
93% and 53%, respectively.6 One of the a priori areas of focus 
in the SPRINT trial was the influence of medication adher-
ence on clinical outcomes, so we assessed whether lower 
medication adherence was predictive of worse BP control 
and more frequent cardiovascular outcomes, regardless of 
the intervention assignment.

METHODS

Study design and oversight

SPRINT was a prospective, open-label, multicenter, 
randomized controlled trial conducted at 102 clinical sites 
(organized into 5 clinical center networks) in the United 
States, and Puerto Rico that compared standard (target 
systolic blood pressure [SBP] of <140  mm Hg) to inten-
sive (target SBP of <120 mm Hg) BP control in hyperten-
sive adults who were at high risk for cardiovascular disease 
(CVD) events. The primary composite endpoint was my-
ocardial infarction, other acute coronary syndromes, 
stroke, heart failure, or death from cardiovascular causes. 
The protocol for the trial is publicly available as is detailed 
inclusion and exclusion criteria and BP measurement 
methodology.7,8

SPRINT was sponsored by the NHLBI, with cosponsorship 
by the National Institute of Diabetes and Digestive and 
Kidney Diseases, the National Institute of Neurological 
Disorders and Stroke, and the National Institute on 
Aging. An independent data and safety monitoring board 
monitored unblinded trial results and safety events. The 
study was approved by the institutional review board at each 
participating study site.

The MMAS-8 was administered to all participants at the 
baseline, 12-, and 48-month (or close out) visit (use of the 
MMAS is protected by the US and International copyright 
laws. Permission for use is required). At every medication 
management visit, participants were administered a single-
item Visual Analogue Scale (VAS) that was used to screen 
for adherence. If the participant’s response to this item in-
dicated a possible problem with adherence or if the partic-
ipant was not at the appropriate BP target at a given visit, 
study personnel addressed the specific issues and barriers 
for each study participant that might have been preventing 

optimal adherence.7 In addition, a checklist of behavioral 
“red flags” was provided to clinic staff to enable identifica-
tion of participants who may be at risk for problems with 
adherence. Participants’ responses on the adherence meas-
ures and/or observation of “red flags” by clinic staff required 
specific actions to be taken by clinic staff.7

Study population

This study included 9,361 SPRINT participants aged 
≥50  years (Figure 1). Participants were recruited from 
102 clinics (3,331 women, 2,648 with chronic kidney di-
sease, 1,877 with a history of CVD, 3,962 minorities, and 
2,636 ≥75 years of age) between November 2010 and March 
2013 (Figure 1). Participants were required to meet  all 
the following criteria: an age of at least 50  years, a SBP of 
130–180  mm Hg and an increased risk of CVD events. 
Increased cardiovascular risk was defined by 1 or more of 
the following: clinical or subclinical CVD other than stroke; 
chronic kidney disease, excluding polycystic kidney disease, 
with an estimated glomerular filtration rate (ml/min/1.73 
m2) of 20 to less than 60  ml/min/1.73 m2 of body surface 
area (calculated with the use of the 4 variable Modification 
of Diet in Renal Disease equation); a 10-year risk of CVD of 
15% or greater (on the basis of a Framingham Risk Score >13 
(men); >16 (women); or an age of 75 years or older. Patients 
with diabetes mellitus, polycystic kidney disease, or prior 
stroke were excluded. All participants provided written in-
formed consent.

Randomization blinding and interventions

Eligible participants were assigned to a SBP target of either 
<140 mm Hg (the Standard Treatment Group) or <120 mm 
Hg (the Intensive Treatment Group).

Randomization was stratified according to clinical site. 
Participants and study personnel were aware of the study-
group assignments, but outcome adjudicators were not.

Baseline data collected

Demographic characteristics included age, sex, race, eth-
nicity, smoking and alcohol use history, body mass index, 
and level of education; the presence of clinical CVD (coro-
nary and/or peripheral arterial disease, including carotid ar-
tery disease or previous carotid endarterectomy or stenting); 
chronic kidney disease defined as estimated glomerular fil-
tration rate <60  ml/min/1.73 m2 estimated by the MDRD 
equation; urinary protein level; systolic and diastolic BP; 
antihypertensive use and fasting glucose and low-density li-
poprotein and high-density lipoprotein cholesterol.

Outcomes Clinical events were ascertained every 
3  months during follow-up using a structured interview 
to minimize ascertainment bias. Deaths were investigated 
at any time the clinical site staff became aware of a poten-
tial death. Additional sources, including searches of the 
National Death Index (NDI), were used to augment death 
ascertainment.
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Primary SPRINT endpoint The primary endpoint for 
SPRINT was a composite of myocardial infarction, other 
acute coronary syndromes, stroke, heart failure, or death 
from cardiovascular causes.

Secondary outcomes included individual CVD events 
(fatal and nonfatal myocardial infarction, stroke, and heart 
failure; acute coronary syndrome, and death attributable to 
CVD); all-cause mortality, congestive heart failure (CHF) 
death, and readmission for CHF.

Definition of outcomes CVD outcomes were ascertained 
primarily through surveillance for self-reported events, re-
view of pertinent medical records, and ECG collection and 
classification by members of the Morbidity and Mortality 
subcommittee masked to treatment assignment. Myocardial 
infarction was defined by assessing elements of the clinical 
presentation (signs and symptoms), results of cardiac en-
zyme determinations, and ECG readings, and was based on a 
2003 Scientific Statement by the American Heart Association, 
World Heart Federation Council on Epidemiology and 
Prevention, the European Society of Cardiology, the Centers 
for Disease Control and Prevention and the National Heart, 
Lung, and Blood Institute.9 The diagnosis of non-myocardial 
infarction ACS required hospitalization for evaluation, with 
documented new or changing cardiac ischemic symptoms. 
Furthermore, confirmatory evidence of CAD was required. 
Stroke was defined as the rapid onset of focal neurologic 
symptoms, headache, or meningism not due to other 
conditions (e.g., central nervous system infection), plus a le-
sion on brain imaging consistent with symptoms except when 
death occurs within 24 hours without resolution of symptoms. 
CVD death included fatal coronary heart disease, sudden 
cardiac death, CHF, stroke, and other noncardiac cardiovas-
cular events adjudicated centrally as the underlying cause of 
death. Death from CHF was based on hospital records and 
interviews with families. To verify self-reported diagnoses, 
copies were requested of all death certificates and medical 
records for all hospitalizations and outpatient cardiovascular 
diagnoses. If patients were admitted multiple times for CHF 
during the study period, only the first admission was utilized 
in the analyses. Atrial fibrillation or flutter in SPRINT was 
primarily detected from the scheduled study ECGs using 
Minnesota ECG classification.10 Other sources of detection 
included hospital discharge ICD code (ICD-10 code 148 or 
ICD-9 code 427.3) and self-report.

Exposure Medication adherence defined by the 
MMAS-8 score, as it has been shown that the MMAS-8 
is a reliable indicator of adherence to a medication reg-
imen and, has been significantly associated with BP con-
trol (P < 0.05).11,12 The level of adherence per the MMAS-8 
score was as follows: Low <6 points, Medium 6–7 points, 
and High 8 points.11

Statistical analyses

For inclusion in this analysis, participants randomized 
in SPRINT had to have a completed MMAS-8, Patient 
Health Questionnaire (PHQ-9), and Montreal Cognitive 
Assessment (MoCA) scores at baseline for inclusion in this 

analysis (Figure 1). The PHQ-9 is the major depressive dis-
order module of the full PHQ. PHQ is used to provision-
ally diagnose depression and grade severity of symptoms 
in general medical and mental health settings. For PHQ-
9, those with one to two missing responses, the average of 
nonmissing responses was used for the missing responses. 
The MoCA is a cognitive screening test designed to assist in 
the detection of mild cognitive impairment and Alzheimer’s 
disease. Depression status and severity and cognitive func-
tion have been associated with adherence.

For cohort characterization, descriptive statistics were cal-
culated for all variables: n (%) for categorical variables, mean 
(SD)/median (interquartile range) for continuous variables. 
Associations with baseline adherence level, unadjusted chi-
square analysis was conducted for categorical variables, and 
ANOVA with Tukey’s HSD or a Wilcoxon with Steel–Dwass 
for continuous variables and follow-up adherence group 
comparisons, as applicable. In addition to baseline systolic 
BP (mm Hg), and intervention arm (standard or intensive BP 
control), covariates previously shown to be related to adher-
ence were considered for covariate adjusted models: age (in 
years) at randomization, gender (female or male), race/eth-
nicity (White only, African American, Hispanic, or Other), 
body mass index (kg/m2), and smoking status (never, former, 
or current). Due to high association with MMAS-8, the 
PHQ-9 and MoCA scores were not considered as covariates. 
The rationale for covariates in the model testing the associa-
tion between MMAS and outcomes is not provided.

Log-rank chi-square statistics from covariate adjusted 
nominal logistic regression to determine association of base-
line MMAS with outcomes of interest (Yes or No): BP con-
trol, primary composite outcome of myocardial infarction, 
other acute coronary syndromes, stroke, heart failure, or 
death from cardiovascular causes; and secondary outcomes 
of individual CVD events of fatal and nonfatal myocardial 
infarction, stroke, and heart failure; acute coronary syn-
drome, and death attributable to CVD, all-cause mortality, 
CHF death, and readmission for CHF. Unadjusted Kaplan–
Meier analysis was used to assess median time to BP con-
trol and primary and secondary events by MMAS-8 baseline 
level, and Cox proportional hazards models were used to as-
sess MMAS-8 level while adjusting for covariates.

Due to the secondary nature of this data analysis, other 
than for the scoring of the PHQ-9, no imputation methods 
were utilized for any missing data, other than the outcomes 
as described in the SPRINT trial, and no adjustments were 
made for multiple testing. P values of <0.05 were considered 
significant. All analyses were performed using JMP Pro 
14/15 or SAS 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

At baseline, 21.3% were categorized as Low adherence using 
the MMAS-8, with 39.9% Medium, and 38.8% High adherence 
(Table 1). Low adherence was associated with a higher body 
mass index, SBP, diastolic BP, and PHQ-9, and high adherence 
was associated with a higher MoCA. Overall, there was no dif-
ference in the MMAS-8 over time by treatment arm assignment 
and, the score improved from baseline to 12 months (6.9–7.3) 
and at 48 months were similar to the 12-month MMSA-8.
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For the primary analysis after adjustment for covariates, 
there was no association between baseline MMAS-8 and the 
primary outcome (Table 2). There was also no association 
of the baseline MMAS-8 and the likelihood of a primary 
outcome. After adjustment for covariates, there was still no 
association between baseline MMAS-8 and likelihood of a 
Primary Event. There was also no association between the 
baseline MMAS-8 and timing of the Primary Event. Neither 
the baseline MMAS-8, nor the MMAS-8 over time was pre-
dictive of BP control. Tables 3 and 4 show the results of the 
MMAS-8 by SBP control in the standard and intensive arms.

Figure 2 shows the baseline MMAS-8 by SBP and Figure 3 
SBP control by MMAS-8 category, over time. No significant 
differences are noted either in SBP from baseline to closeout 
or the % whose BP was controlled over time. Specifically, in 
the Standard Treatment Group, the composite primary event 
occurred in 8.3%, 9.5%, and 9.0% in the Low, Medium, and 
High adherence groups, respectively; and, in the Intensive 
Treatment Group 6.4%, 7.0%, and 7.5%, respectively (P = 0.20). 

Supplementary Table S1 online lists the odds ratio (95% confi-
dence interval [CI]) for the covariate adjusted models. For the 
primary outcome, baseline odds ratios for the Low vs. Medium 
and vs. High; and, for Medium vs. High MMAS-8 were 1.02 
(0.82, 1.28); 1.07 (0.85, 1.34); 1.05 (0.88, 1.25) all NS.

Secondary events

There was no association between the baseline MMAS-8 
and any secondary event (CVD, stroke, heart failure, vas-
cular events, and death) (Supplementary Table S2 online).

DISCUSSION

Medication adherence is critical to the validity and gener-
alizability of any clinical trial and is a common and refrac-
tory problem. In this analysis of SPRINT, we did not observe 
any evidence that medication adherence as measured by the 
MMAS-8 varied by treatment arm, nor was it predictive of 
BP control or clinical outcome.

Figure 1. Cohort disposition. Abbreviation: BP, blood pressure; MMAS-8, 8-item Morisky Medication Adherence Scale; MoCA, Montreal Cognitive 
Assessment; PHQ-9, Patient Health Questionnaire.

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab145#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab145#supplementary-data
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Table 1. Baseline clinical characteristics by baseline Morisky score

Baseline characteristic  

Mean (SD) or N (%)

All  

(8,406)

Baseline Morisky Scale Adherence

P value

Low: <6  

(n = 1,787, 21.3%)

Medium: 6 < 8  

(n = 3,357, 39.9%)

High: 8+  

(n = 3,262, 38.8%)

Intensive treatment 4,219 (50.2) 900 (50.4) 1,660 (49.5) 1,659 (50.9) 0.5112

Age (years) 68.1 (9.4) 65.0 (9.3) 68.4 (9.3) 69.5 (9.1) <0.0001

Age ≥75 2,422 (28.8) 345 (19.3) 991 (29.5) 1,086 (33.3) <0.0001

Female 3,083 (36.7) 705 (39.5) 1,213 (36.1) 1,165 (35.7) 0.0224

Race/ethnicity

 Hispanic 906 (10.8) 209 (11.7) 323 (9.6) 374 (11.5) <0.0001

 African American 2,586 (30.7) 822 (46.0) 990 (29.5) 774 (23.7)

 White Only 4,781 (56.9) 721 (40.4) 1,990 (59.3) 2,070 (63.5)

 Other 133 (1.6) 35 (2.0) 54 (1.6) 44 (1.4)

Education levela

 Less than high school (HS) 718 (8.6) 193 (10.9) 286 (8.6) 239 (7.4) <0.0001

 HS diploma or GED 1,379 (16.6) 316 (17.9) 538 (16.2) 525 (16.3)

 Post HS/some college 2,970 (35.7) 689 (39.0) 1,176 (35.5) 1,105 (34.2)

 College graduate or higher 3,244 (39.0) 567 (32.1) 1,317 (39.7) 1,360 (42.1)

Smoking statusa

 Never 3,710 (44.4) 766 (43.2) 1,479 (44.3) 1,465 (45.1) <0.0001

 Former 3,608 (43.1) 648 (36.5) 1,487 (44.6) 1,473 (45.3)

 Current 1,045 (12.5) 361 (20.3) 372 (11.1) 312 (9.6)

 Pack years of smoking (including never): mean (SD) 12.2 (20.1) 11.4 (19.3) 12.7 (20.7) 12.2 (20.5) 0.4856c

Lives with other adultsa 5,976 (71.1) 1,268 (71.0) 2,355 (70.2) 2,353 (72.1) 0.2177

Health insurance 7,628 (90.7) 1,531 (85.7) 3,038 (90.5) 3,059 (93.8) <0.0001

Any drug benefits 6,519 (77.6) 1,286 (72.0) 2,570 (76.6) 2,663 (81.2) <0.0001

Alcohol abusea 338 (4.0) 106 (5.9) 118 (3.5) 114 (3.5) <0.0001

BMI (kg/m2)a 29.9 (5.6) 30.6 (5.9) 29.9 (5.5) 29.5 (5.5) <0.0001b

BMI category

 Underweight 41 (0.5) 9 (0.5) 17 (0.5) 15 (0.5) <0.0001

 Normal 1,482 (17.8) 272 (15.3) 587 (17.6) 623 (19.2)

 Overweight 3,249 (38.9) 644 (36.3) 1,285 (38.5) 1,320 (40.7)

 Obese 1,284 (42.9) 848 (47.8) 1,446 (43.4) 1,284 (39.6)

Cardiovascular disease 1,771 (21.1) 343 (19.2) 751 (22.4) 677 (20.8) 0.0243

Framingham 10-yr CVD riska 17.5 (2.5) 17.5 (2.5) 17.5 (2.5) 17.5 (2.5) 0.8660

Chronic kidney disease 2,501 (29.8) 447 (25.0) 1,038 (30.9) 1,016 (31.2) <0.0001

Systolic blood pressure (BP)a 139.0 (15.4) 139.9 (16.0) 138.6 (15.4) 139.1 (15.1) 0.0148b

Diastolic BPa 77.5 (11.7) 80.5 (12.1) 77.2 (11.6) 76.2 (11.3) <0.0001b

No. anti-hypertensive medications, median (IQR) 2 (1, 3) 2 (1, 3) 2 (1, 3) 2 (1, 3) 0.1714

Systolic BP

 <140 4,583 (54.5) 947 (53.0) 1,884 (56.1) 1,752 (53.7) 0.0188

 140–160 3,022 (36.0) 643 (36.0) 1,160 (34.6) 1,219 (37.4)

 160 801 (9.5) 197 (11.0) 313 (9.3) 291 (8.9)
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Table 2. Primary Event (a composite of myocardial infarction, other acute coronary syndromes, stroke, heart failure, or death from 
cardiovascular causes) by baseline Morisky score and treatment (N = 8,311)

Treatment Primary Event Overall (N = 8,311)

Baseline Morisky score

Low (N = 1,761) Medium (N = 3,319) High (N = 3,231)

Standard (N = 4,133) Yes 374 (9.1) 73 (8.3) 159 (9.5) 142 (9.0)

No 3,759 (91.0) 803 (91.7) 1,516 (90.5) 1,440 (91.0)

Intensive (N = 4,178) Yes 295 (7.1) 57 (6.4) 115 (7.0) 123 (7.5)

No 3,883 (92.9) 828 (93.6) 1,529 (93.0) 1,526 (92.5)

Abbreviations: BMI, body mass index; BP, blood pressure; MI, myocardial infarction. Adjusting for covariates (race/ethnicity, baseline BP, 
BMI), there is no association between baseline Morisky adherence score and likelihood of primary outcome. Number for analysis: 8,311 
participants with all baseline covariates (669 with event): myocardial infarction 181, non-MI acute coronary syndrome 74, cardiovascular death 
71, stroke 140. No difference in type of event and Morisky category, P = 0.1969.

Table 3. SPRINT Morisky score by SBP control at month 12 (standard arm)

Number (%) Overall (N = 3,738)

Month 12 SBP controlled status  

Standard arm ≤140 mm Hg

P valueNot controlled (N = 1,243) Controlled (N = 2,495)

Baseline

 Low adherence 769 (20.6) 235 (18.9) 534 (21.4) 0.1985

 Medium adherence 1,504 (40.2) 513 (41.3) 991 (39.7)

 High adherence 1,465 (39.2) 495 (39.8) 970 (66.2)

Month 12

 Low adherence 431 (12.4) 149 (12.8) 282 (12.2) 0.8409

 Medium adherence 1,319 (37.9) 443 (38.0) 876 (37.8)

 High adherence 1,734 (49.8) 574 (49.2) 1,160 (50.0)

Change from baseline to month 12

 Decrease in Morisky score 545 (15.6) 201 (17.2) 344 (14.8) 0.1629

 No change in Morisky score 1,839 (52.8) 610 (52.3) 1,229 (53.0)

 Increase in Morisky score 1,100 (31.6) 355 (30.5) 745 (32.1)

Abbreviation: SBP, systolic blood pressure.

Baseline characteristic  

Mean (SD) or N (%)

All  

(8,406)

Baseline Morisky Scale Adherence

P value

Low: <6  

(n = 1,787, 21.3%)

Medium: 6 < 8  

(n = 3,357, 39.9%)

High: 8+  

(n = 3,262, 38.8%)

PHQ-9 score, median (IQR) 2 (0, 4) 3 (1, 7) 2 (0, 4) 1 (0, 3) <0.0001c

MoCA (0–30) 22.7 (4.4) 22.5 (4.4) 22.8 (4.4) 22.8 (4.3) 0.0214b

MMAS-8, median (IQR) 7 (6.5, 8) 5.5 (4.5, 5.6) 7 (6.8, 7.8) 8 (8, 8) NA

Bolded P values indicate statistical significance.
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; IQR, interquartile range; MMAS-8, 8-item Morisky Medication Adherence 

Scale; MoCA, Montreal Cognitive Assessment; PHQ-9, Patient Health Questionnaire.
aN for education (8,311), smoking status (8,363), BMI (8,350), alcohol abuse (8,402), drug benefits (8,401), lives with other adults (8,403), 

and Framingham Risk Score (8,401).
bEqual variance F-test with Tukey’s HSD:
BMI: Low vs. Medium and High (both P < 0.0001), Medium vs. High (0.0072); systolic BP: Low vs. Medium (0.0104); diastolic BP: Low vs. 

Medium and High (both P < 0.0001), Medium vs. High (0.0010); MoCA: High vs. Low (0.0264), Medium vs. Low (0.0387).
cWilcoxon with Steel–Dwass median comparisons: PHQ-9: Low vs. Medium and High (both P < 0.0001), Medium vs. High (<0.0001).

Table 1. Continued
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Medication adherence

Long-term adherence to statins, angiotensin converting en-
zyme inhibitors, and β-blockers hovers around 50%–60%, regard-
less of insurance status, clinical indication, and setting.13,14 Even in 
the period immediately after acute myocardial infarction, a time 
during which one might expect patients to be particularly attuned 
to the importance of taking medications as prescribed, adherence 
is surprisingly low.15,16

Morisky score and outcomes

Adherence and outcomes have been associated in many 
studies, so the absence of this relationship in SPRINT is in-
teresting.17–19 In 2011, the NIH convened a panel of experts 
which was assembled by the NIH Adherence Network—a 
consortium of science officers working at many different 
NIH institutes, centers, and offices to review the current 
evidence-base behind self-report measures of medication 

Table 4. SPRINT Morisky score by SBP control at month 12 (intensive arm)

Number (%) Overall (N = 3,747)

Month 12 SBP controlled status  

Intensive arm ≤120 mm Hg

P valueNot controlled (N = 1,584) Controlled (N = 2,163)

Baseline

 Low adherence 775 (20.4) 319 (19.8) 456 (20.9) 0.1499

 Medium adherence 1,514 (39.9) 624 (38.7) 890 (40.8)

 High adherence 1,507 (39.7) 669 (41.5) 838 (38.4)

Month 12

 Low adherence 505 (13.5) 241 (15.2) 264 (12.2) 0.0212

 Medium adherence 1,385 (37.0) 585 (36.9) 800 (37.0)

 High adherence 1,857 (49.6) 758 (47.9) 1,099 (50.8)

Change from baseline to month 12

 Decrease in Morisky score 629 (16.8) 299 (18.9) 330 (15.3) <0.0001

 No change in Morisky score 1,961 (52.3) 850 (53.7) 1,111 (51.4)

 Increase in Morisky score 1,157 (30.9) 435 (27.5) 722 (33.4)

Abbreviation: SBP, systolic blood pressure.

Figure 2. Mean systolic BP over time (baseline [BL] to closeout) in the intensive and standard groups by baseline Morisky score (category [Cat], 
N = 8,311). Abbreviation: BP, blood pressure.
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adherence with an eye toward optimizing their selection 
and use. The panel was charged with reviewing the evidence 
base for self-report measures across major fields of chronic 
illness prevention and treatment and making best practice 
recommendations. They concluded that “self-report adher-
ence measures are readily integrated into clinical research visits 
and represent a low burden assessment approach that may be 
more acceptable to patients than alternatives. Unique types 
of self-report measures may be needed at different junctures 
within a clinical trial. For example, single-item measures in-
cluding Visual Analogue Scales (VAS) can be useful as brief 
adherence screens at medication management visits. Self-
report measures that can indicate reasons for nonadherence 
such as the Morisky adherence measure may be administered 
at baseline and during selected visits to ascertain adherence 
barriers to inform interventions to address and improve these 
challenges.” 20 Other adherence measures, such as the nonpro-
prietary Krousel-Wood and Hill–Bone Compliance meas-
ures, were also discussed.20 In summary, they noted that 
most evidence indicates that self-report adherence measures 
show moderate correspondence to other adherence meas-
ures and can significantly predict clinical outcomes.20 Since 
its development in 2009, the MMAS-8 has been used in more 
than 200 studies, although it has not been well studied in re-
lation to cardiovascular events. Over the past 2–3 years, use 
of the MMAS-8 in RCTs of medical adherence intervention 

regarding numerous chronic diseases has increased. Finally, 
the MMAS-8 has been used in 12 RCTs of treatments for 
acute coronary syndrome, diabetes mellitus, hypertension, 
chronic heart failure, and malignant neoplasms.6 There have 
been some criticisms of the MMAS-8. Moon et  al. stated, 
“for a cut-off value of 6, the MMAS-8 in a meta-analysis 
showed the pooled sensitivity and specificity in 12 studies 
were 0.43 (95% CI, 0.33 to 0.53) and 0.73 (95% CI, 0.68 to 
0.78), respectively,” so as with any other score, there is not a 
uniform association with outcomes.6 Finally, Muntner et al. 
assessed what was the minimal detectable change for scores 
on the MMAS-8; and, their results suggested that within-
person changes in MMAS-8 scores of 2 or more points over 
time might represent a real change in antihypertensive med-
ication adherence.21

There are several possibilities to account for the lack of 
association of adherence and outcomes in SPRINT. It is pos-
sible that the lack of association of outcomes, BP and ad-
herence, as measured by MMAS-8, was related to aspects 
of the study design. That is, perhaps the MMAS-8 was not 
associated with outcomes in SPRINT because participants 
were seen frequently (monthly for the first 3 months, then at 
least every 3 months, and more often in those not meeting 
BP goal), and if poor compliance as assessed by MMAS-8 
or VAS was observed at a visit, the importance of adherence 
was emphasized by study staff. Since this would have been 

Figure 3. BP control and adherence over time (N = 8,311). Abbreviation: BP, blood pressure.
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the same for both treatment groups, it could lead to a null 
finding. In addition, any potential participants with charac-
teristics judged by the clinic team to be likely to limit adher-
ence to interventions, including alcohol or substance abuse, 
lack of family support, and/or a history of poor adherence, 
were excluded from SPRINT. Participants were randomized 
to standard (<140  mm Hg) vs. intensive (<120  mm Hg) 
treatment groups. The trial provided free medications and 
visits with highly trained and emphatic staff. As noted in the 
previously published baseline assessment of medication ad-
herence in SPRINT (20), the participant selection process 
did not represent a random sample with respect to BP and 
antihypertensive medication numbers. Eligibility criteria for 
SBP at screening were 130–180, and furthermore those with 
higher baseline SBP were excluded unless the number of such 
meds at screening was relatively low; and those with SBP 
<130 at screening were also excluded. Taken together, the 
foregoing could be expected to attenuate the effect of medi-
cation adherence on outcomes in SPRINT. Additionally, the 
study was stopped early for benefit (the Intensive Treatment 
Group demonstrating fewer clinical events compared with 
the Standard Treatment Group), so it is possible that a 
longer study duration might have differentiated the low vs. 
high adherence subjects. It should be noted that interaction 
between the MMAS-8 adherence levels and the number 
of BP-lowering medications on SBP control at baseline in 
a prior SPRINT manuscript, was assessed and found to be 
nonsignificant, and this held for the Interaction effects of 
MMAS levels of adherence with gender, age (senior sub-
group), race/ethnicity, and chronic kidney disease. Also, as 
Moon et al. stated, “for a cut-off value of 6, the MMAS-8 in 
a meta-analysis showed the pooled sensitivity and specificity 
in 12 studies were 0.43 (95% CI, 0.33 to 0.53) and 0.73 (95% 
CI, 0.68 to 0.78), respectively,” so as with any other score, 
there is not a uniform association with outcomes.6 Another 
issue is the validity of the MMAS in chronic disease (and 
more particularly in chronic kidney disease) and correlation 
to specific clinical outcomes.

Strengths and limitations

The strengths of the SPRINT STUDY include a large 
randomized rigorously performed trial that had a hypotheses 
that could easily be answered; and, that it used validated score 
system to measure adherence. This lent itself well to analyze 
the relationship of medication adherence and outcome.

Limitations include the open-label design, and lack 
of a placebo control group, and the use of self-report for 
some variables. The main SPRINT trial was not designed 
to test the relationship between medication adherence 
and clinical outcomes. Inclusion and exclusion criteria 
impact generalizability and must be considered in the 
interpretation.

In conclusion, within setting of a large randomized 
controlled trial with well-defined protocols addressing med-
ication management, we did not observe any association 
between the MMAS-8 and clinical outcomes or BP control. 
Adherence to study medications and dosing protocols is cru-
cial to evaluating the effects of clinical trials, and one of the 

goals of SPRINT was the implementation of strategies that 
maximized participant adherence for the duration of the 
trial. We believe that was achieved in SPRINT and could act 
as a model to improve adherence in general.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of 
Hypertension online.
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