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ABSTRACT

Objective: Hypertension quality improvement programs reduce uncontrolled blood pressure (BP) but impact may
differ by sex and age.

Methods: This study examined uncontrolled BP, defined as a BP > 140/90 mmHg, and therapeutic inertia, defined
as absence of medication initiation or escalation during visits with uncontrolled BP, by sex and by age group
(19-40, 41-65, 66-75, and 76+ years) during a 12 month follow-up period among 21, 861 patients with hy-
pertension and > two visits in primary care clinics enrolled in the American Medical Association (AMA) Measure
Accurately, Act Rapidly, and Partner with Patients (MAP) BP hypertension quality improvement program.
Results: The mean age was 64.8 years (standard deviation [SD 12.8]) and ranged from 19 to 87 years; 53.6% were
female. In age groups 19-40, 41-65, 66-75, 76-87 years, uncontrolled BP at the first clinic visit was present in
51.5%, 42.5%, 37.5% and 36.6% of males, respectively, and in 40.0%, 38.0%, 36.0% and 39.6% of females,
respectively. Based on vital signs at the first vs. last clinic visit, the proportion of patients with uncontrolled BP in
age groups 19-40, 41-65, 66-75 years declined by 19.4%, 13.5%, 10.1% and 8.7% in males, respectively, and
14.4%, 12.5%, 9.3%, and 8.4%, among females, respectively. Therapeutic inertia ranged from 66.5% and 75.9%
of clinic visits among males and females age 19-40 years, to 85.6% and 84.9% of clinic visits among males and
females age 76-87 years, respectively. The proportion of clinic visits with therapeutic inertia was lower among
males vs. females across all age groups until age 76-87 years.

Conclusion: A quality improvement program improves BP control but declines in uncontrolled BP are larger and
therapeutic inertia is lower for younger vs. older age groups and for males vs. females. More interventions are
needed to reduce sex and age disparities in hypertension management.

1. Introduction

determining interventions to improve hypertension treatment. The as-
sociation of BP with CVD, including myocardial infarction and heart

Cardiovascular disease (CVD) remains the number one cause of
death and disability for adults age 65 years and older and blood pressure
(BP) control reduces CVD risk and may increase quality of life [1-6].
Recent data from the National Health and Nutrition Examination Survey
shows that blood pressure (BP) control, defined as a systolic BP < 140
mmHg and a diastolic BP < 90 mmHg, has declined among U.S. adults
age >75 years, and among females and non-Hispanic Blacks over the
past decade [7]. This decline in BP control demonstrates an urgency in

failure, is stronger in females vs. males [8,9] and CVD risk in females
begins at lower BP levels compared to males [10-12]. More than
one-quarter of all heart failure (28%) cases among females is attributed
to elevated BP compared to approximately one out of eight (13%) heart
failure cases among males. While BP control rates increase with
advancing age among males, the percentage of females with treated
hypertension and BP control declines after age 65 years [13-15].
Because systolic BP increases more with advancing age among females
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Characteristics of the 9560 males and 12,301 females a hypertension diagnosis by sex and by blood pressure control status based on vital signs at last clinic visit during
January 1, 2019 -December, 31, 2019.

Males (n = 9560)

Females (n = 12, 301)

Total Uncontrolled BP Controlled BP Total Uncontrolled BP Controlled BP (n = 8961)
(n = 2764) (n = 6796) (n = 3340)

Age (Mean) 65.1 (12.8) 64.9 (13.2) 65.2 (12.6) 64.4 (12.8) 63.2 (20.8) 65.3 (12.2)°
Age group,% (n)
19-40 years 4.3 (414) 7.8 (133) 4.1 (281)° 4.8 (590) 4.5 (151) 4.9 (439) °
41-65 years 49.2 (4291) 45.0 (1244) 44.8 (3047) 41.7 (5130) 39.1 (1306) 42.7 (3824)
66-75 years 30.1 (2876) 28.5 (787) 30.7 (2089) 30.5 (3749) 29.9 (999) 30.7 (2750)
76+ years 20.7 (1979) 21.7 (600) 20.3 (1379) 23.0 (2832) 26.5 (884) 21.7 (1948)
Race/Ethnicity,% (n)
NH White 65.7 (6279) 64.3 (1778) 66.2 (4501)° 56.7 (6974) 54.8 (1831) 57.4 (5143) *
NH Black 16.2 (1552) 18.5 (510) 15.3 (1042) 25.1 (3082) 28.7 (957) 23.7 (2125)
Hispanic 10.4 (992) 9.6 (266) 10.7 (726) 11.5 (1416) 10.4 (348) 11.9 (1068)
Other” 5.4 (519) 5.3 (148) 5.5 (371) 4.8 (589) 4.2 (141) 5.0 (448)
Unknown 2.3 (218) 2.2 (62) 2.3 (156) 2.0 (240) 2.0 (63) 2.0(177)
BMI categories, % (n)
< 18.5 kg/m? 0.8 (21) 0.4 (11) 0.2 (10)* 0.8 (96) 0.8 (28) 0.8 (68)"
18.5-24.9 kg/m? 14.6 (1015) 9.9 (274) 10.9 (741) 14.6 (1801) 16.9 (565) 13.8 (1236)
25-29.9 kg/m2 34.7 (3318) 33.4 (923) 35.2 (2395) 27.2 (3408) 29.0 (967) 27.2 (2441)
> 30 kg/m? 54.3 (5191) 56.0 (1548) 53.6 (3643) 56.6 (6966) 53.0 (1770) 58.0 (5196)
Missing/Unknown 0.2 (15) 0.3 (8) 0.1 (7) 0.2 (30) 0.3 (10) 0.2 (20)
Diabetes, % (n) 38.1 (3638) 37.4 (1034) 38.3 (2604) 31.8 (3917) 31.7 (1057) 31.9 (2860)
CVD,% (n) 22.1 (2111) 20.6 (569) 22.7 (1542)" 17.2 (2117) 18.9 (630) 16.6 (1487)"
Smoker, % (n) 13.6 (1258) 14.3 (395) 12.7 (863)° 9.4 (1154) 10.5 (350) 9.0 (804)°

@ P<0.05 compared to the same sex group with uncontrolled blood pressure.

b Other race/ethnicity includes Alaskan Native, American Indian, Asian, Multiracial, Native Hawaiian and Other Pacific Islander and Other; CVD = cardiovascular

disease.

vs. males [14], older females may require more intensification of BP
lowering medication to maintain BP control. Differences in BP control
between males and females can then contribute to sex differences in
subclinical and clinical CVD [16-18]. The reasons for lower BP control
rates among females vs. males after age 65 years remains unclear but
differences in co-morbidities including obesity and diabetes do not
appear to account for sex differences in BP control among older adults
[14].

Therapeutic inertia, or lack of initiating a new BP lowering medi-
cation or escalating an existing medication, increases with advancing
age and may be more common in females [19-23] and contribute to
lower BP control rates [20-23]. Intensifying medication when a pa-
tient’s clinic BP is uncontrolled leads to significantly higher rates of BP
control, even in patients with suboptimal medication adherence [24]. In
a recent Scientific Statement, The American Heart Association and the
American Medical Association emphasized the importance of addressing
therapeutic inertia to improve BP control [25]. Hypertension quality
improvement programs such as the American Medical Association
(AMA) Measure Accurately (M), Act Rapidly (A), Partner with Patients
(P) BP Program (MAP BP®) [26-28] address multiple aspects of hy-
pertension management to reduce therapeutic inertia and improve BP
control. The AMA MAP BP® is an evidence-based quality improvement
program to improve BP control and includes process metrics aligned
with M (confirmatory uncontrolled BP measurement), A (therapeutic
inertia), and P (change in systolic BP after medication intensification),
interprofessional clinic team training on accurate BP measurement using
automated office BP (AOBP), treatment algorithms, support for con-
structing the process metrics, and feedback to reduce therapeutic inertia
[26-29]. This study examined uncontrolled BP and therapeutic inertia
by age group and by sex in primary care clinics enrolled in the AMA MAP
BP® program and followed for 12 months. We hypothesized that BP
control and therapeutic inertia would differ by sex and by age group.

2. Methods
2.1. Study population

This retrospective cohort study utilized electronic health record
(EHR) data from patients with an ICD10 diagnosis of hypertension
receiving care within fourteen large outpatient primary care clinics
during January 1, 2019 through December 31, 2019. The study was
reviewed by the Loyola University of Chicago Institutional Review
Board and received a status of exempt. A total of 28,691 adults with an
ICD10 diagnosis of hypertension with at least one primary care visit to
one of the fourteen primary care outpatient clinics during the study
period were identified. We excluded 6830 patients with less than two
clinic visits during the study period leaving 21, 861 patients with a total
of 77, 382 clinic visits included in the analyses. Data on race/ethnicity
were missing in 458 patients (2.1%) and 30 patients (0.2%) (see Table 1)
lacked documentation of body mass index (BMI). Due to the low amount
of missing data, we did not exclude these patients and their clinic visits
with these missing covariates.

2.2. Blood pressure measurement and control

All clinics were enrolled in the AMA MAP BP® and began staff
training and establishing practice protocols for the program during the
third quarter of 2018. The medication protocol encouraged fixed-dose
combination medications and once daily dosed medications, which are
available with minimal or no cost to patients. Goals of BP did not differ
by age. Follow-up visit with a registered nurse within four-weeks of a
clinic visit with confirmed BP > 140/90 mmHg was encouraged. The
program included monthly feedback via email to prescribing clinicians
on rates of therapeutic inertia, BP control and documented follow-up
(via telephone or face-to-face nurse visits) for patients with uncon-
trolled BP during clinic visits win the past 30 days with peer compari-
sons. Per protocol, measurement of BP was performed by clinic staff with
patients seated and back supported using a digital BP monitor (Omron
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Fig. 1. Proportion of clinic visits with fidelity to automated office blood pressure (AOBP) measurement protocol by month during the study period. Fidelity to the
AOBP protocol was defined as the percentage of clinic visits with a documented clinic systolic BP > 140 and/or a diastolic BP > 90 mmHg and documented AOBP

measurement.

Model HEM-907XL or Welch Allyn 3400) and an appropriately sized
cuff. When BP was >140/90 mmHg, clinic staff were instructed to
complete unattended automated office BP (AOBP) whereby BP is
measured three times in one-minute intervals using an Omron Model
HEM-907XL device and the average of the three readings was recorded
[30]. Fidelity to the AOBP protocol was defined as the percentage of
clinic visits with a documented clinic systolic BP > 140 and/or a dia-
stolic BP > 90 mmHg and documented AOBP measurement. Uncon-
trolled BP was defined as a systolic BP > 140 and/or a diastolic BP > 90
mmHg based on the last recorded clinic BP. Additional analyses exam-
ined uncontrolled BP defined as a systolic BP > 130 mmHg and/or a
diastolic BP > 80 mmHg.

Therapeutic inertia was defined as the absence of a prescription for a
new BP lowering medication or escalation of the dose of an existing
antihypertensive medication class during a clinic visit with uncontrolled
BP. Prior medication use was defined as medication use with a start date
before the visit date and with a discontinuation date at or after the visit
date. The lookback period to assess prior medication class use during a
visit was restricted to one year before the visit date [27]. We repeated
analyses of therapeutic inertia using a BP control defined as < 130/80
mmHg [31].

2.3. Demographics

Age was defined as the age at the first clinic visit and sex, race,/
ethnicity and tobacco use were self-reported. Race/ethnicity was cate-
gorized as non-Hispanic White, non-Hispanic Black, Hispanic, and non-
Hispanic Other (Alaskan Native, American Indian, Asian, Muiltiracial,
Native Hawaiian, and Other Pacific Islander and Other). BMI in kg/m2
was calculated from height and weight measured during the clinic visit.
Obesity was defined as a BMI > 30 kg/m? Presence of diabetes and
cardiovascular disease (CVD) was based on ICD10 codes with a look-
back of one year. BP lowering medications were categorized as di-
uretics (thiazide, loop and potassium sparing diuretics, and miner-
alcorticoid receptor antagonists), beta-blockers, calcium channel
blockers, angiotensin-converting enzyme inhibitors or angiotensin-2
receptor blockers (ACEi/ARB), alpha agonists, vasodilators and other.

2.4. Statistical analysis

Chi-squared and independent group t-tests were used to compare
patient characteristics by BP control status at the last clinic visit. Ana-
lyses of BP control was examined at the patient level by comparing
proportion of patients with uncontrolled BP between the first and last
clinic visit during the study period by sex and by age group. Change in
uncontrolled BP was also examined at the visit level by determining the
proportion of clinic visits with uncontrolled BP for each sex and age
group by month of clinic visit during the study period and these data
were plotted using locally-weighted scatterplot smoothing. Generalized
linear mixed effects models for the binomial family with logit function
were then used to examine the association of sex and age group with BP
control status at a clinic visit. The adjusted models included de-
mographics, BMI, tobacco use, presence of diabetes and CVD status, and
month of clinic visit and accounted for the clustering within clinics and
intra-individual correlations. An interaction term of sex * age group
(19-40, 41-65, 65-75, >76 years) fitted in the fully adjusted model met
statistical significance (P = 0.045) so analyses were stratified by sex.
Marginal effects were then used to calculate the adjusted probability of
BP control by sex and by age group and plotted.

The proportion of clinic visits with therapeutic inertia during clinic
visit with uncontrolled BP was examined overall and by sex and by age
group and plotted using locally-weighted scatterplot smoothing. Visits
with uncontrolled BP were not included in the therapeutic inertia ana-
lyses. Generalized linear mixed effects models for the binomial family
with logit function were used to examine the unadjusted and adjusted
association of sex and age group with therapeutic inertia at a clinic visit
with uncontrolled BP while accounting for the clustering within clinics
and intra-individual correlations. The adjusted models accounted for the
covariates in the models of uncontrolled BP but also adjusted for the
systolic BP during the clinic visit fitted as categories < 130 mmHg,
130-149 mmHg, 150-159 mmHg and >160 mmHg with < 130 mmHg
as referent group. An interaction term of sex * age group fitted in the
fully adjusted model met statistical significance (P = 0.04) so analyses of
therapeutic inertia were stratified by sex. Marginal effects were then
used to calculate the adjusted probability of therapeutic inertia during a
clinic visit with uncontrolled BP by sex and by age group. All statistical
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Fig. 2. Proportion of clinic visits with uncontrolled blood pressure (BP) defined as a systolic BP > 140 mmHg and/or a diastolic BP > 90 mmHg during a clinic visit
by month and by age group in males (left panel) and in females (right panel). The proportion of clinic visits with uncontrolled BP during the study period are plotted

for each month by sex and by age group using locally-weighed scatterplot smoothing.

Table 2
Proportion of patients with controlled and uncontrolled blood pressure (> 140/90 mmHg) by treatment status at first and last visit during the study period by sex and
by age group.
Age Group First Visit Last Visit First Visit Last Visit First Visit Last Visit First Visit Last Visit
Males Treated Treated Treated Treated Untreated Untreated Untreated Untreated
(n = 9560) controlled controlled uncontrolled uncontrolled controlled controlled uncontrolled uncontrolled
Overall,% n 40.0 (3821) 51.4 (4916) 23.7 (2266) 20.2 (1931) 19.9 (1902) 19.7 (1880) 16.4 (1571) 8.7 (833)
19-40 years,% 25.5 (103) 43.0 (178) 17.9 (74) 18.1 (75) 23.7 (98) 24.0 (103) 33.6 (139) 14.0 (58)
n (n = 414)
41-65 years,% 39.8 (1709) 54.1 (2320) 24.1 (1036) 20.6 (882) 17.7 (760) 16.9 (727) 18.3 (786) 8.4 (362)
n (n = 4291)
66-75 years,% 42.9 (1235) 53.7 (1544) 24.1 (692) 19.6 (563) 19.6 (563) 18.9 (545) 13.4 (386) 7.8 (224)
n (n = 2876)
76-87 years,% 39.2 (776) 44.2 (874) 23.4 (464) 20.8 (411) 24.3 (481) 25.5 (505) 13.1 (260) 9.6 (189)
n (n =1979)
Age Group First Visit Last Visit First Visit Last Visit First Visit Last Visit First Visit Last Visit
Females (n = Treated Treated Treated Treated Untreated Untreated Untreated Untreated
12,301) controlled controlled uncontrolled uncontrolled controlled controlled uncontrolled uncontrolled
Overall,% (n) 42.6 (5246) 53.5 (6576) 23.2 (2859) 19.7 (2422) 19.5 (2396) 19.4 (2385) 14.6 (1800) 7.5 (918)
19-40 years,% 22.0 (130) 33.9 (200) 13.7 (81) 12.7 (75) 38.0 (224) 40.5 (239) 26.3 (155) 12.9 (76)
n (n = 590)
41-65 years,% 42.2 (2167) 55.3 (2838) 21.8 (1118) 17.9 (919) 19.7 (1012) 19.2 (986) 16.2 (833) 7.5 (387)
n (n = 5130)
66-75 years,% 46.7 (1752) 56.3 (2110) 23.4 (877) 21.0 (786) 36.9 (646) 17.1 (640) 12.6 (474) 5.7 (213)
n (n = 3749)
76-87 years,% 42.3 (1197) 50.4 (1428) 27.6 (783) 22.7 (642) 18.1 (514) 18.4 (520) 11.9 (338) 8.5 (242)
n (n = 2832)

analyses were performed with Stata v 17.0. Statistical significance was
assessed at the alpha level of 0.05.

3. Results

The characteristics of patients who were and were not included in the
analyses are shown in Supplemental Table 1. Compared to the 9560
male and 12, 301 female patients included in the analyses, excluded
patients were younger (61.1 standard deviation [SD] 12.5 vs. 64.8 SD
12.0; P < 0.05) and more likely to have uncontrolled BP (32.0% vs.
27.9%). Among the 9560 males with a total of 32, 532 clinic visits and
12, 301 females with a total of 44, 850 clinic visits, the mean age was
64.8 years (standard deviation [SD 12.8] and ranged from 19 to 87
years; race and ethnicity were reported as NH White in 66.5%, NH Black
in 21.1%, Hispanic in 10.9% and Other in 5.0%. Co-morbidities included
44.4% with obesity, 34.6% with diabetes, and 19.3% with CVD. The
median number of clinic visits was 4 (Interquartile range 3,6). Table 1
shows the characteristics of the study participants by sex and by BP

control status based on the vital signs at the patient’s last clinic visit
during the study period. Among males and females, patients with un-
controlled BP were more likely to report NH Black race/ethnicity and
not have a diabetes diagnosis.

Fidelity to the AOBP protocol increased from 65% of clinic visits
during month 1 to 89% of clinic visits during month 12 (Fig. 1). Overall,
the proportion of clinic visits with uncontrolled BP declined by 9%
among males and by 12% among females from first to last month of the
study period but declines differed by age group for both males and fe-
males with the largest decline noted in males age 19-40 years (Fig. 2).
Based on the percentage of patients with BP control at the first and last
clinic visit during the study period, the percentage of patients with un-
controlled BP during the study period showed a decline in all sex and age
groups (Fig. 2). Among age groups 19-40, 41-65, 66-75 and 76-87
years, uncontrolled BP declined by 19.4%, 13.5%, 10.1% and 8.7%,
respectively, among males and 14.4%, 12.5%, 9.3%, and 8.4%,
respectively, among females based on first vs. last clinic visit (Table 2).

Comparing first to last clinic visit, treatment with at least one BP
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Table 3

Unadjusted and adjusted odds of uncontrolled blood pressure at a clinic visit by sex.
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Males
(32, 532 visits)

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Females
(44, 850 visits)

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Age group

19-40 years

41-65 years

66-75 years

76-87 years
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Non-Hispanic Other
Unknown

BMI categories
18.5 —24.9 kg/m?
< 18.5 kg/m?
25.0-29.9 kg/m?

> 30.0 kg/m?
Missing/Unknown
CVD

Diabetes

Current smoker
Month of visit

a

1.0 (Referent)

0.72 (0.60, 0.89)
0.62 (0.50, 0.76)
0.62 (0.50, 0.77)

1.0 (Referent)

1.52(1.34,1.71)
1.18 (1.02, 1.35)
0.93 (0.77, 1.11)
1.36 (1.04, 1.79)

1.0 (Referent)

1.39 (0.61, 3.19)
1.07 (0.93, 1.23)
1.22 (1.07, 1.40)
1.95 (0.71, 5.40)
0.72 (0.66, 0.79)
0.84 (0.77, 0.91)
1.17 (1.04, 1.32)
0.94 (0.93, 0.96)

1.0 (Referent)

0.80 (0.66, 0.98)
0.75 (0.61, 0.92)
0.82 (0.66, 1.01)

1.0 (Referent)

1.48 (1.32, 1.68)
1.13(0.97, 1.30)
0.97 (0.81, 1.16)
1.31 (1.00, 1.73)

1.0 (Referent)

1.07 (0.56, 2.97)
1.07 (0.93, 1.23)
1.22 (1.06, 1.41)
1.84 (0.66, 5.14)
0.74 (0.68, 0.83)
0.84 (0.78, 0.92)
1.16 (1.03, 1.31)
0.94 (0.93, 0.95)

1.0 (Referent)

1.01 (0.85, 1.19)
1.00 (0.84, 1.18)
1.28 (1.07, 1.52)

1.0 (Referent)

1.50 (1.37, 1.64)
0.96 (0.85, 1.08)
0.88 (0.75, 1.04)
1.33(1.03,1.73)

1.0 (Referent)

1.10 (0.75, 1.60)
0.87 (0.78, 0.97)
0.76 (0.69, 0.84)
0.73 (0.34, 1.57)
1.05 (0.96, 1.15)
0.89 (0.82, 0.95)
1.11 (0.99, 1.25)
0.93 (0.92, 0.95)

1.0 (Referent)

1.02 (0.86, 1.21)
1.04 (0.97, 1.24)
1.32(1.10, 1.59)

1.0 (Referent)

1.62 (1.48,1.78)
1.04 (0.92,1.17)
1.04 (0.92, 1.17)
0.89 (0.75, 1.06)

1.0 (Referent)

1.05 (0.72, 1.54)
0.86 (0.77, 0.96)
0.76 (0.69, 0.85)
0.77 (0.36, 1.65)
1.00 (0.91, 1.10)
0.91 (0.84, 0.98)
1.35 (1.04, 1.78)
0.94 (0.93, 0.95)

@ Other race/ethnicity includes Alaskan Native, American Indian, Asian, Multiracial, Native Hawaiian and Other Pacific Islander and Other. CVD = cardiovascular

disease. Fully adjusted model includes all variables in table.

lowering medication class increased from 64.0% to 71.6% in males and
from 65.9% to 73.1% among females (see Table 2). The increase in
treatment with at least one medication class between the first and last
clinic visit differed by age group. Among individuals with untreated and
uncontrolled BP at the first visit, 47.0% of males and 49.0% of females
were prescribed BP lowering medications by the last visit during the
study period. However, the proportion of patients with untreated and
uncontrolled Bp at the first clinic visit who remained untreated at the
last clinic visit was higher in the older vs. younger age groups (see
Table 2).

At the last clinic visit, a mean of 1.8 BP lowering medication classes
was prescribed to both males and females (Supplemental Table 2). Use

of ACEi/ARB was significantly higher among men vs. women with
treated and controlled (74.1% vs. 65.0%; P <0.05) and with treated and
uncontrolled BP (72.9% vs. 64.9%; P < 0.05). In contrast, thiazide
diuretic use was lower among men vs. women with treated and un-
controlled (34.5% vs. 40.8%; P < 0.05) and with treated and controlled
BP (37.0% vs. 46.5%; P < 0.05).

Table 3 shows the unadjusted and adjusted associations of de-
mographic factors and comorbidities with BP control status at a clinic
visit stratified by sex. For both males and females, each advancing
month during the study period was associated with lower adjusted odds
of uncontrolled BP at a clinic visit. Among male patients, adjusted odds
of uncontrolled BP were lower among age groups > 40 years vs. 19-40

45
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Fig. 3. Adjusted probability of uncontrolled blood pressure (BP) defined as a systolic BP > 140 mmHg and/or a diastolic BP > 90 mmHg (left panel) and therapeutic
inertia (right panel) during a clinic visit by age group and by sex. Adjusted probability of uncontrolled BP was determined using generalized linear mixed effects
models for the binomial family with logit function and marginal effects. Models accounted for the clustering within clinics and intra-individual correlations and
adjusted for demographics, body mass index, current smoking, presence of diabetes and cardiovascular disease, and month of clinic visit. Therapeutic inertia was
defined as absence of escalation or initiation of new BP lowering medication during a clinic visit with uncontrolled BP. Adjusted probability of therapeutic inertia was
determined using generalized linear mixed effects models for the binomial family with logit function and marginal effects and accounted for same variables in models

as uncontrolled BP but also accounted for the systolic BP at the clinic visit.
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Table 4
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Unadjusted and adjusted odds of therapeutic inertia during a clinic visit with blood pressure > 140/90 mmHg by sex.

Males (11, 028 visits)

Females (14, 980 visits)

Characteristics Unadjusted OR (95% CI) Adjusted OR (95% CI) Unadjusted OR (95% CI) Adjusted OR (95% CI)
Age group

19-40 years 1.0 (Referent) 1.0 (Referent) 1.0 (Referent) 1.0 (Referent)

41-65 years 1.27 (1.01, 1.58) 1.30 (1.04, 1.63) 1.03 (0.084, 1.26) 1.23 (1.00, 1.52)
66-75 years 2.09 (1.66, 2.64) 2.16 (1.69, 2.75) 1.49 (1.21, 1.86) 1.88 (1.50, 2.36)
76-87 years 3.49 (3.03, 4.48) 3.40 (2.60, 4.43) 1.92 (1.53, 2.39) 2.43 (1.92, 3.08)

Race and ethnicity
NH White

NH Black

Hispanic

NH Other “

Unknown

BMI categories

18.5 —24.9 kg/m?

< 18.5 kg/m?
25-29.9 kg/m?>

> 30 kg/m?
Unknown

CVD

Diabetes

Current smoking
Month of clinic visit
SBP categories

SBP < 130 mmHg
SBP 130-139 mmHg
SBP 140-149 mmHg
SBP 150-159 mmHg
SBP > 160 mmHg

# Medication Classes

1.0 (Referent)

0.85 (0.73, 0.98)
0.83 (0.70, 0.99)
0.88 (0.69, 1.11)
0.69 (0.50, 0.97)

1.0 (Referent)

6.62 (0.82, 54.0)
0.73 (0.60, 0.82)
0.68 (0.57, 0.82)
4.13 (0.49, 35.5)
1.86 (1.63, 2.13)
1.29 (1.11, 1.43)
0.72 (0.62, 0.83)
1.00 (0.98, 1.01)

Referent

0.82 (0.51, 1.34)
0.94 (0.60, 1.47)
0.49 (0.31, 0.76)
0.42 (0.26, 0.66)
0.83 (0.79, 0.87)

1.0 (Referent)

1.05 (0.90, 1.21)
0.95 (0.79, 1.13)
0.90 (0.71, 1.14)
0.78 (0.56, 1.09)

1.0 (Referent)
6.88 (0.85, 56.02)
0.81 (0.67, 0.99)
0.88 (0.73, 1.07)
4.34 (0.51, 36.7)
1.56 (1.36, 1.80)
1.32(1.18, 1.47)
0.81 (0.71, 0.94)
0.99 (0.98, 1.00)

Referent

0.83 (0.52, 1.35)
0.71 (0.46, 1.11)
0.36 (0.24, 0.57)
0.31 (0.20, 0.48)
0.82 (0.78, 0.86)

1.0 (Referent)

0.85 (0.76, 0.95)
0.72 (0.63, 0.84)
0.91 (0.72, 1.15)
0.83 (0.59, 1.15)

1.0 (Referent)

1.16 (0.70, 1.93)
0.97 (0.84, 1.07)
0.94 (0.82, 1.07)
0.79 (0.28, 2.14)
1.68 (1.49, 1.90)
1.34 (1.21, 1.48)
0.86 (0.74, 0.99)
1.00 (0.99, 1.01)

0.56 (0.34, 0.91)
0.63 (0.40, 0.98)
0.35 (0.22, 0.54)
0.24 (0.16, 0.39)
0.85 (0.81, 0.88)

1.0 (Referent)

1.00 (0.89, 1.13)
0.77 (0.66, 0.90)
0.96 (0.76, 1.22)
0.96 (0.68, 1.34)

1.0 (Referent)

0.99 (0.60, 1.53)
0.97 (0.84, 1.12)
1.02 (0.89, 1.17)
0.79 (0.29, 2.19)
1.50 (1.40, 1.81)
1.36 (1.22, 1.51)
0.95 (0.82, 1.10)
1.00 (0.99, 1.01)

Referent

0.55 (0.34, 0.89)
0.49 (0.31, 0.76)
0.27 (0.17, 0.42)
0.19 (0.11, 0.29)
0.81 (0.77, 0.84)

@ Other race/ethnicity includes Alaskan Native, American Indian, Asian, Multiracial, Native Hawaiian and Other Pacific Islander and Other. CVD = cardiovascular

disease. Fully adjusted model includes all variables in table.

years while among female patients, odds of uncontrolled BP were higher
in age group 76-87 years (OR 1.32; 95% CI 1.10, 1.59) vs. age 19-40
years. Similar findings were noted with uncontrolled BP defined as >
130/80 mmHg (see Supplemental Table 3). Other factors associated
with higher odds of uncontrolled BP among males and females included
NH Black race and current smoking. Fig. 3 (left panel) shows the
adjusted probability of uncontrolled BP at a clinic visit by sex and by age
group. Among males, the adjusted probability of uncontrolled BP
declined with advancing age until age > 65 years. Among females, the
adjusted probability of uncontrolled BP increased after age 65 years.

Among the 25, 574 clinic visits with uncontrolled BP (11, 035 male
and 14, 539 female), therapeutic inertia occurred in 78.4% overall and
in 76.3% of male visits and 80.1% of female visits. Therapeutic inertia
increased with advancing age in both males and females (see Supple-
mental Figure 2) and ranged from 66.5% and 75.9% in males and fe-
males age 19-40 years, respectively, to 85.6% and 84.9% in males and
females age 76-87 years, respectively. Change in medication class
occurred in 16.3% of visits with uncontrolled BP overall and in 17.9% of
male visits with uncontrolled BP and 15.1% of female visits with un-
controlled BP. A dose change occurred in 5.6% of visits with uncon-
trolled BP overall and in 6.3% of male visits and 5.1% of female visits
with uncontrolled BP, respectively. For both males and females,
adjusted odds of therapeutic inertia at a clinic visit with uncontrolled BP
were significantly higher with age groups > 65 years vs. age 19-40 years
(Table 4). Adjusted odds of therapeutic inertia during visits with un-
controlled BP were higher in age group 76-87 years vs. 19-40 years in
both men (OR 3.40; 95% CI 2.60, 4.43) and women (OR 2.43; 95% CI
1.92, 3.08) . Non-White race and Hispanic ethnicity were not signifi-
cantly associated with higher odds of therapeutic inertia. No significant
association was noted with month of visit and odds of therapeutic inertia
for males or females. Similar findings were noted when therapeutic
inertia was examined during clinic visits with BP > 130/80 mmHg (see
Supplemental Table 4).

Fig. 3 (right panel) shows the adjusted probability of therapeutic

inertia at a clinic visit with uncontrolled BP by sex and by age group.
While the adjusted probability of therapeutic inertia increased with
advancing age among both males and females, adjusted probability of
therapeutic inertia was consistently higher among females until age
group 76-87 years.

4. Discussion

This study examined BP control and therapeutic inertia in a large
cohort of hypertensive adults ages 19 to 87 years receiving care in pri-
mary care clinics enrolled in the AMA MAP BP® Program. Our analyses
showed that uncontrolled BP declined after implementation of the AMA
MAP BP® program by 11.2% among males and 10.7% among females
during the 12 month period based on vital signs during the first and last
clinic visit. Across the entire study period, the adjusted probability of
uncontrolled BP was noted to be lower with advancing age among
males, but higher among females after age 65 years. These findings are
similar to previous studies which examined BP control in cohort studies
[14,32], health systems [15,24], and in the non-institutionalized U.S.
population [13,33]. Our study also showed larger declines in uncon-
trolled BP in younger vs. older age groups with implementation of the
hypertension quality improvement program regardless of sex.

The reasons for sex and age differences in BP control have not been
fully elucidated, and our study aimed to explore the role of therapeutic
inertia as a possible contributing factor. Similar to previous studies
[13-15,19], our study found higher odds of therapeutic inertia with
advancing age among both males and females but therapeutic inertia
was consistently higher among females until age 76 years. We did not
see significant declines in therapeutic inertia in any sex or age group by
time. These findings demonstrate a need to develop and implement in-
terventions that specifically focus on reducing therapeutic inertia,
especially among older adults, and female patients. Interventions could
include use of self-monitoring of BP, which when paired with other
tools, may help reduce therapeutic inertia and improve BP control [34,
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35]. Female patients were less likely to be prescribed maximum doses of
calcium channel blockers while use of maximum doses of thiazide di-
uretics and ACEi/ARB did not differ by sex. A previous analysis of the
2005-2011 National Ambulatory Care Survey data showed no signifi-
cant sex differences in the initiation of antihypertensive therapy during
a clinic visit with uncontrolled BP after controlling for demographics,
comorbidities and insurance status [15]. However, this study did not
examine sex differences in therapeutic inertia by age group.

Our findings are unique because clinics were participating in the
AMA MAP BP® program and the patient cohort age ranged from 19 to 87
years. Our analyses adjusted for demographics and comorbidities which
can influence BP control and possibly decisions to intensify BP lowering
medications. Limitations of the study include the reliance on clinic BP to
define BP control and lack of home BP measurements. Our analyses also
did not include data on patient reported adverse effects to medications,
total number of medications, insurance status, education attainment,
diet or physical activity. Lastly, the study includes a relatively short
follow-up period. More studies are needed to examine contextual factors
at the clinic or provider level that can be addressed to reduce therapeutic
inertia and improve BP control.

In conclusion, this study utilized data from patients receiving care
within outpatient clinics enrolled in the AMA MAP BP® program. Re-
sults from early implementation of the program showed improvement in
BP control rates for both male and female patients but age and sex dis-
parities in BP control persisted. More research is needed to determine
reasons for age and sex differences in BP control and therapeutic inertia
to improve CVD prevention among older adults.

Central illustration

Improvement of blood pressure (BP) control with a
hypertension quality improvement program differs by sex

and by age group
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Conclusions:
Findings emphasize the need for interventions to reduce sex and age disparities in blood

pressure control.

Improvements in blood pressure control differ by sex and by age group with
implementation of a hypertension quality improvement program.

Sources of funding

None.
Disclosures

Data were presented at the American Society of Nephrology meeting
as an oral presentation online in November 2021 (OM). Dr. Kramer is a
consultant for Bayer pharmaceuticals and Vifor pharmaceuticals.
Disclaimer

The content is solely the responsibility of the authors and does not

necessarily represent the official views of the American Medical
Association.

American Journal of Preventive Cardiology 17 (2024) 100632
CRediT authorship contribution statement

Olivia Myers: Conceptualization, Formal analysis, Writing — original
draft, Writing — review & editing. Talar Markossian: Conceptualiza-
tion, Formal analysis, Methodology, Writing — review & editing.
Beatrice Probst: Data curation, Project administration, Writing — re-
view & editing. Grant Hiura: Data curation, Formal analysis, Writing —
review & editing. Katherine Habicht: Data curation, Project adminis-
tration, Writing — review & editing. Brent Egan: Formal analysis,
Writing — review & editing. Holly Kramer: Conceptualization, Formal
analysis, Writing — original draft, Writing — review & editing.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

Holly Kramer reports a relationship with Bayshore Pharmaceuticals
LLC that includes: consulting or advisory. Holly Kramer reports a rela-
tionship with Vifor Pharma Ltd that includes: consulting or advisory. Dr.
Egan is employed by the American Medical Association

Acknowledgements

None.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ajpc.2023.100632.

References

[1] Heron M. Deaths: Leading Causes for 2019. Report no. 9. National Center for
Health Statistics: Hyattsville, MD, 2021.

[2] Yazdanyar A, Newman AB. The burden of cardiovascular disease in the elderly:
morbidity, mortality, and costs. Clin Geriatr Med 2009;25(4):563-77. vii.

[3] Blood Pressure Lowering Treatment Trialists C. Pharmacological blood pressure
lowering for primary and secondary prevention of cardiovascular disease across
different levels of blood pressure: an individual participant-level data meta-
analysis. Lancet 2021;397(10285):1625-36.

[4] 3rd Bress AP, Colantonio LD, Cooper RS, Kramer H, Booth JN, Odden MC, Bibbins-
Domingo K, Shimbo D, Whelton PK, Levitan EB, Howard G, Bellows BK,
Kleindorfer D, Safford MM, Muntner P, Moran AE. Potential Cardiovascular Disease
Events Prevented with Adoption of the 2017 American College of Cardiology/
American Heart Association Blood Pressure Guideline. Circulation 2019;139(1):
24-36.

[5] Bress AP, Kramer H, Khatib R, Beddhu S, Cheung AK, Hess R, Bansal VK, Cao G,
Yee J, Moran AE, Durazo-Arvizu R, Muntner P, Cooper RS. Potential Deaths
Averted and Serious Adverse Events Incurred From Adoption of the SPRINT
(Systolic Blood Pressure Intervention Trial) Intensive Blood Pressure Regimen in
the United States: Projections From NHANES (National Health and Nutrition
Examination Survey). Circulation 2017;135(17):1617-28.

[6] Mensah GA, Wei GS, Sorlie PD, Fine LJ, Rosenberg Y, Kaufmann PG, Mussolino ME,
Hsu LL, Addou E, Engelgau MM, Gordon D. Decline in Cardiovascular Mortality:
Possible Causes and Implications. Circ Res 2017;120(2):366-80.

[7] Muntner P, Miles MA, Jaeger BC, Hannon lii L, Hardy ST, Ostchega Y, Wozniak G,
Schwartz JE. Blood Pressure Control Among US Adults, 2009 to 2012 Through
2017 to 2020. Hypertension 2022;79(9):1971-80.

[8] Levy D, Larson MG, Vasan RS, Kannel WB, Ho KK. The progression from

hypertension to congestive heart failure. JAMA 1996;275(20):1557-62.

Millett ERC, Peters SAE, Woodward M. Sex differences in risk factors for

myocardial infarction: cohort study of UK Biobank participants. BMJ 2018;363:

k4247.

[10] Kringeland E, Tell GS, Midtbo H, Igland J, Haugsgjerd TR, Gerdts E. Stage 1
hypertension, sex, and acute coronary syndromes during midlife: the Hordaland
Health Study. Eur J Prev Cardiol 2022;29(1):147-54.

[11] Ji H, Niiranen TJ, Rader F, Henglin M, Kim A, Ebinger JE, Claggett B, Merz CNB,
Cheng S. Sex Differences in Blood Pressure Associations With Cardiovascular
Outcomes. Circulation 2021;143(7):761-3.

[12] Gerdts E, Sudano I, Brouwers S, Borghi C, Bruno RM, Ceconi C, Cornelissen V,
Dievart F, Ferrini M, Kahan T, Lochen ML, Maas A, Mahfoud F, Mihailidou AS,
Moholdt T, Parati G, de Simone G. Sex differences in arterial hypertension. Eur
Heart J 2022;43(46):4777-88.

[13] Foti K, Wang D, Appel LJ, Selvin E. Hypertension Awareness, Treatment, and
Control in US Adults: Trends in the Hypertension Control Cascade by Population

[9

—


https://doi.org/10.1016/j.ajpc.2023.100632
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0002
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0002
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0003
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0003
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0003
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0003
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0004
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0004
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0004
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0004
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0004
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0004
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0005
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0005
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0005
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0005
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0005
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0005
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0006
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0006
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0006
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0007
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0007
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0007
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0008
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0008
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0009
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0009
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0009
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0010
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0010
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0010
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0011
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0011
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0011
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0012
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0012
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0012
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0012
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0013
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0013

O. Myers et al.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Subgroup (National Health and Nutrition Examination Survey, 1999-2016). Am J
Epidemiol 2019;188(12):2165-74.

Osude N, Durazo-Arvizu R, Markossian T, Liu K, Michos ED, Rakotz M, Wozniak G,
Egan B, Kramer H. Age and sex disparities in hypertension control: The multi-
ethnic study of atherosclerosis (MESA). Am J Prev Cardiol 2021;8:100230.
Keyhani S, Scobie JV, Hebert PL, McLaughlin MA. Gender disparities in blood
pressure control and cardiovascular care in a national sample of ambulatory care
visits. Hypertension 2008;51(4):1149-55.

Beale AL, Meyer P, Marwick TH, Lam CSP, Kaye DM. Sex Differences in
Cardiovascular Pathophysiology: Why Women Are Overrepresented in Heart
Failure With Preserved Ejection Fraction. Circulation 2018;138(2):198-205.
Dewan P, Rorth R, Raparelli V, Campbell RT, Shen L, Jhund PS, Petrie MC,
Anand IS, Carson PE, Desai AS, Granger CB, Kober L, Komajda M, McKelvie RS,
O’Meara E, Pfeffer MA, Pitt B, Solomon SD, Swedberg K, Zile MR, McMurray JJV.
Sex-Related Differences in Heart Failure With Preserved Ejection Fraction. Circ
Heart Fail 2019;12(12):e006539.

Okin PM, Gerdsts E, Kjeldsen SE, Julius S, Edelman JM, Dahlof B, Devereux RB.
Losartan Intervention for Endpoint Reduction in Hypertension Study I. Gender
differences in regression of electrocardiographic left ventricular hypertrophy
during antihypertensive therapy. Hypertension 2008;52(1):100-6.

Mu L, Mukamal KJ. Treatment Intensification for Hypertension in US Ambulatory
Medical Care. J Am Heart Assoc 2016;5(10).

Ali DH, Kilic B, Hart HE, Bots ML, Biermans MCJ, Spiering W, Rutten FH,
Hollander M. Therapeutic inertia in the management of hypertension in primary
care. J Hypertens 2021;39(6):1238-45.

Milman T, Joundi RA, Alotaibi NM, Saposnik G. Clinical inertia in the
pharmacological management of hypertension: A systematic review and meta-
analysis. Medicine (Baltimore) 2018;97(25):e11121.

Redon J, Coca A, Lazaro P, Aguilar MD, Cabanas M, Gil N, Sanchez-Zamorano MA,
Aranda P. Factors associated with therapeutic inertia in hypertension: validation of
a predictive model. J Hypertens 2010;28(8):1770-7.

Augustin A, Coutts L, Zanisi L, Wierzbicki AS, Shankar F, Chowienczyk PJ,

Floyd CN. Impact of Therapeutic Inertia on Long-Term Blood Pressure Control: A
Monte Carlo Simulation Study. Hypertension 2021;77(4):1350-9.

Daugherty SL, Masoudi FA, Ellis JL, Ho PM, Schmittdiel JA, Tavel HM, Selby JV,
O’Connor PJ, Margolis KL, Magid DJ. Age-dependent gender differences in
hypertension management. J Hypertens 2011;29(5):1005-11.

Abdalla M, Bolen SD, Brettler J, Egan BM, Ferdinand KC, Ford CD, Lackland DT,
Wall HK, Shimbo D. American Heart A, American Medical A. Implementation
Strategies to Improve Blood Pressure Control in the United States: A Scientific
Statement From the American Heart Association and American Medical
Association. Hypertension 2023;80(10):e143-57.

Boonyasai RT, Rakotz MK, Lubomski LH, Daniel DM, Marsteller JA, Taylor KS,
Cooper LA, Hasan O, Wynia MK. Measure accurately, Act rapidly, and Partner with

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

American Journal of Preventive Cardiology 17 (2024) 100632

patients: An intuitive and practical three-part framework to guide efforts to
improve hypertension control. J Clin Hypertens (Greenwich) 2017;19(7):684-94.
AMA map bp program. Chicago, IL: American Medical Association; 2022.

Hanlin RB, Asif IM, Wozniak G, Sutherland SE, Shah B, Yang J, Davis RA, Bryan ST,
Rakotz M, Egan BM. Measure Accurately, Act Rapidly, and Partner With Patients
(MAP) improves hypertension control in medically underserved patients: Care
Coordination Institute and American Medical Association Hypertension Control
Project Pilot Study results. J Clin Hypertens (Greenwich) 2018;20(1):79-87.
Egan BM, Sutherland SE, Rakotz M, Yang J, Hanlin RB, Davis RA, Wozniak G.
Improving Hypertension Control in Primary Care With the Measure Accurately, Act
Rapidly, and Partner With Patients Protocol. Hypertension 2018;72(6):1320-7.
Muntner P, Shimbo D, Carey RM, Charleston JB, Gaillard T, Misra S, Myers MG,
Ogedegbe G, Schwartz JE, Townsend RR, Urbina EM, Viera AJ, White WB,
Wright Jr JT. Measurement of Blood Pressure in Humans: A Scientific Statement
From the American Heart Association. Hypertension 2019;73(5):e35-66.
Whelton PK, Carey RM, Aronow WS, Casey Jr DE, Collins KJ, Dennison
Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, MacLaughlin EJ,
Muntner P, Ovbiagele B, Smith Jr SC, Spencer CC, Stafford RS, Taler SJ,

Thomas RJ, Williams Sr KA, Williamson JD, Wright Jr JT. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults:
Executive Summary: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. Circulation 2018;138
(17):e426-83.

Lloyd-Jones DM, Evans JC, Levy D. Hypertension in adults across the age spectrum:
current outcomes and control in the community. JAMA 2005;294(4):466-72.
Fryar CD, Ostchega Y, Hales CM, Zhang G, Kruszon-Moran D. Hypertension
Prevalence and Control Among Adults: United States, 2015-2016. NCHS Data Brief
2017;(289):1-8.

Sheppard JP, Tucker KL, Davison WJ, Stevens R, Aekplakorn W, Bosworth HB,
Bove A, Earle K, Godwin M, Green BB, Hebert P, Heneghan C, Hill N, Hobbs FDR,
Kantola I, Kerry SM, Leiva A, Magid DJ, Mant J, Margolis KL, McKinstry B,
McLaughlin MA, McNamara K, Omboni S, Ogedegbe O, Parati G, Varis J,
Verberk WJ, Wakefield BJ, McManus RJ. Self-monitoring of Blood Pressure in
Patients With Hypertension-Related Multi-morbidity: Systematic Review and
Individual Patient Data Meta-analysis. Am J Hypertens 2020;33(3):243-51.
Tucker KL, Sheppard JP, Stevens R, Bosworth HB, Bove A, Bray EP, Earle K,
George J, Godwin M, Green BB, Hebert P, Hobbs FDR, Kantola I, Kerry SM, Leiva A,
Magid DJ, Mant J, Margolis KL, McKinstry B, McLaughlin MA, Omboni S,
Ogedegbe O, Parati G, Qamar N, Tabaei BP, Varis J, Verberk WJ, Wakefield BJ,
McManus RJ. Self-monitoring of blood pressure in hypertension: A systematic
review and individual patient data meta-analysis. Plos Med 2017;14(9):e1002389.


http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0013
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0013
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0014
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0014
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0014
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0015
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0015
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0015
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0016
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0016
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0016
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0017
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0017
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0017
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0017
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0017
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0018
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0018
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0018
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0018
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0019
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0019
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0020
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0020
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0020
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0021
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0021
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0021
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0022
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0022
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0022
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0023
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0023
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0023
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0024
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0024
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0024
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0025
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0025
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0025
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0025
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0025
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0026
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0026
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0026
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0026
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0027
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0028
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0028
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0028
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0028
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0028
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0029
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0029
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0029
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0030
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0030
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0030
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0030
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0031
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0032
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0032
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0033
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0033
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0033
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0035
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0035
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0035
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0035
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0035
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0035
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0035
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0036
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0036
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0036
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0036
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0036
http://refhub.elsevier.com/S2666-6677(23)00173-3/sbref0036

	Age and sex disparities in blood pressure control and therapeutic inertia: Impact of a quality improvement program
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Blood pressure measurement and control
	2.3 Demographics
	2.4 Statistical analysis

	3 Results
	4 Discussion
	Sources of funding
	Disclosures
	Disclaimer
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


