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Abstract

Evening dosing of antihypertensive medications lowers nighttime blood pressure and, in one large
randomized trial, reduced risk for cardiovascular outcomes. However, feasibility of nighttime
dosing in routine clinical practice is unknown. The purpose of this pilot study was to evaluate the
effect of a brief pharmacist intervention to assign patients to take antihypertensive medications at
specific times of the day. In this pilot, randomized controlled trial, 79 patients with moderate to
severe CKD taking one or more antihypertensive medications once daily were randomized to take
one once daily antihypertensive either in the morning or the evening. A total of 79 patients were
randomized (39 to morning dosing, 40 to evening dosing). Average (SD) age was 56.5 (14) years,
68% were male, and average (SD) estimated glomerular filtration rate was 36.6 (8.9) mL/min/
1.73m2. Adherence, defined as taking the once daily medication at the time indicated 6 or 7 times
in the last 7 days and not taking it at any other time during the day, was 91% in the morning arm
and 95% in the evening arm (P=0.57). This pilot demonstrates the feasibility and efficacy of a
pharmacist-physician collaborative to assign one-daily antihypertensive medications to either
morning or evening dosing.
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Background

Hypertension is a major risk factor for cardiovascular and renal disease and is often
associated with premature mortality worldwide. Previous trials have demonstrated that
treatment of hypertension reduces the risk for cardiovascular disease and all-cause mortality
(1,2). Nearly all prior studies have investigated the effect of reduction in clinic blood
pressure rather than in ambulatory blood pressure. Clinic blood pressures are taken during
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daytime hours, while ambulatory blood pressure monitoring allows for the assessment of
blood pressure throughout the day and night (3). Nighttime systolic blood pressure, which
can be lowered through evening dosing of antihypertensive medications, has been shown to
be predictive of cardiovascular disease and all-cause mortality (2-4), as well as the risk of
renal events (5,6). Additionally, nighttime blood pressure is elevated in patients with CKD
and proteinuria (7). In one large, single center, randomized controlled trial, evening dosing
of antihypertensive medications significantly reduced the risk of cardiovascular events (8),
including among those with CKD (9).

Pragmatic randomized controlled trials are currently being planned or are underway to
evaluate whether evening dosing of antihypertensives reduces adverse outcomes (10,11).
However, the feasibility of evening dosing in routine clinical practice is unknown. Studies
have demonstrated pharmacist-physician collaborative interventions have successfully
reduced nighttime blood pressure (12,13). Research has also examined the value of
pharmacist-based interventions to improve medication adherence, and has illustrated that
pharmacists play a unique role in improving blood pressure control in patients with and
without CKD (14-21). These studies suggest that a pharmacist-physician collaborative may
be a feasible strategy to implement evening dosing of antihypertensive medications,
although there is little data regarding how these interventions affect patient adherence to
their once daily medication.

We conducted a pilot study to evaluate the feasibility of a brief pharmacist intervention to
assign antihypertensive medications to morning versus evening dosing and examine the
effect on short-term medication adherence.

Study Design and Patient Population

This study was a prospective, randomized trial of patients visiting the University of
Minnesota Physicians (UMP) Nephrology Clinic from January 2014 to April 2015. Patients
aged 18-90 years of age who were taking one or more once-daily non-diuretic
antihypertensive medications were identified from their electronic health record. Only
patients with moderate to severe kidney disease were included. Specifically, we included
those with an estimated glomerular filtration rate (eGFR) of 20-45 ml/min/1.73m? or those
with an eGFR of 45-60 ml/min/1.73m2 who also had proteinuria, defined by either a urine
albumin to creatinine ratio >300mg/g or a urine protein to creatinine ratio >500mg/g.
Pregnant women and those with conditions or characteristics that could inhibit follow-up
and/or medication adherence (e.g., non-English speaking, disabled) were excluded.

A student pharmacist approached eligible patients in their exam room at their next
nephrology clinic visit and asked if they were interested in participating in the study. If the
student pharmacist was unable to contact the patient at the time of the clinic visit, the student
called the patient and consent was obtained over the phone. Informed consent was obtained
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from all participants. The University of Minnesota’s Institutional Review Board approved
the protocol for this study.

— Study Groups

Participants were randomized 1:1 in computer generated blocks of 2, 4, and 6 to one of two
antihypertensive dosing treatment groups (morning or evening). The student pharmacist
reviewed each participant’s antihypertensive medications with a focus on the once-daily
antihypertensive assigned to the morning or evening study group. The student pharmacist
gave each participant a personal medication record with specific instructions regarding the
once-daily antihypertensive medication assigned to morning or evening dosing. If a patient
was taking more than one antihypertensive medication, only one was used for the current
study, with priority given to angiotensin-converting enzyme (ACE) inhibitors or angiotensin
receptor blockers (ARBS), then to calcium channel blockers (CCB), beta-blockers, and then
finally to other non-diuretic antihypertensive medications. Patients taking only a diuretic
were not eligible for this trial since evening dosing may increase overnight urination and
pose an unnecessary burden on the subject.

Study Endpoints

Participants were contacted by phone three to six weeks after their clinic visit by the student
pharmacist to assess general medication adherence utilizing the Morisky Medication Scale
(22). Participants were also asked two questions regarding the antihypertensive medication
assigned to morning or evening dosing: 1) how many times in the last seven days they took
the medication in the morning, and 2) how many times in the last seven days they took the
medication in the evening (see supplemental material for the full medication adherence
survey script).

The primary clinical outcome was adherence to the instructions regarding timing of dosing
of the study specific antihypertensive medication. Adherence was defined as taking the once
daily medication at the time indicated 6 or 7 times in the last 7 days and not taking it at any
other time during the day.

Statistical Analysis

Results

Baseline characteristics are described using means and standard deviations, as well as counts
and percentages. The difference in the rate of adherence between the morning and evening
groups was assessed using a chi-square test.

A total of 99 eligible patients were identified at the UMP Nephrology Clinic between
January 2014 and April 2015. All participants met the inclusion and exclusion criteria and
were approached in clinic. Eighteen patients declined to participate in the study prior to
randomization, and 2 patients had medication changes at the index visit and were unable to
participate. A total of 79 patients were randomized: 39 into the morning dosing arm and 40
into the evening dosing arm. Baseline patient characteristics are shown in Table 1. Average
(SD) age was 56.5 (14) years, 68% were male, and the average (SD) eGFR was 36.6 (8.9)
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ml/min/1.73m2. Study medications included: 49 ACEI/ARB, 28 calcium channel blockers,
and 2 beta-blockers. Despite three attempts, 5 patients in the morning group and 3 patients in
the evening group were lost to follow-up. Therefore, the final analysis cohort included 34
participants in the morning group and 37 participants in the evening group (Figure 1).

The mean (SD) time to follow-up was 29 (6) days; there was no difference between study
arms. Study participants reported excellent adherence as assessed by the Morisky
Medication Scale, with no difference between treatment arms. Adherence to the timing of
the once daily antihypertensive medication was 91% in the morning arm and 95% in the
evening arm (P=0.57, Table 2). Among those who were non-adherent, 2 patients in the
morning dosing group were taking medications at night, and 1 patient in the evening group
was taking medications in the morning. The average (SD) time spent by the pharmacy
student with the participants was 9.9 (6.1) minutes (interquartile range 6 to 12 minutes), and
the average (SD) time from the clinic to follow up call was 29.1 (6.1) days.

Discussion

This randomized controlled trial demonstrates that a brief pharmacist based intervention is
effective in the short term for assigning once-daily antihypertensive medications to morning
or evening dosing in a CKD patient population. The intervention proved feasible in the
routine clinic setting: the average time spent by the pharmacist with each participant was
less than 10 minutes. Further, this time included obtaining patient consent, so the time
required to implement this program in the routine clinic setting may be even less. These
results suggest that implementing evening dosing in the clinic setting is possible.

Nighttime systolic blood pressure may be the best predictor of cardiovascular disease and
mortality (2); one prior study has shown that evening dosing of a single once daily
antihypertensive medication may reduce adverse cardiovascular outcomes (2,3,8,9).
Hermida et al. studied 2156 randomized subjects to demonstrate significant effects of
administration time, specifically a lower CVD event risk (i.e., death, myocardial infarction,
stroke) (8). Among a small subset of subjects (N=661) with CKD, evening dosing was
associated with lower risks of cardiovascular death, myocardial infraction and stroke during
a median follow-up of 5.4 years (9). There is evidence that nighttime systolic blood pressure
is higher among CKD patients (23), possibly due to altered diurnal variation in
angiotensinogen excretion that can affect the circadian rhythm of both the intrarenal renin-
angiotensin system and blood pressure (24). Since nighttime blood pressure and non-dipping
are potential modifiable risk factors in patients with CKD (2), the evening dosing of
antihypertensive medications may have an impact on the progression of CKD. Further
research is needed to evaluate the impact of lowering nighttime blood pressure on CKD
progression.

When considering any change for how patients take their medication, providers should
consider whether there could be any impact on adherence, as patients with poor medication
adherence have been found to be more likely to experience chronic disease state progression
(25). Although adherence to dosing did not differ between the morning and evening groups
in the current study, a previous study assessed electronically compiled dosing histories to
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investigate adherence to prescribed antihypertensive medications in 4783 patients and found
that patients were more likely to take their medications as prescribed in the morning than in
the evening (26). Previous studies have demonstrated that pharmacist-based interventions
can improve adherence in both the CKD patient population and in primary care (14-21,27).
The results of the current study further support the notion that pharmacist-based
interventions can improve adherence in chronic patient disease populations, but as identified
in previous clinical studies, further research must be conducted to evaluate the impact of
adherence on long-term clinical outcomes (21,27).

This study has limitations that should be considered. A full medication therapy management
visit was not conducted. The student pharmacist, who conducted the trial under the
supervision of a nephrologist and registered pharmacist, reviewed all patients’
antihypertensive medications, but the main focus was on the study specific antihypertensive
medication. However, the study did demonstrate excellent short-term adherence to this brief
intervention. Another limitation is that there was no adjustment for the total number of
medications taken or the duration of time the patient had been taking the study specific
medication. Further, our data reflected much higher levels of adherence than has been
reported in literature for other chronic conditions (55-73%) (19,28). These results may be
due to the method of measuring adherence (patient reported) and the phrasing of the first
question on the Medication Adherence Script (Supplemental Material). Although the
Morisky Medication Scale has been shown to be a reliable tool to assess patient adherence
(22), self-reported data may overestimate true adherence. Finally, this study does not
establish the sustainability of this intervention over time.

Conclusion

This pilot demonstrates the feasibility and efficacy of a pharmacist-physician collaborative
to assign once-daily antihypertensive medications to either morning or evening dosing. A
high percentage of patients were willing to participate in the study, and adherence to the
assigned dosing time was high in both the morning and evening groups. The data supports
the efficacy associated with pharmacist based antihypertensive medication review and
follow-up in the CKD patient population. These results will help inform the design of large
pragmatic clinical trials evaluating whether evening dosing of antihypertensive medications
improves clinical outcomes.
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Baseline Characteristics

Table 1:

Demogr aphics
Age, mean (SD), years
Male Sex, N (%)
Clinical Characteristics
eGFR, mean (SD), mL/min/1.73m?
eGFR category, N (%)

> 45 mL/min/1.73m?

30 to 45 mL/min/1.73m?

< 30 mL/min/1.73m?
Proteinuria, N (%)
Diabetes, N (%)
Coronary artery disease, N (%)
Study medication
ACEI/ARB, N (%)
Calcium channel blocker, N (%)

Beta-blocker, N (%)

Morningarm
(N=39 patients)

56.1 (13.3)
28 (72%)

36.4 (7.4)

3 (7.7%)
29 (74.4%)
7 (17.9%)
25 (66%)
20 (51.3%)
7 (17.9%)

22 (56.4%)
16 (41.0%)
1 (2.6%)

Evening arm
(N=40 patients)

56.9 (14.7)
26 (65%)

36.9 (10.2)

6 (15%)
20 (50%)
14 (35%)
22 (56%)
13 (32.5%)

4 (10%)

27 (67.5%)
12 (30.0%)
1 (2.5%)

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; eGFR: estimated glomerular filtration rate; SD: standard

deviation

Clin Exp Hypertens. Author manuscript; available in PMC 2018 August 18.




1duosnuey Joyiny

1duosnuen Joyiny

Smith et al. Page 10

Table 2:

Adherence by Treatment Arm, Patients Contacted for Follow-Up Survey

Morningarm  Eveningarm

Variable (N=34) (N=37)
Adherent,?n (%) 31(91.2%) 35 (94.6%)”
Morning doses in the last 7 days

0 doses 0 36

5 doses 1¢ 0

6 doses 4 0

7 doses 29 1€

Evening doses in the last 7 days

0 doses 32 1¢
4 doses 1€ 0
5 doses 0 1¢
6 doses 1¢ 0
7 doses 0 35

a . . i N . . . . .
Taking medication at time indicated 6 or 7 times in the last 7 days and not taking at other time during the day.
b . ’ . . .
Chi-squared p-value for comparison of percent adherent in morning vs. evening arm = 0.57.

c .
Represents an event that would indicate non-adherence.
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