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Abstract
The Morisky Medication Adherence Scale (MMAS–8) is a questionnaire developed for screening of non–adherence in pa-
tients with several chronic conditions, including uncomplicated hypertension. However, its accuracy in predicting non–
adherence in patients with apparent treatment–resistant hypertension (a–TRH) is not known. Accordingly, we performed a
retrospective study in 47 patients with a–TRH who had completed the eight–item MMAS during the initial clinic visit.
Non–adherence was defined as presence of undetected serum levels of at least one prescribed antihypertensive drug by ther-
apeutic drug monitoring. We found that 26% of patients were considered to have low adherence score (<6), while the actual
prevalence of non–adherence was 51% by therapeutic drug monitoring. Sensitivity of the MMAS–8 was 26% (95% confi-
dence interval, 10.3%–48.4%) with specificity of 75% (95% confidence interval, 53.3%–90.2%). By multivariate analysis,
the MMAS–8 score was not an independent predictor of non–adherence, while certain clinical parameters such as heart
rate were found to be independent predictors of non–adherence. Our study suggested limited accuracy of the MMAS–8 in
detecting medication non–adherence in a–TRH. J Am Soc Hypertens 2015;9(6):420–426. � 2015 American Society of
Hypertension. All rights reserved.
Keywords: Blood pressure control; self reported adherence; serum drug levels.
Introduction

Adherence to medications is a major challenge that clini-
cians often face in treatment of chronic medical conditions,
including hypertension. This problem is even more pro-
nounced in patients with apparent treatment–resistant hy-
pertension (a–TRH) defined as uncontrolled hypertension
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with three or more antihypertensive agents or treated hyper-
tension with at least a four–drug regimen regardless of
blood pressure (BP).1 Recent studies from our group and
others have reported a high prevalence of non–adherence
to antihypertensive medications among patients with
a–TRH (50-60%) using the highly sensitive technique of
therapeutic drug monitoring.2–5 Despite the enormous
burden of non–adherence to the health care system, prac-
tical and reliable methods of adherence detection are not
well developed. Adherence can be monitored by several
methods such as patient self–report, detailed questionnaire,
pill counts, prescription fill rate, or electronic pillboxes.

Among the self-reported measure of adherence, the
Morisky Medication Adherence Scale (MMAS) has been
used extensively and validated in the primary care setting
in the patients with uncomplicated hypertension.6–8 The
ion. All rights reserved.
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questionnaire was originally developed as the four–item
scale9 and subsequently revised to an eight–item scale to
address additional factors that may influence medication
adherence. The questions in the eight–item scale are de-
signed to avoid patients’ tendency to overestimate their
adherence to healthcare providers and were shown to
have higher reliability than the original four–item scale.10

However, both four–item and eight–item scales have never
been validated in patients with a–TRH.

Accordingly, the goal of present investigation is to deter-
mine sensitivity and specificity of the MMAS–8 in a cohort
of patients referred to a large tertiary care academic medi-
cal center specialty hypertension clinic against therapeutic
drug monitoring. Furthermore, we also determine accuracy
of other independent questionnaire and clinical predictors
of medication non–adherence in detecting non–adherence
to medications among patients with a-TRH.

Methods

The Institutional Review Board of the University of
Texas Southwestern Medical Center approved this study.
Medical records of all new patients referred to the hyper-
tension specialty clinic at the University of Texas South-
western Medical Center for a–TRH and evaluated
between January 2009 and October 2014 were reviewed.
Patients were included if they met the American Heart As-
sociation/Committee of the Council for High Blood Pres-
sure Research definition of a–TRH: (1) failure to achieve
office BP <140/90 mm Hg in patients prescribed three or
more antihypertensive medications at optimal doses,
including if possible a diuretic, or (2) ability to achieve of-
fice BP at goal but patient requiring four or more antihyper-
tensive medications.1 Patients were excluded if they were
intolerant to three or more antihypertensive drug classes.
Screening for white coat effect with 24–hour ambulatory
BP monitoring was conducted for patients who reported
normal home BP (<135/85 mm Hg), and patients with
demonstrated BP control at home were also excluded.
Either private medical insurance or Medicare covered all
patients. All patients had reported that they were adherent
to prescribed antihypertensive medications prior to thera-
peutic drug monitoring.

During each clinic visit, after the patient had been resting
quietly for 5 minutes, BP was measured by nursing staff us-
ing the same validated oscillometric device (Welch Allyn,
Vital Signs, Skaneateles Falls, NY) as recommended by
guidelines.11 BP measurement during a single visit was
repeated three times separated by 1 minute, and these BP
values were averaged. Since January 2009, serum levels of
antihypertensive medications were assessed as part of our
routine standard of care for new referrals with presumed
a–TRH. Since December 2010, all patients were also asked
to fill out an eight–item MMAS survey during the initial
clinic visit to assess potential non–adherence to
antihypertensive medications. Written permission was ob-
tained from Dr Donald Morisky for use of the eight–item
MMAS among the study participants. The study participants
were also screened with an additional question ‘‘In the past
7 days, how many times did you skip or miss your BP meds
for any reason?’’ Screening for non–adherence was conduct-
ed at Compliance with Clinical Laboratory Improvement
Act (CLIA)–certified laboratories as previously described2

(Supplemental Table 1 and Supplemental Figure 1). This
technique has been validated previously for measuring levels
of antihypertensive medications.12,13 Non–adherence was
defined as presence of serum levels below detection limit
of at least one antihypertensive medication prescribed to
the patient by therapeutic drug monitoring.

Predictive value of medication adherence questionnaire
was validated against non–adherence by therapeutic drug
monitoring. We also determined clinical factors associated
with medication non–adherence and assessed incremental
predictive value of these factors when used in conjunction
with adherence scale.
Statistical Analysis
Statistical analyses were conducted using SAS version
9.2 (SAS Institute, Cary, NC). All tests were two–sided,
and a P–value < .05 was considered statistically significant.
Data are presented as mean � standard deviation (SD) or
mean (95%) as appropriate. Baseline characteristics were
compared among the adherent and non–adherent groups us-
ing the c2 test for categorical variables and t–tests for
continuous variables. For non–normally distributed vari-
ables, the Kruskal–Wallis test was used. Multivariate anal-
ysis to determine predictors of non–adherence was
conducted with backward selection technique by first
entering all candidate predictors in the model. Then, the
least significant variable is deleted. The model is then refit-
ted, and the least significant variable is again deleted. The
cycle is repeated until the variables left in the model are
all significant. Contribution of clinical predictors over and
above that of adherence questionnaire in the prediction of
medication adherence was analyzed with the use of
discrimination (Harrell’s C–statistic).

Results

Between 2009 and 2014, 227 consecutive patients were
referred to the University of Texas Southwestern Medical
Center Hypertension Clinic for a–TRH. Two patients
were found to have white coat effect by 24–hour ambula-
tory BP monitoring. Therapeutic drug monitoring was per-
formed in 78 patients, while 147 did not undergo
measurement of serum drug levels because one of the anti-
hypertensive drugs was not prescribed at or near maximal
doses. The MMAS–8 was administered in 50 patients and
was completed in 47 patients (Figure 1).
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Of the 47 patients who underwent both therapeutic drug
monitoring and completed the adherence scale, 24 (51%)
had at least one antihypertensive drug prescribed below
minimal detection limit and thus were non–adherent.
Over two–thirds of the non–adherent patients had all the
tested antihypertensive drugs below minimum detection
limit. Characteristics of adherent and non–adherent patients
are shown in Table 1. The non–adherent group was signif-
icantly younger, had a higher proportion of females, and a
significantly higher resting heart rate (HR). Prevalence of
chronic kidney disease (CKD) was higher in the adherent
than non–adherent group. In contrast, duration of hyperten-
sion, history of side effects to medications, frequency of
drug dosing, and number of antihypertensive drugs were
not significantly different between the two groups.

By the MMAS–8, 12 (26%) of patients had low adher-
ence (score <6), 16 (34%) had medium adherence (score
6 to <8), and 19 (40%) high adherence (score ¼ 8).
Average BP in the group with low, medium, and high
adherence score was 155 � 25/89 � 11 mm Hg,
155 � 35/91 � 13 mm Hg, and 162 � 32/94 � 23 mm
Hg, respectively (P ¼ .75 for systolic and .85 for diastolic
BP). Responses to all questions in the 8–item MMAS were
not different between the therapeutic drug monitoring-
based adherent versus the non–adherent participants
(Table 2). Furthermore, the proportion of participants
with high (MMAS score ¼ 8), moderate (MMAS score 6
to <8), and low adherence (MMAS score <6) on the
MMAS–8 scale was not different among the therapeutic
drug monitoring–based adherent versus non–adherent
groups (Table 3). Similarly, responses to the independent
question #9 (Q9) ‘‘In the past 7 days, how many times
did you skip or miss your BP meds for any reason?’’
were not different between the two groups. Using the
Figure 1. Cohort selection for the study. HTN, hypertension;
MMAS, Morisky Medication Adherence Scale; TDM, thera-
peutic drug monitoring.
MMAS–8 cut–off point of six or lower as measure of
non–adherence, the sensitivity was found to be 26% (95%
confidence interval [CI], 10.3%–48.4%) and specificity of
75% (95% CI, 53.3%–90.2%) with positive predictive value
of 50% (95% CI, 21.1%–78.9%) and negative predictive
value of 51% (95% CI, 34%–68.6%) when compared
against therapeutic drug monitoring. The alpha reliability
of the eight–item MMAS is 0.68. Sensitivity and specificity
of Q9 was 39% (95% CI, 19.7%–61.5%) and 67% (95% CI,
47.7%–84.4%), respectively, with positive predictive value
of 53% (95% CI, 34.3%–71.7%) and negative predictive
value of 53% (95% CI, 27.8%–77.0%).

To determine clinical predictors of non–adherence using
therapeutic drug monitoring, multivariate analysis was con-
ducted using backward selection technique. Elevated HR
was identified as an independent predictor of non–adher-
ence (Adjusted Risk Ratio [95% CI], 1.08 (1.02–1.15);
P ¼ .006) while presence of CKD was a predictor of adher-
ence to medications (Adjusted Risk Ratio [95% CI], 0.808
[0.009–0.78]; P ¼ .03). In contrast, the MMAS–8 score and
all other variables listed in Table 1, including age, gender,
ethnicity, coronary artery disease, congestive heart failure,
total daily dosing of antihypertensive medication, duration
of hypertension, systolic BP, and diastolic BP, were not in-
dependent predictors in the multivariate analysis.

Area under the curve (AUC) resulting from receiver
operating characteristic analyses was greater for clinical
predictors (HR plus CKD) than the MMAS–8 score alone
(Figure 2; P ¼ .003). When HR and CKD were added to
the MMAS–8 score, the area under the curve increased
significantly from 0.52 to 0.84 (Figure 2; P ¼ .001).

Discussion

The major findings from our study are 2–fold. First, self–
reported medication adherence has limited sensitivity and
specificity in detecting medication non–adherence in pa-
tients with a–TRH. Second, certain clinical characteristics
of patients were stronger predictors of non–adherence
than self–reported adherence.

Current guidelines advocate exclusion of pseudo–resis-
tant hypertension from medication non–adherence as the
first step in the management of a–TRH. Since physicians’
ability to predict patients’ adherence to antihypertensive
medication is notoriously poor,14 reliable and practical
tools are needed to assess adherence to medications.
Self–reported adherence as simply yes or no is well–known
to underestimate prevalence of non–adherence.15 Prescrip-
tion fill rate may be more accurate than self–reported adher-
ence, but it is time consuming to track, and information
may not be accurate if the patients are not in an integrated
health care system or fill prescriptions but do not take the
dispensed medication. Pill count is also time–consuming
and accurate in determining adherence only in 50%–70%
of patients when compared with electronic pillbox16,17



Table 1
Baseline characteristics of the study participants

Characteristics TDM Adherent (n ¼ 23) TDM Non–adherent (n ¼ 24) P Value

Age, y 55 � 2 50 � 2 .28
Gender, % female 30% (11.6–49.2) 63%* (43.1–81.9) .03
Ethnicity, % African American 52% (30.6–73.2) 58% (36.7–77.9) .54
% with employment 46% (25.6–67.2) 57% (34.0–78.2) .55
BMI, kg/m2 33.1 � 1.6 35.8 � 2.4 .82
Duration of hypertension, y 12.5 � 4.8 13.8 � 4.9 .58
Heart rate, bpm 70 � 3 82 � 3* <.01
SBP, mm Hg 160 � 6 156 � 7 .50
DBP, mm Hg 87 � 2 96 � 4 .16
Diabetes, % 43% (23.2–65.5) 30% (13.2–52.9) .35
Dyslipidemia, % 52% (30.6–73.2) 65% (42.7–83.6) .37
Current smoker, % 13% (2.8–33.6) 17% (4.9–38.8) .52
Coronary artery disease, % 17% (4.9–38.8) 13% (2.8–33.6) .68
Heart failure, % 9% (1.1–28) 17% (4.9–38.8) .38
CKD (eGFR<60 mL/min 1.73 m2), % 35% (10.2–48.4) 8%* (1.0–27.0) .02
Numbers of antihypertensive drugs at first encounter 4.0 � 0.2 4.4 � 0.3 .75
Frequency of drug dosing, times/day 2.0 � 0.1 2.0 � 0.2 .89
OSA, % 39% (19.7–61.5) 35% (16.4–57.3) .76
Ability to recall drug names, % 74% (51.6–90.0) 92% (73.0–99.0) .25
History of drug side effects, % 39% (19.7–61.5) 17% (4.9–38.8) .09
History of ED visit related to high BP, % 48% (26.8–69.4) 42% (22.1–63.4) .67

BMI, body mass index; BP, blood pressure; bpm, beats per minute; CKD, chronic kidney disease; DBP, diastolic blood pressure; ED,
erectile dysfunction; eGFR, estimated glomular filtration rate; OSA, obstructive sleep apnea; SBP, systolic blood pressure; TDM, therapeu-
tic drug monitoring.
Data presented as mean þ SD for continuous variables and mean (95% confidence interval) for categorical variables.
*P < .05 compared with adherent group & P - value in bold refers to a value <0.05 for comparison between TDM adherent vs.

non-adherent groups.
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and 68% when compared with therapeutic drug moni-
toring.18 More detailed self–reported questionnaires have
been developed to detect medication non–adherence and
avoid patients’ tendency to report yes when they are simply
asked if they have taken medications as prescribed. The
four–item MMAS was shown to be correlated with level
of BP control and found to be reliable when validated
against prescription fill rate7 and pill count.8 The eight–
item scale was also significantly correlated with proportion
of patients with adequate BP control10 and pharmacy refill
data in the elderly hypertensive patients.6 However, predic-
tive accuracy of both four–item and eight–item MMAS in
detecting medication non–adherence has not been validated
in patients with a-TRH.

In our study, the eight–item MMAS was found to have
limited accuracy in detecting non–adherence. Similarly,
an independent questionnaire also performed poorly in
this population when validated against therapeutic drug
monitoring. Mechanisms underlying limited accuracy of
questionnaires in detecting non–adherence in patients
with a-TRH are unknown. Both four–item and eight–item
MMAS address factors contributing to medication non–
adherence but these factors may differ among a–TRH
patients in the primary care setting versus specialty
referral care setting. For example, history of side effects
to medications and complexity of regimen were shown to
be independent predictors of medication non–adherence
in previous studies in the primary care setting.19–22 In our
study, history of drug side effects was paradoxically higher
in adherent patients, though the difference was not statisti-
cally significant. Furthermore, the number of antihyperten-
sive drugs and frequency of drug dosing were not different
between adherent and nonadherent groups. Other determi-
nants, such as ability and availability of medical providers
to counsel patients or adjust regimen to minimize drug side
effects and maximize drug efficacy, may play a larger role.
Alternatively, a–TRH patients may have tendency to pro-
vide socially acceptable responses to the questionnaire.
This is evident in our study since only 26% of our subjects
were found to have a low adherence score of <6, which is
considerably less than the actual prevalence of non–
adherence of 51% as confirmed by therapeutic drug moni-
toring. A recent large population–based study in the United
States, the Reasons for Geographic and Racial Differences
in Stroke (REGARDS) study, also reported very low prev-
alence of non–adherence of only 8%, using the four–item
MMAS.23

We also identified a higher proportion of females in the
non–adherent group, which was consistent with findings
from the REGARDS study23 and one previous study in



Table 2
Response to the Morisky Medication Adherence Scale (MMAS–8) questionnaire observed in therapeutic drug monitoring (TDM) based
adherent and non–adherent patients

MMAS–8 Adherence Questions Patient Response (Yes/No) c2 P Value

TDM–adherent
(Total ¼ 23)

TDM Non–adherent
(Total ¼ 24)

1. Do you sometimes forget to take your BP pills? Yes/No ¼ 8/15 Yes/No ¼ 8/16 0.01 .92
2. Over the past 2 weeks, were there any days when you did not take your
BP medicines?

Yes/No ¼ 5/18 Yes/No ¼ 17/7 0.36 .56

3. Have you stopped taking medications because you feel worse when
you took it?

Yes/No ¼ 3/20 Yes/No ¼ 5/19 0.5 .48

4. When you travel or leave home, do you sometimes forget to bring
along your meds? (Yes/No)

Yes/No ¼ 3/20 Yes/No ¼ 3/21 0.003 .96

5. Did you take your BP medicine yesterday? (Yes/No) Yes/No ¼ 23/0 Yes/No ¼ 21/3 3.07 .08
6. When you feel like your BP is under control, do you sometime stop
taking your meds? (Yes/No)

Yes/No ¼ 2/21 Yes/No ¼ 2/22 0.002 .96

7. Do you feel hassled about sticking to your BP treatment plan?
(Yes/No)

Yes/No ¼ 4/19 Yes/No ¼ 5/19 0.09 .76

8. How often do you have difficulty remembering to take all your BP
meds?

0.07 .96

a) Never/rarely 16 16
b) Once in a while 5 6
c) Sometimes 0 0
d) Usually 0 0
e) All the time 2 2

BP, blood pressure.
Data presented as total number of participants and percentage with 95% confidence intervals.
US copyright laws protect use of the MMAS. Permission for use is required. A Licensure agreement is available from: Donald E.

Morisky, ScD, ScM, MSPH, Professor, Department of Community Health Sciences, UCLA School of Public Health, 650 Charles E. Young
Drive South, Los Angeles, CA 90095-1772; dmorisky@ucla.edu.

424 A. Pandey et al. / Journal of the American Society of Hypertension 9 (2015) 420–426
the tertiary care center.4 However, the association between
gender and medication non–adherence in our study became
weaker after multivariate analysis accounting for HR and
presence of other comorbidities. Although small sample
size may be responsible for attenuation in the relationship,
our study indicated elevated HR was a strong independent
predictor of medication non–adherence, which was previ-
ously demonstrated in studies using therapeutic drug moni-
toring in a–TRH.3,12 Presence of CKD, however, was found
to be a predictor of adherence to treatment. It is unlikely
that presence of CKD is directly responsible for the
Table 3
Prevalence of low, medium, and high Morisky Medication Adher-
ence Scale (MMAS–8) scores among therapeutic drug monitoring
(TDM)–based adherent and non–adherent patients

Adherence Low MMAS–8
Score (<6)

Medium
MMAS-8
Score
(6 to <8)

High
MMAS–8
Score (8)

Adherent by
TDM, N (%)

6 (26%) 8 (35%) 9 (39%)

Non adherent by
TDM, N (%)

6 (25%) 8 (33%) 10 (42%)
adherent behaviour, but older age and higher proportion
of male in the adherent group may contribute to differences
in the prevalence of CKD.
Figure 2. ROC curves for models to predict adherence in
patients with apparent treatment resistant hypertension. CKD,
chronic kidney disease; HR, heart rate; MMAS-8, Morisky
Medication Adherence Scale.

mailto:dmorisky@ucla.edu
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There are several limitations to our study. First, the study
was done retrospectively in a referral hypertension spe-
cialty clinic population, limiting the generalizability of
study findings. Second, only insured patients were included
in the study and, thus, the data may not be applicable to the
indigent care population who cannot afford health insur-
ance. Third, since there is no gold standard for assessment
of non–adherence, the sensitivity and specificity of thera-
peutic drug monitoring in detecting non–adherence has
not been established. Fourth, the sample size of our study
is small; 35% of the referred patients were excluded as
they did not meet the criteria for therapeutic drug moni-
toring, and only a subgroup of all referred patients under-
went screening with the MMAS–8. Nevertheless, our
study has important implications in the evaluation of pre-
sumed a–TRH and raises caution against overreliance on
the self–report questionnaire at least in the referral spe-
cialty care setting. Since therapeutic drug monitoring is
already available for clinical use and covered by health in-
surance plans in the US and many countries worldwide,22,24

it should be considered for assessment of medication adher-
ence, particularly when other less expensive methods yield
inconclusive results. Future studies are needed to develop a
cost–effective and time–efficient therapeutic drug moni-
toring strategy. Furthermore, large prospective studies are
still needed to test validity of clinical variables, including
HR, in predicting medication non–adherence in a–TRH.
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Supplemental Table 1
List of serum/plasma assays of commonly used anti–hypertensive agents available for clinical testing

Drug Name Reporting
Limit

Method of
Analysis

Sample Volume Lab Vendor* Intra–assay
Coefficient of
Variability, %

Inter–assay
Coefficient of
Variability,* %

Accuracy, % Therapeutic Range

Metoprolol 5.0 ng/mL LC–MS/MS 2 mL Serum/Plasma Quest/NMS 2.71 2.8 91.09 20–340 ng/mL for 200–400 mg
daily dose

Atenolol 5.0 ng/mL LC–MS/MS 2 mL Serum/Plasma Quest/NMS 2.24 3.78 92.04 200–500 ng/mL for 200–400 mg
daily dose

Labetalol 5.0 ng/mL LC–MS/MS 2 mL Serum/Plasma Quest/NMS 2.02 3.09 90.59 180–200 ng/mL for 200–400 mg
daily dose

Hydrochlorothiazide 0.040 mcg/mL HPLC 2 mL Serum/Plasma Quest/NMS 4.17 4.03 97 0.08–0.2 mcg/mL for 25–75 mg
daily

Chlorthalidone 0.040 mcg/mL HPLC 2 mL Serum/Plasma Quest/NMS 4.92 6.76 97.3 0.2–1.4 mcg/mL for 50–100 mg
daily dose

Amlodipine 2.0 ng/mL HPLC 3 mL Serum/Plasma Quest/NMS 3.09 14 108.8 3–11 ng/mL for 5 mg daily
Diltiazem 2.0 ng/mL HPLC 3 mL Serum/Plasma Mayo/NMS 6 11.3 97.6 50–200 ng/mL
Triamterene 5.0 ng/mL LC-MS/MS 1 mL Serum/Plasma Quest/NMS 4.1 5.99 101.8 30–50 ng/mL for 37.5–100 mg

daily
Spironolactone 0.020 mcg/mL Spectro–

fluorometry
2 mL Serum/Plasma Quest/NMS Not available 6.3 91.3 1mcg/mL for 25 mg dose

Furosemide 0.04 mcg/mL HPLC 1 mL Serum/Plasma Quest/NMS
/Medox

6.56 7.12 94.9 Levels (mcg/mL) 1 hour after a
one PO dose:
20 mg: 0.8–1.8
50 mg: 1.5–2.9
80 mg: 2.2–4.8

Clonidine 0.050 ng/mL LC-MS/MS 1 mL Serum/Plasma Mayo/NMS 4.14 4.45 95.2 0.5–4.5 ng/mL
Guanfacine 0.5 ng/mL LC–MS/MS 2 mL Serum/Plasma NMS 2.85 3.5 90.1 1.6–10 ng/mL for 2–4 mg

daily dose
Doxazosin 0.5 ng/mL HPLC 5 mL Serum/Plasma Quest/NMS 2 12.2 105.3 8–150 ng/mL for 1–16 mg

daily dose
Minoxidil 2.0 ng/mL LC–MS/MS 3 mL Serum/Plasma Quest/NMS 1.97 2.37 89.9 20–50 ng/mL after 5 mg

daily dose
Hydralazine 0.5 ng/mL GC 5 mL Serum/Plasma Quest/NMS Not available 16 100 15–300 ng/mL for 100–200 mg

daily

GC, gas chromatography; HPLC, high–performance liquid chromatography; LC–MS, Liquid chromatography–mass spectrometry; MS, mass spectrometry.
* Inter–assay coefficient of variability obtained between run from at least 3 different days. Accuracy is the result divided by the target. A result of 4.5 with a target of 5 would be

90% accurate. For details, please see http://www.nmslabs.com/SearchResults.aspx?search¼antihypertensive.
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Supplemental Table 2
Comparison of baseline characteristics of patients included versus
excluded from the present study

Patient
Characteristics

Patients
Included
in the Study
(n ¼ 47)

Patients
Excluded
from the Study
(n ¼ 178)

P Value

Age, y 52.6 (11) 55.2 (12.1) .1
Women, % 47 58 .15
African
Americans, %

43 55 .24

Body mass index,
kg/m2

34.5 (10) 34.6 (9) .52

Systolic BP, mm Hg 158 (31) 149 (32) .1
Diastolic BP, mm Hg 91 (17) 85 (18) .008
Heart rate, bpm 76 (17) 73 (15) .33

BP, blood pressure; bpm, beats per minute.
Data presented as mean (standard deviation) or %.

Supplemental Figure 1. Analytical data from high-performance liquid chromatography analysis of amlodipine in one blank serum (left)
and serum from one patient treated with amlodipine (right). The arrow represents amlodipine spectrum.
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