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For most adults, hypertension is an asymptomatic disease. 
Taking medications daily to treat uncontrolled blood pres-
sure (BP) (and reduce BP, decrease cardiovascular disease 
(CVD) risk,1 and prevent decline in quality of life)2 can be 
associated with medication side effects in some people (e.g., 
fatigue, sexual dysfunction, frequent urination),3 costs and in-
convenience of taking medications, stigma associated with the 
diagnosis and the treatment,4 and subconscious concern that 
taking medications daily will increase stress and interfere with 
other priorities5; all of which can negatively impact quality 

of life. Understandably, patients may consciously or subcon-
sciously weigh the immediate risk of taking BP medications 
(e.g., side effects) with delayed benefits (e.g., avoiding a future 
stroke) when deciding to take antihypertensive medications.6,7

Temporal discounting is the economists’ paradigm for 
measuring the degree to which people favor immediate over 
delayed outcomes during decision making, and therefore how 
they balance between sooner temptation and longer-term 
gratification.8,9 How people value rewards as a function of 
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BACKGROUND
In search of innovative approaches to the challenge of uncontrolled 
hypertension, we assessed the association between preference for 
immediate gratification (i.e., high discounting rate), low medica-
tion adherence, and uncontrolled blood pressure (BP) in adults with 
hypertension.

METHODS
Using a probability discounting model and the Collier–Williams hy-
pothetical discount rate framework, participants in this cross-sec-
tional study reported their preference for a smaller amount of 
money available immediately (high discount rate; immediate 
gratification preference) vs. a larger amount available 1 year later 
(low discount rate; delayed gratification preference). Multivariable 
Poisson regression was used to test the association of high 
discounting rates with low antihypertensive medication adherence 
using the validated 4-item Krousel-Wood Medication Adherence 
Scale (K-Wood-MAS-4 score ≥1). Mediation of the association be-
tween high discounting rate and uncontrolled BP (systolic/diastolic 
BP ≥ 130/80 mm Hg) by low adherence was tested using the coun-
terfactual approach.

RESULTS
Among 235 participants (mean age 63.7 ± 6.7 years; 51.1% women; 
41.9% Black), 50.6% had a high 1-year discount rate, 51.9% had low 
K-Wood-MAS-4 adherence, and 59.6% had uncontrolled BP. High 
discounting rates were associated with low adherence (adjusted prev-
alence ratio 1.58, 95% confidence interval (CI) 1.18, 2.12). Forty-three 
percent (95% CI 40.9%, 45.8%) of the total effect of high discount rate 
on uncontrolled BP was mediated by low adherence.

CONCLUSIONS
Adults with preference for immediate gratification had worse adher-
ence; low adherence partially mediated the association of high dis-
count rate with uncontrolled BP. These results support preference for 
immediate gratification as an innovative factor underlying low medi-
cation adherence and uncontrolled BP.
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time (i.e., how they make intertemporal choice) has proven 
to be a good predictor of their overall well-being, actual life-
time savings, and other outcomes.10–13 Prior research has 
examined the degree to which intertemporal choices that 
are present oriented (i.e., immediate gratification) can com-
promise current health care choices.14 Regarding hyperten-
sion, more present-oriented individuals (“high discounting” 
individuals—preference for immediate gratification) were less 
likely to check their BP regularly, to alter their diet to help con-
trol their hypertension, and to follow their physician’s advice15; 
however, associations with adherence and clinical outcomes 
were not assessed. Overall, there is a gap in knowledge as to 
whether time preference with hypothetical data corresponds 
to antihypertensive medication adherence and BP control and 
serves as a potential target for adherence interventions.

Consistent with the National Institutes of Health (NIH) 
Science of Behavior Change (SOBC) Initiative,16 intervention 
targets need to be measurable, malleable, and causally linked 
to behavior.16 Therefore, as a first step, we sought to expand 
on prior research and evaluate our hypotheses that time pref-
erence for immediate gratification (high discount rates) is as-
sociated with low medication adherence and uncontrolled BP 
in community dwelling Black and White women and men 
with established hypertension, using a temporal discounting 
paradigm. If the hypotheses are true, the results could lay the 
groundwork for future intervention studies to test whether tai-
loring patient–provider messages according to patient time 
preferences motivates adults with uncontrolled hypertension 
and low adherence to increase medication adherence behavior.

METHODS

Study design and sample

Community-dwelling adults, aged 55  years and above, 
were recruited into this cross-sectional study using commu-
nity outreach to senior centers and senior living institutions, 
and research registries (Tulane University Clinical 
Translational Unit’s Volunteer Research Registry) (n = 94); 
and membership lists of Blue Cross Blue Shield of Louisiana, 
a statewide commercial insurer (n = 142). Eligibility criteria 
included a diagnosis of hypertension with current treatment 
with antihypertensive medication ascertained by self-report 
and no moderate to severe cognitive impairment (defined as 
fewer than 3 errors on the brief cognitive 6-item screener).17 
Interviewer-administered questionnaires were used, and BP 
was measured by trained study staff. Only one person was 
excluded from the analysis due to incomplete self-reported 
adherence data, resulting in a sample size of n  =  235. The 
study was approved by the Tulane University Institutional 
Review Board, verbal informed consent was obtained from 
all participants, and all procedures were conducted in ac-
cordance with institutional guidelines.

Key predictor: discounting

We assessed each participant’s underlying temporal 
discounting factor using a modified version of the Collier and 
Williams method9 and questions adapted from prior work.18 
Each participant was provided a series of 10 questions that 

asked them to express a preference for $100 today (payoff 
now) compared to a higher amount in one year (payoff later); 
future amounts ranged from $105 to $212 (see Supplementary 
Table 1). Specific dollar amounts were chosen to span a typical 
range of discount rate as identified in prior work.

The discount rate associated with each choice was calculated 
as 12 × [e(ln(future payoff) − ln(now payoff))/12 − 1]. One-year discount rate 
was defined as the average between an implied lower bound 
(participant prefers payoff now) and the implied upper bound 
(participant prefers a payoff later). We identified the upper and 
lower bounds of their implied discount rates associated with 
the choice where they switched from preferring the payoff now 
to preferring the later 1-year payoff. For example, if the switch 
occurred between the choice of “$100 now/$120 in a year” and 
“$100 now/ $133 in a year,” we inferred that the individual’s 
discount rate was between 18.4% and 28.9%. Those who pre-
ferred the smallest 1-year payoff (i.e., when offered “$100 now/ 
$105 in a year,” chose “$105 in a year”) were assigned a discount 
rate between 0% and 4.9%, while those who did not switch to 
preferring the 1-year payoff even for the highest future payoff 
offered (i.e., when offered “$100 now/$212 in a year,” chose 
“$100 now”) were assigned a discount rate between 77.5% and 
100%. High discount rate was defined as 1-year discount rate 
greater than the sample average.

Outcome measures: antihypertensive medication 
adherence and blood pressure

We assessed antihypertensive medication adherence 
using the validated open access self-report tool (the 4-item 
Krousel-Wood Medication Adherence Scale, or K-Wood-
MAS-4). The K-Wood-MAS-4 was developed to predict 
pharmacy refill adherence in a sample of older women 
and men of Black and White race taking antihypertensive 
medications:19 using pharmacy refill in the prior year as the 
reference standard, the 4-item scale had moderate discrim-
ination (C statistic of 0.704, 95% confidence interval (CI) 
0.683-0.714); had sensitivity and specificity of 67.4% and 
67.8%, respectively; and performed comparably to other 
published self-report adherence tools. Low K-Wood-MAS-4 
adherence (score ≥ 1)  is associated with uncontrolled BP 
(adjusted odds ratio (aOR) = 1.29, 95% CI 1.01, 1.65), in-
cident CVD (adjusted hazard ratio  =  2.29, 95% CI 1.61, 
3.26),1 and decline in mental health related quality of life 
(aOR = 1.32; 95% CI 1.08,1.62).2 The tool is comprised of 
4 items assessing different factors: forgetfulness, intention-
ally missing pills when one feels better, medication-taking 
self-efficacy, and physical health limitations (Supplementary 
Table 2). One point is assigned for each item response 
indicating suboptimal medication-taking, low self-efficacy, 
or physical health limitations. The K-Wood-MAS-4 score is 
calculated as the sum across items (range 0–4); low adher-
ence is defined as K-Wood-MAS-4 score ≥ 1.

BP was measured by trained study staff using an 
oscillometric Omron Professional Intellisense Blood Pressure 
Monitor HEM-907XL. Uncontrolled BP was defined as sys-
tolic BP ≥ 130 mm Hg or diastolic BP ≥ 80 mm Hg based on 
the 2017 Guideline for the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure in Adults.20

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab175#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab175#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab175#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab175#supplementary-data
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Covariates

Social Determinants of Health (SDOH), including dem-
ographic, clinical, and psychosocial covariates, were de-
fined using published conceptual frameworks describing 
determinants of antihypertensive medication adherence.21–23 
Demographic characteristics included age, sex (male vs. fe-
male), race (Black vs. White), marital status (married or 
cohabitating vs. other), and education (high school educa-
tion or less vs. greater than high school education). Clinical 
characteristics included hypertension duration (<10  years 
vs. ≥10  years), body mass index (BMI; calculated as kg/
m2),24 medication burden (<6 medications per day vs. ≥6 
medications per day), emergency room (ER) visit or hospital-
ization in the last 2 years, and cardiometabolic comorbidities 
(self-reported diabetes, heart failure, myocardial infarction, 
stroke, or renal failure; dichotomized as 0 vs. ≥1). Depressive 
symptoms were assessed using the validated 8-item Patient 
Health Questionnaire depression scale (PHQ-8) and de-
pressive symptoms were defined as PHQ-8 score ≥10.25 
Psychosocial characteristics included trust in healthcare 
provider, beliefs about medications, and medication-taking 
self-efficacy. Trust in healthcare provider was assessed using 
the 11-item Trust in Physicians Scale (TPS),26 with “health-
care provider” substituted for “physician” across items. Low 
trust in healthcare provider was defined as a score in the 
lowest tertile of the distribution of scaled mean TPS scores. 
Beliefs about medications were assessed with the Beliefs 
about Medications Questionnaire (BMQ)-Specific:27 low ne-
cessity beliefs and high concerns beliefs about medications 
were defined as scores in the lowest and highest tertile of 
the distribution for the necessity and concerns subscales, re-
spectively. Finally, low self-efficacy in managing hyperten-
sion was defined as a mean score <9 on a 5-item validated 
measure of self-efficacy to manage disease.28

Statistical analyses

Pearson’s chi-squared tests and Student’s t-tests were used 
to test for differences in participant characteristics by high 
vs. low 1-year discount rate. A separate multivariable Poisson 
regression model was used to estimate the prevalence ratio 
(PR) and 95% CI for the association of high 1-year discount 
rate with low K-Wood-MAS-4 adherence. The initial model 
was adjusted for demographic factors including age, sex, 
race, marital status, and education. Subsequent models were 
also adjusted for (1) hypertension duration, BMI, medica-
tion burden, cardiometabolic comorbidities, and depressive 
symptoms, and (2) trust in healthcare provider, beliefs about 
medications, and medication-taking self-efficacy.

To explore associations between high discount rates 
and low medication adherence by demographics, stratified 
analyses were performed by sex (male vs. female), race (Black 
vs. White), and age (<65 years vs. ≥65 years). Given the lim-
ited sample sizes for sub-groups, we limited the number of 
control variables included in the models to age, sex, race, 
marital status, and education (excluding the stratifying var-
iable). Effect modification by age (<65 years vs. ≥65 years), 
sex, and race was tested by including a high discount rate-by-
sex, high discount rate-by-race, or high discount rate-by-age 

interaction term in the demographics-adjusted model for 
the overall sample.

Finally, we tested mediation of the association between 
high discount rate and uncontrolled BP by low K-Wood-
MAS-4 adherence using the counterfactual approach29; lo-
gistic regression was used for both outcome and mediator 
models. The natural direct effect, natural indirect effect, and 
marginal total effect were calculated using Stata’s paramed 
command and bias-corrected 95% CI were calculated using 
500 iteration bootstraps. The percent mediated was calcu-
lated from model coefficients; the CI was estimated using 
a bootstrap resampling procedure with 500 iterations. All 
analyses were performed using Stata v14.1 (StataCorp, 
College Station, TX). The figure was created using R 3.4.3 
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Participant characteristics

The overall sample of 235 participants was 51.1% female, 
41.9% Black, with a mean age of 63.7 years (SD 6.7) (Table 
1). Most participants were married (52.1%), had more than 
a high school education (81.3%), and had a diagnosis of hy-
pertension for at least 10 years (66.2%). The mean BMI was 
31.6 kg/m2 (SD 6.3). The average discount rate at 1 year was 
0.49 (SD 0.30), with 50.6% classified as having a high 1-year 
discount rate (i.e., preference for immediate gratification). 
Low adherers accounted for 51.9% of the sample and 59.6% 
of participants had uncontrolled BP.

Participants with high (immediate gratification) vs. low 
(delayed gratification) 1-year discount rate were more likely 
to be Black (58.0%, vs. 25.2%, P  <  0.001), have 1 or more 
cardiometabolic comorbidities (58.8% vs. 33.0%, P < 0.001), 
and have low trust in healthcare providers (48.3% vs. 35.1%, 
P = 0.044). Those with high vs. low discount rates were also 
less likely to be married (42.9% vs. 61.7%, P = 0.004), and 
less likely to have more than a high school education (75.6% 
vs. 87.1%, P = 0.025). Mean BMI differed for those with high 
vs. low 1-year discount rate (33.0 kg/m2 (SD 7.1) vs. 30.2 kg/
m2 (SD 5.1), P < 0.001). Participants with high vs. low 1-year 
discount rate were more likely to have low K-Wood-MAS-4 
adherence (64.7% vs. 38.8%, P < 0.001) and uncontrolled BP 
(67.0% vs. 52.2%, P = 0.022).

Association of high discount rate with low medication 
adherence

In the fully adjusted model predicting medication ad-
herence, high 1-year discount rate was associated with low 
K-Wood-MAS-4 adherence (aPR = 1.58, 95% CI 1.18, 2.12, 
P  =  0.002) (Table 2). In demographics-adjusted stratified 
models, the association between high 1-year discount rate 
and low K-Wood-MAS-4 adherence was stronger for males 
(aPR  =  1.83, 95% CI 1.22, 2.74, P  =  0.003) than females 
(aPR = 1.33, 95% CI 0.91, 1.93, P = 0.142), though this differ-
ence was not statistically significant (P-interaction = 0.277) 
(Figure 1). The association between high 1-year discount 
rate and low K-Wood-MAS-4 adherence was for White 
(aPR  =  1.59, 95% CI 1.10, 2.29, P  =  0.013) and Black 
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(aPR  =  1.47, 95% CI 0.96, 2.23, P  =  0.073) participants 
(P-interaction = 0.831); and for <65 years old (aPR = 1.53, 95% 
CI 1.11, 2.11, P = 0.009) and ≥65 years old (aPR = 1.54, 95% 
CI 0.89, 2.69, P = 0.126) participants (P-interaction = 0.784).

Mediation analysis

Using the counterfactual approach to mediation anal-
ysis, 43% (95% CI 40.9%, 45.8%) of the total effect of high 
1-year discount rate on uncontrolled BP was mediated 
by low K-Wood-MAS-4 adherence (natural direct ef-
fect: aOR = 1.44, 95% CI 0.65, 2.98; natural indirect effect: 
aOR = 1.32, 95% CI 1.05, 1.70; Table 3).

DISCUSSION

While there are multiple established factors influencing 
antihypertensive medication adherence behavior,21,22 to 
our knowledge, the associations between time preference 
for immediate gratification and low medication adherence 
(using an open access validated self-report adherence tool) 
and uncontrolled BP have been understudied. Our recent 
research has revealed the relatively low proportion of vari-
ance in both objective (6.4% for PDC) and subjective (14.8% 

for K-Wood-MAS-4) adherence explained by traditional 
risk factors in a sample of older adults; these results provide 
insight into why current adherence interventions focused 
on traditional risk factors have not resulted in more than 
modest improvements in adherence behavior.23 Persistent 
low adherence rates coupled with the low explanatory power 
of traditional barriers suggest other factors may be at play, 
including people’s time preferences. This suggests a gap in 
our current understanding of how patients weigh risks and 
benefits of taking BP medications and the need to examine 
this problem in novel ways.

Compared with adults with low discount rate (prefer-
ence for delayed gratification) adults with high discount rate 
(preference for immediate gratification) had low medication 
adherence. Thus, those who favored the lesser vs. the greater 
reward when it was available immediately reported, on av-
erage, worse adherence. The data also support an indirect 
effect of high discounting rate on BP control via medication 
adherence. Our results suggest an alternate approach to un-
derstanding medication adherence in adults with hyperten-
sion and add to the current knowledge about the associations 
between time preferences and adherence to antihypertensive 
medications and BP control. Chapman et al.30 reported that 
responses to a monetary time preference scenario were not 

Table 1. Participant characteristics (n = 235)

Overall  

% (n)  

or  

Mean (SD)

1-year discount rate

Low  

% (n)  

or  

Mean (SD)

High  

% (n)  

or  

Mean (SD) P-value

Demographic and clinical characteristics

 Age, mean (SD) 63.7 (6.7) 63.8 (6.8) 63.7 (6.7) 0.960

 Female, % (n) 51.1 (120) 49.1 (57) 52.9 (63) 0.560

 Black race, % (n) 41.9 (98) 25.2 (29) 58.0 (69) <0.001

 Married, % (n) 52.1 (122) 61.7 (71) 42.9 (51) 0.004

 Greater than high school education, % (n) 81.3 (191) 87.1 (101) 75.6 (90) 0.025

 Hypertension diagnosed ≥10 years ago, % (n) 66.2 (155) 66.4 (77) 66.1 (78) 0.964

 Body mass index, mean (SD) 31.6 (6.3) 30.2 (5.1) 33.0 (7.1) <0.001

 ≥6 medications per day, % (n) 49.4 (116) 44.0 (51) 54.6 (65) 0.102

 ER visit or hospitalization, last 2 years, % (n) 39.2 (92) 34.5 (40) 43.7 (52) 0.148

 ≥1 cardiometabolic comorbidity, % (n) 46.2 (108) 33.0 (38) 58.8 (70) <0.001

 Depressive symptoms, % (n) 10.4 (24) 10.4 (12) 10.4 (12) 1.000

Patient attitudes and beliefs

 Low trust in healthcare provider, % (n) 41.7 (95) 35.1 (40) 48.3 (55) 0.044

 Low necessity beliefs about medications, % (n) 37.5 (88) 39.7 (46) 35.3 (42) 0.490

 High concerns beliefs about medications, % (n) 27.2 (64) 23.3 (27) 31.1 (37) 0.178

 Low medication-taking self-efficacy, % (n) 58.4 (135) 57.0 (65) 59.8 (70) 0.665

Medication adherence and blood pressure outcomes

 Low K-Wood-MAS-4 adherence, % (n) 51.9 (122) 38.8 (45) 64.7 (77) <0.001

 Uncontrolled blood pressure, % (n) 59.6 (137) 52.2 (60) 67.0 (77) 0.022

Abbreviations: ER, emergency room; K-Wood-MAS-4, 4-item Krousel-Wood Medication Adherence Scale; SD, standard deviation.
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significantly correlated with any adherence measure (i.e., 
self-report, pill count, or BP) in a sample of 195 older adults 
with hypertension (mean age 79.2 years, 65.9% women, race 
not reported). More recently, Sansbury et al.31 reported the 
first cross-sectional evidence that future time perspective 
(preference for delayed gratification) and age showed direct 
effects on increased medication adherence (178 adults—
mean age 62.9; 61.2% women; 30.3% Black—with hyper-
tension and diabetes). Of note, the Chapman study included 
older participants than the Sansbury study. The inconsistent 
findings may be explained by prior work on how increasing 
age influences a shorter perceived residual lifespan that 
shifts people’s focus from prolonging life in the future to 
enjoying the present.32 This highlights the need for tailoring 
interventions according to subjective residual lifespan which 
could be influenced by age and the severity of illness.33 
Our study, which includes a sample of adults (mean age 
63.7  years), extends the existing knowledge by supporting 
the potential role for preference for immediate gratifica-
tion as a key factor underlying low medication adherence, 

which is itself associated with uncontrolled BP, and for use 
of behavioral economic models in understanding patients’ 
health decision making and behaviors. These data align with 
the expanded conceptual framework that incorporates time 
preference as an emerging determinant of medication taking 
behavior.23

Similar to our findings, other studies assessing the effect 
of time preferences in heart failure,33 diabetes,31,34 and mul-
tiple sclerosis35 reported significant associations between 
time preferences and real-world health behaviors, suggesting 
a role for time preferences underlying medication adherence 
behaviors across chronic diseases.

Clinical perspective

With current research findings linking time preferences, 
temporal discounting and medication adherence decision 
making and behavior change,31,36 time preference for imme-
diate gratification may serve as modifiable factor underlying 
poor medication adherence. According to Brown and Segal,7 

Table 2. Associations between high 1-year discount rate and low medication adherence (n = 235)

Low K-Wood-MAS-4 adherence (score ≥ 1)

Unadjusted  

PR (95% CI)

Model 1  

PR (95% CI)

Model 2  

PR (95% CI)

Model 3  

PR (95% CI)

High 1-year discount rate 1.67***  
(1.28, 2.17)

1.56**  
(1.18, 2.06)

1.63***  
(1.22, 2.16)

1.58**  
(1.18, 2.12)

Age  0.98  
(0.96, 1.00)

0.98  
(0.96, 1.00)

0.98  
(0.96, 1.00)

Female  0.93  
(0.73, 1.19)

0.88  
(0.68, 1.14)

0.93  
(0.72, 1.21)

Black race  1.29  
(0.99, 1.69)

1.39*  
(1.06, 1.82)

1.36*  
(1.03, 1.79)

Married  1.02  
(0.80, 1.30)

0.99  
(0.77, 1.27)

1.00  
(0.78, 1.28)

Greater than high school education  1.28  
(0.93, 1.75)

1.40*  
(1.02, 1.92)

1.29  
(0.95, 1.76)

Hypertension diagnosed ≥10 years ago   1.03  
(0.78, 1.36)

0.99  
(0.75, 1.31)

Body mass index   0.99  
(0.97, 1.01)

0.99  
(0.97, 1.01)

≥6 medications per day   1.01  
(0.77, 1.33)

0.96  
(0.74, 1.26)

≥1 cardiometabolic comorbidity   0.88  
(0.66, 1.17)

0.94  
(0.71, 1.25)

Depressive symptoms   1.61**  
(1.21, 2.14)

1.45*  
(1.05, 2.01)

Low trust in healthcare provider    1.05  
(0.82, 1.34)

High concerns beliefs about medications    1.12  
(0.86, 1.45)

Low medication-taking self-efficacy    1.17  
(0.89, 1.55)

Model 1 adjusted for age, sex, race, marital status, and education. Model 2 adjusted for covariates in Model 1 plus hypertension duration, 
body mass index, medication burden, cardiometabolic comorbidities, and depressive symptoms. Model 3 adjusted for covariates in Model 2 
plus trust in healthcare provider, beliefs about medications, and medication-taking self-efficacy. Abbreviations: CI, confidence interval; K-Wood-
MAS-4, 4-item Krousel-Wood Medication Adherence Scale; PR, prevalence ratio.

*P < 0.05, **P < 0.01, ***P < 0.001.
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temporal orientation is something learned, which implies it 
can be unlearned and thus is modifiable. Because the benefits 
of treating hypertension are primarily focused on the future, 
there is a need for interventions and monitoring strategies 
that assist people focused on immediate gratification to 
make the connections between taking daily medications 
now and avoiding future adverse consequences.

When health care providers and professionals encounter 
patients who are low adherers and have high discount 
rate (preference for immediate gratification), healthcare 
recommendations can be tailored to emphasize the imme-
diate benefits from taking medications as prescribed to con-
trol hypertension and to build a therapeutic alliance that 
capitalizes on new intrinsic motivation for medication ad-
herence.31 Furthermore, insurers and employers may employ 
immediate incentives for improvements in medication ad-
herence—such as lottery payouts to enrollees who regularly 
fill antihypertensive medications and maintain BP control. 
If proven effective, successful interventions could empower 

patients to improve health behaviors and outcomes and re-
duce the high burden of hypertension and its sequalae.

Limitations and strengths

Limitations This was a cross-sectional study with a 
sample of adults (mean age 63.7 years, 52.1% married, 81.3% 
with greater than high school education, 51.1% women, 
and 41.9% Black) from one region of the United States 
and generalizability is limited; causal inferences cannot 
be made. The study was not powered to fully explore sub-
group differences; however, the information is helpful in 
describing patterns by age, race, and sex for the association 
between time preferences and adherence behavior, in pla-
nning future studies and in conducting systematic reviews 
and meta-analyses. Future work in larger, more diverse 
samples would allow for additional insight. An indirect, 
self-report adherence measure was used and cannot verify 
actual medication taking; however, low K-Wood-MAS-4 ad-
herence is associated with pharmacy refill, uncontrolled BP, 
incident CVD events, and decline in mental quality of life.1,2 
While we included education level as a surrogate for socio-
economic status (SES), we were unable to fully explore the 
confounding effect of SES on the association between high 
discounting rate and low antihypertensive medication ad-
herence. Although there is a potential limitation of social 
desirability bias in participant responses to the discounting 
questions, it is unlikely to be a significant factor in this anal-
ysis given the pattern of participant responses yielding a low 
number with very low discount rates and the prior research 
validating the method. Finally, while analyses adjusted for 
many key SDOH influencing antihypertensive medication 
adherence,21,37–40 future work should also consider other 
factors such as medication regimen complexity,23,31 percep-
tion of susceptibility to complications,31 implicit attitudes to-
ward medications,23,41 and socioeconomic status.

Table 3. Mediation of association between high 1-year discount 
rate and uncontrolled blood pressure by low adherence

Natural direct effect, aOR (95% CI) 1.44 (0.65, 2.98)

Natural indirect effect, aOR (95% CI) 1.32 (1.05, 1.70)

Marginal total effect, aOR (95% CI) 1.90 (0.80, 3.97)

% of total effect mediated (95% CI) 43.1% (40.9%, 45.8%)

Bias-corrected confidence intervals reported for 3 effect estimates. 
Outcome and mediator models adjusted for age, sex, race, mar-
ital status, education, hypertension duration, body mass index, 
medication burden, cardiometabolic comorbidities, depressive 
symptoms, trust in healthcare provider, beliefs about medications, 
and medication-taking self-efficacy. Abbreviations: aOR, adjusted 
odds ratio; CI, confidence interval.

Figure 1. Associations between high 1-year discount rate and low adherence assessed by the 4-item Krousel-Wood Medication Adherence Scale, 
overall and by sex, race, and age. Models adjusted for age (<65 years vs. ≥65 years), sex, race, marital status, education (minus the stratifying variable). 
P-value for interaction come from separate fully adjusted models for overall sample. *P < 0.05, **P < 0.01.
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Strengths This study contributes to existing evidence 
regarding an understudied link between time preferences 
in medication-taking decisions and medication adherence 
behavior and clinical outcomes in a sample of community-
dwelling older adults (51.1% women) with treated hyper-
tension, and an objective measure of BP control assessed by 
trained study staff. Our study included a high proportion of 
Blacks (41.9%), a population with reported high rates of low 
adherence to antihypertensive medications and uncontrolled 
BP and bearing a significant burden of hypertension and its 
sequelae. Our findings are consistent with Brown and Segal7 
who reported that Blacks as compared to Whites were more 
present-oriented (immediate gratification) regarding their 
daily experiences with managing hypertension. Given the 
opportunities to improve health and medical care provided 
to racially and ethnically diverse populations and address the 
adverse impact of comorbid hypertension on the dispropor-
tionate burden of COVID-19 in vulnerable groups,42 there 
is an urgent need to identify and address novel mechanisms 
underlying poor adherence behavior across racial groups. 
These findings suggest time preference as a potential target 
for adherence research among minority populations aimed 
at improving medication-taking behavior.

Preference for immediate gratification was directly as-
sociated with worse medication adherence and indirectly 
associated with uncontrolled BP in adults with established 
hypertension. These results signal the potential for time 
preferences as a novel target for improving medication-
taking behavior and blood pressure control.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of 
Hypertension online.
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