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A B S T R A C T

Background: The secondary preventive medical remedies used in the U.S. general population, particularly those
with numerous co-morbidities, are poorly understood. We aimed to assess health outcomes and the extent of their
adherence to guideline-based secondary prevention medications among U.S. coronary heart disease (CHD)
patients.
Methods: We analysed information from the U.S. National Health and Nutrition Examination Survey (NHANES)
from 1999 to 2018 on people in the United States aged 18 to 85 who had a personal history of coronary heart
disease (CHD). Logistic regression analyses were used to identify characteristics related to healthcare access that
were linked with not taking any indicated drugs among CHD and other co-morbidity patients in the U.S.
Results: We gathered 4256 CHD patients aged 18 and above. Angiotensin-converting enzyme inhibitors/angio-
tensin receptor blockers (ACEIs/ARBs), statins, and antiplatelet medications were taken by 50.94%, 48.26%,
53.41 %, and 19.78% of the population, respectively. Surprising, not received recommended drugs was reached
up to 21.12%, and taking all four drugs was only 7.64%. In conclusion, the logistic regression analysis revealed
that the chance of not taking prescribed drugs increased with age (18–39), race (Hispanic and Non-Hispanic
Black), low income, lack of insurance, and the absence of co-morbidities (hypertension, heart failure, and dia-
betes mellitus).
Conclusions: The gap between the proposed secondary preventative measures and their actual execution remains
sizable. In order to achieve ‘Healthy Aging’, a systematic approach for prevention of CHD is urgently needed.
1. Introduction

Cardiovascular disease (CVD) is one of the most common diseases for
mortality, morbidity, and disability not only in United States (U.S.) but
also worldwide [1]. An estimated 25% of the over 800,000 myocardial
infarctions (MI) that occur annually are reoccurring incidents, and 15%
of Medicare recipients who undergo a percutaneous coronary interven-
tion (PCI) have a cardiac re-hospitalization within 1 year [2]. The
number of people living with CHD in the United States has risen to over
18 million. In 2008, those over the age of 75 accounted for 67% of all
cardiovascular disease fatalities in the United States [3]. Coronary heart
disease was the leading cause of death among people over the age of 75.
.
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The economic impact of cardiovascular disease is staggering; between
2011 and 2025, the cost of CHD and stroke in low- and middle-income
countries is expected to add up to $US3.76 trillion [4]. Evidence-based
pharmacotherapies and lifestyle treatments are given the most weight
in clinical practise recommendations for secondary prevention [5].

Patients with CHD may benefit from treatment with statins, beta-
blockers, Angiotensin-converting enzyme inhibitors (ACEIs) or angio-
tensin receptor blockers (ARBs), and anti-platelet medicines to decrease
the risk of reinfarction and mortality [6,7,8,9,10,11,12,13]. It has been
suggested that people take such drugs, but compliance with national
standards for the therapy has been less than ideal [14,15,16,17]. Patients
with several co-morbidities, in particular, were less likely to get the best
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possible care [18, 19]. Adequate adherence to suggested lifestyle and
pharmacologic therapy was found insufficient in recent research by
Wong et al. Focusing on data from the National Health and Nutrition
Examination Survey (NHANES) on CHD in the US [20]. Concerningly,
this research only included participants from two NHANES cycles
(2007–2010). Therefore, the current research hypothesizes that there is a
significant gap between recommendations and actual practice in the
management on CHD in the US. Using NHANES data, we aimed to
characterise characteristics of American CHD patients and assess their
drug adherence in the real world in comparison to secondary preventive
guidelines. Medical treatment plan adherence factors were also
investigated.

2. Materials and methods

2.1. Methods and subjects in a study

This study employed 1999–2018 NHANES data (https://www.cdc.
gov/nchs/nhanes/about.htm). The National Center for Health Statistics
conducts the NHANES study of civilian, noninstitutionalized Americans.
Data are made available to the public in cycles of two years after the
national sample was recruited using a multistage, stratified sampling
strategy. Ten survey cycles (1999–2000, 2001–2002, 2003–2004,
2005–2006, 2007–2008, 2009–2010, 2011–2012, 2013–2014,
2015–2016, and 2017–2018) were analysed for this research. Between
57% and 84% of people responded to interviews over those years, while
between 53% and 80% took the exams. Participants needed to meet two
criteria: 1) be self-reporting a history of CHD, and 2) be at least 18 years
old. Participants who failed to disclose a previous history of CHD or who
were not currently pregnant were not included in the analysis. The
question “Have you ever been advised by a doctor or health professional
that you have angina pectoris, myocardial infarction (“heart attack”), or
CHD?” was not answered by 462,38 of the 101,316 people who partici-
pated in the NHANES. Then, we took out 50822 people since they didn't
have a self-reported history of coronary heart disease. All remaining in-
dividuals were non-pregnant, 4256 eligible subjects were enrolled, and
missingness remained at less than 15% in each observation. As a result,
we treated the dataset with no missing values and did not impute them.

2.2. Data collection

Participating respondents were given in-depth interviews at their
homes and had the opportunity to undergo a standardized physical ex-
amination at a mobile examination facility. high-density lipoprotein
cholesterol (HDL-C), Low-density lipoprotein cholesterol (LDL-C), gly-
cated haemoglobin (HbA1c), total cholesterol (TC), serum creatinine
(SCr), and blood glucose (BG) were all measured from the subjects' blood
samples following protocols outlined in the NHANES Laboratory/Medi-
cal Technologists Procedures Manual. Self-reported demographics, so-
cioeconomic position, lifestyle factors, health-related questions, and
medical problems such as a prior diagnosis of stroke or congestive heart
failure (HF) were all collected through in-person and telephone in-
terviews by trained interviewers. All survey takers also provided their
informed consent.

Participants were questioned at home about whether they had ever
been informed by a doctor that they had CHD, myocardial infarction, or
angina pectoris. Those who replied “yes”were classified as CHD patients.
According to the AHA/ACCF Secondary Prevention and Risk Reduction
Therapy for Patients with Coronary and Other Atherosclerotic Vascular
Disease Guidelines [21], this research focused on pharmacologic therapy
such as blockers, ACEIs/ARBs, statins, and antiplatelet medicines. At the
time of the in-home interview, participants were queried about any
prescription medication usage in the prior 30 days. This pharmaceutical
information was gathered from that data. The interviewer will get the
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medicine name from the pill container if the respondent selected “yes.” In
the absence of the medicine container, the interviewer requested the
subjects to orally state the name of the drug.

Expert doctors at the mobile examination facilities used a conven-
tional method to take the participants' blood pressure (BP) in the sitting
area after they had rested for 5 min. Following an accurate measurement
of each participant's upper arm circumference, the appropriately sized
cuff was applied. The doctors took readings three times for each patient,
averaging the results to get a final BP reading of stolic blood pressure
(SBP) and diastolic blood pressure (DBP). Waist circumference and body
mass index (BMI) were also assessed in the MECs using the samemethods
as the NHANES study.

2.3. Definition of co-morbidities and some social factors

A affirmative response to the question “Are you now taking pre-
scribed medication because of your diabetes/high blood sugar?” or a
medical diagnosis of diabetes mellitus (DM) were used to diagnose DM
[22]. Hypertension was defined as either having a systolic blood pressure
(SBP) more than 140 mm Hg, a diastolic blood pressure (DBP) less than
90 mm Hg (130/80 mm Hg if DM), or needing to take medication to
control any of these conditions [23]. Glomerular filtration rate (GFR, 60
ml/min/1.73m2) was used to identify chronic kidney disease (CKD), and
it was calculated using the Modification of Diet in Renal Disease equation
[GFR¼ 186� serum creatinine-10,154� age-0.2.3� (1.212 if black])�
(0.742 if female)] [24]. Three of the following were used to characterize
metabolic syndrome [25]: (1) waist size greater than 89 cm for women
and greater than 102 cm for men; (2) HDL-C less than 40 mg/dl for men
or less than 50 mg/dl for women; (3) fasting TG greater than 150 mg/dl;
(4) high blood pressure (systolic or diastolic) or being treated; and (5)
impaired fasting glucose, which is defined as 100–125 mg/dl.

Annual household income was used to categorize people into low,
medium, and high socioeconomic groups: those with an annual income of
less than $35,000, between $35,000 and $75,000, and above $75,000.
Associate degree or above (AA or high), high school diploma or equiv-
alent (high), and less than high school (low) were the categories used to
describe educational attainment. In this study, “no medication” meant
that the subject was not using any beta-blocker, ACEI/ARB, statin, or
anti-platelet drug. While taking medicine meant using one of the afore-
mentioned secondary preventive medications.

2.4. Statistical analysis

Cross-tabulations using Chi-square testing determined the % of pa-
tients taking at least one drug by sex, age (65 and >65), socioeconomic
status, race/ethnicity, degree of education, current health insurance
coverage (insured and uninsured), and co-morbidities. Student's t-tests
were used to compare systolic and diastolic blood pressure, serum lipids
(LDL-C, HDL-C, and TC), and medication compliance. The estimates
included beta blockers, ACEIs/ARBs, and diuretics. Chi-square tests
compared medication use in persons with and without co-morbidities
such hypertension, MS, stroke, HF, DM, and CKD.

To begin, we used the likelihood ratio test in univariate logistic
regression to determine which factors were associated with patients
failing to take their medication as directed. Gender, age (18–39), age
(40–49), age (50–59), age (60–69), year (1999–2002, 2003–2006,
2007–2010, 2011–2014, and 2018–2019), race, socioeconomic status,
education level, insurance status, and the existence of co-morbidities
were all included as independent factors. We used multivariate logistic
regression to examine the factors associated with not taking medications
as recommended, omitting just stroke and MS.

The SAS 9.4 software (SAS Institute, Cary, North Carolina) was used
for all statistical analyses, and a p value of <0.05 was considered sta-
tistically significant.
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Table 1. Characteristics of the final analytic sample of participants (n ¼ 4256).

Characteristics Overall (n ¼
4256)

Not Taking (n
¼ 899)

Taking (n ¼
3357)

P Value

Age (yrs), mean ±
SD

67.83 �
12.57

61.90 � 16.58 69.42 �
10.72

<0.0001

Gender, n (%) 0.0003

Male 2565 (60.27) 495 (55.06) 2070 (61.66)

Female 1691 (39.73) 404 (44.94) 1287 (38.34)

Race, n (%) <0.0001

Non-Hispanic White 2496 (62.40) 465 (54.32) 2031 (64.60)

Hispanic 777 (19.43) 216 (25.23) 561 (17.84)

Non-Hispanic Black 727 (18.18) 175 (20.44) 552 (17.56)

Socioeconomic Status, n (%) 0.0009

Low 1322 (55.29) 245 (63.97) 1077 (53.64)

Middle 723 (30.24) 95 (24.80) 628 (31.27)

High 346 (14.47) 43 (11.23) 303 (15.09)

Education Status, n (%) <0.0001

<high school 1540 (36.33) 385 (43.26) 1155 (34.49)

High school diploma 1028 (24.25) 187 (21.01) 841 (25.11)

AA or high 1671 (39.42) 318 (35.73) 1353 (40.40)

Current Health Insurance Status, n (%) <0.0001

Uninsured 233 (7.95) 111 (22.38) 122 (5.01)

Insured 2696 (92.05) 385 (77.62) 2311 (94.99)

CHD Risk Factor

SBP (mmHg), mean �
SD

132.91 �
22.34

132.12 �
22.13

133.12 �
22.39

0.27

DBP (mmHg), mean�
SD

66.86 �
15.56

70.22 � 14.89 65.99 �
15.62

<0.0001

LDL-C (mg/dL), mean
� SD

98.48 �
37.17

118.98 �
37.40

94.75 �
35.92

<0.0001

HDL-C (mg/dL),
mean � SD

49.37 �
15.35

52.36 � 17.37 48.77 �
14.84

<0.0001

TC (mg/dL), mean �
SD

177.18 �
44.38

200.36 �
42.21

172.50 �
43.34

<0.0001

Current smoking, n
(%)

934 (21.95) 279 (31.03) 655 (19.51) <0.0001

BMI �30 kg/m2, n
(%)

1623 (43.15) 292 (38.47) 1331 (44.34) <0.0001

Central obesity, n (%) 2432 (67.52) 430 (57.80) 2002 (70.05) <0.0001

Co-morbidities, n
(%)

Metabolic syndrome 694 (57.26) 75 (32.05) 619 (63.29) <0.0001

Hypertension 3225 (75.78) 480 (53.39) 2745 (81.77) <0.0001

Stroke 729 (17.13) 136 (15.13) 593 (17.66) 0.07

Heart failure 1183 (27.80) 182 (20.24) 1001 (29.82) <0.0001

Diabetes mellitus 1430 (33.60) 148 (16.46) 1282 (38.19) <0.0001

Chronic kidney
disease

691 (28.39) 62 (15.05) 629 (31.11) <0.0001

Data are presented as n (%) or mean � standard deviation (SD).
Not taking: not taking any β blocker, angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker (ACEI/ARB), statin, or anti-platelet agent.
Taking: taking one or more of the above secondary prevention medications.
Socioeconomic status: low, <$35,000; middle, $35,000-$75,000; high,
>$75,000.
Central obesity: waist circumference >102 cm for men or >89 cm for women.
CHD: coronary heart disease; AA: associate degree; SBP: systolic blood pressure;
DBP: diastolic blood pressure; LDL-C: low-density lipoprotein cholesterol; HDL-C:
high-density lipoprotein cholesterol; TC: total cholesterol; BMI: body mass index.
P value indicates comparison of means or proportions between not taking and
taking groups.

X. Liu et al. Heliyon 8 (2022) e11530
3. Results

Among the 101316 people in the United States who were recruited
over 20 years for NHANES, 4256 (18–85-year-olds) reported having been
notified by a doctor or other health care practitioner that they had CHD
(Table 1). Of that, 899 (21.12%) subjects were not taking any recom-
mend drugs (not taking group), and 3357 (78.88%) subjects were taking
one or more of the secondary preventionmedications (taking group). The
whole average age was 67.83 years, and the patients in taking groupwere
older than not taking group (69.42� 10.72 years vs. 61.90� 16.58 years,
P < 0.0001). The not taking drugs were more likely than taking drugs to
be female, Hispanic, non-Hispanic black, low household income, and
uninsured persons. The not taking group had greater levels of diastolic
blood pressure (70.22 � 14.89 mm Hg vs. 65.99 � 15.62 mm Hg), LDL-C
(118.98 � 37.40 mg/dl vs.94.75 � 35.92 mg/dl), LDL-C (52.36 � 17.37
mg/dl vs. 48.77� 14.84 mg/dl), TC (200.36� 42.21 mg/dl vs. 172.50�
43.34 mg/dl), all p< 0.0001). Although the not taking person were more
often to be current smokers, but less likely to have BMI �25 kg/m2,
central obesity, and co-morbidities except stroke.

The achieving recommended medical therapy goals for secondary
prevention of CHD were given in Table 2 and Figure 1 About half of the
people in the study were given some kind of statin, ACEI/ARB, or
blocker. The male, older (�65 years), and insured persons were more
likely to take β blockers, ACEIs/ARBs and statins in each compare group.
Meanwhile, non-Hispanic White and �associate degree subjects were
more often to take β blockers and ACEIs/ARBs and statins. Although
there were some differences in antiplatelet drugs application, but its rates
were all low, it was only 19.78% overall. The combination therapy in-
formation was shown in Table 3 and Figure 2. With the increased in the
number of drugs, the usage rate gradually decreased, taking three drugs
as well as four drugs were very low. For example, only 325 (7.64%)
patients taking all four drugs, and not received recommended drugs was
reached up to 21.12% (Table 1). Exciting that, the rate of taking one or
two drugs was well, and these situations were more likely appeared in
male, older, Non-Hispanic White, middle/high income, �high school
degree, insured patients.

The percentage of CHD patients with co-morbidities who were pre-
scribed medical treatment is seen in Table 4. It was very interesting that
those with co-morbidities excepted stroke were more often to take β
blockers, ACEIs/ARBs, and statins. Unfortunately, antiplatelet medica-
tions and four-drug taken were both low among those with or without
comorbidities.

Predictors of medication adherence in CHD patients were analysed
using a multivariate logistic regression model (Table 5). The variables for
the ensuing multivariate logistic regression analysis were first deter-
mined using univariate logistic regression. After that, we used a multi-
variate logistic regression to determine risk factors for failing to take
prescribed drugs, and we found that age, gender, race, education, in-
come, and whether or not we had health insurance all played a role.
Multivariate logistic regression analysis identified the following factors
as significant predictors of not taking any of the proven CHD secondary
prevention drugs: age (18–39), race (Hispanic and Non-Hispanic Black),
low income, uninsured, and absence of co-morbidities (hypertension,
heart failure, and diabetes mellitus).

4. Discussion

According to the AHA/ACCF Secondary Prevention and Risk Reduc-
tion recommendations and other relevant guidelines [26, 27], the current
research, which examined real-world individuals in the United States,
shed light on one component of CHD secondary prevention. Although
this benefit has been the subject of extensive research and that such drugs
are commonly recommended for the preventative treatment of patients
with known CHD, the results of the present study showed that there was a
significant discrepancy between pharmaceutical secondary prevention
guidelines and actual practice among CHD adults in the United States.
3

Overall, less than half of the subjects were given beta-blockers, ACEI-
s/ARBs, or statins, and even fewer were given antiplatelet medications.
To our surprise, more than 20% of subjects were not taking any recom-
mended medications. In addition, combination therapy also presents



Table 3. Number of recommended drugs taken in coronary heart disease (CHD)
patients.

Group One Two Three Four

Overall 3357 (78.88) 2398 (56.34) 1257 (29.53) 325 (7.64)

Gender

Male 2070
(80.70)**

1554
(60.58)**

867
(33.80)**

231
(9.01)**

Female 1287 (76.11) 844 (49.91) 390 (23.06) 94 (5.56)

Age (yrs)

<65 1049
(68.83)**

747 (49.02)** 406
(26.64)**

119 (7.81)

�65 2308 (84.48) 1651 (60.43) 851 (31.15) 206 (7.54)

Race

Non-Hispanic
White

2031
(81.37)**

1455
(58.29)**

749 (30.01)* 201 (8.05)*

Hispanic 561 (72.20) 395 (50.84) 197 (25.35) 60 (7.72)

Non-Hispanic
Black

552 (75.93) 383 (52.68) 214 (29.44) 38 (5.23)

Socioeconomic Status

Low 1077 826 (62.48)** 467 (35.33)* 135 (10.21)

Table 2. Achievement of recommended medical therapy in coronary heart dis-
ease (CHD) patients.

Group β blockers ACEIs/ARBs Statins Antiplatelets

Overall 2168 (50.94) 2054 (48.26) 2273 (53.41) 842 (19.78)

Gender

Male 1363
(53.14)**

1279
(49.86)*

1510
(58.87)**

570
(22.22)**

Female 805 (47.60) 775 (45.83) 763 (45.12) 272 (16.09)

Age (yrs)

<65 678 (44.49)** 675
(44.29)**

693 (45.47)** 275 (18.04)*

�65 1490 (54.54) 1379 (50.48) 1580 (57.83) 567 (20.75)

Race

Non-Hispanic
White

1346
(53.93)**

1189 (47.64) 1414
(56.65)**

487 (19.51)

Hispanic 324 (41.70) 374 (48.13) 362 (46.59) 153 (19.69)

Non-Hispanic
Black

356 (48.97) 356 (48.97) 338 (46.49) 137 (18.84)

Socioeconomic Status

Low 737 (55.75) 689 (52.12) 769 (58.17)** 310 (23.45)

Middle 437 (60.44) 406 (56.15) 488 (67.50) 184 (25.45)

High 186 (53.76) 190 (54.91) 244 (70.52) 93 (26.88)

Education Status

< high school 728 (47.27)** 710 (46.10) 741 (48.12)** 305 (19.81)

High school
diploma

542 (52.72) 516 (50.19) 579 (56.32) 208 (20.23)

AA or high 893 (53.44) 825 (49.37) 949 (56.79) 327 (19.57)

Current Health Insurance Status

Uninsured 75 (32.19)** 85 (36.48)** 75 (32.19)** 36 (15.45)**

Insured 1586 (58.83) 1454 (53.93) 1704 (63.20) 666 (24.70)

Data are presented as n (%).
ACEIs/ARBs: angiotensin converting enzyme inhibitors/angiotensin receptor
blockers; AA: associate degree.
*p < 0.05, **p < 0.01 between gender, age, socioeconomic, educational, or
current health insurance statuses.
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similar results. Multivariate logistic regression analysis confirmed that
age (18–39), race (Hispanic and Non-Hispanic Black), low income, lack
of insurance, and the absence of co-morbidities (hypertension, heart
failure, and diabetes mellitus) were all significant predictors of not
receiving CHD secondary prevention drugs.

Reductions in mortality and re-infarction have been seen in in-
dividuals with preexisting CHD who take a beta-blocker, according to
clinical studies with compelling data. β-blockers reduce heart rate by
delaying conduction in the sinoatrial node and atrioventricular node
Figure 1. Shows the percentage (%) of US people with CHD who are taking
recommended drugs, broken down by gender and age (years). ARB, or angio-
tensin receptor blocker, stands for angiotensin converting enzyme inhibitor.
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through negative conduction, negative inotropy, and negative chrono-
tropy, reducing myocardial contractility and thus reducing myocardial
oxygen consumption [28]. Since the seminal BHAT trial in 1982
demonstrated that beta-blockers may lower all-cause mortality and
CHD-related mortality in patients with myocardial infarction (MI), they
have steadily gained more and more attention [29]. Taken in the real
world, beta-blockers still don't have a lot of hope. The current investi-
gation showed that only half of patients with CHD were prescribed beta
blockers, and that even in patients with other medical conditions, beta
blocker usage was inadequate. Comparatively higher than the Prospec-
tive Urban Rural Epidemiology (PURE) study (20.4% for blockers) [30],
but lower than a study in British [31], which indicated that the treatment
use rate was 63% for blockers. Our results are consistent with the study of
DeWilde S et al (50% for blockers), previous NHANES (55% for blockers)
[32] and one electronic health record study (48.63% for blockers The
differences in demographic characteristics, sample size, and geographical
location across these studies may help explain the discrepancies in their
use.

Patients with CHD who take ACEIs/ARBs had their risk of death and
future major cardiovascular events reduced, according to meta-analyses
and large-scale randomized controlled clinical studies [33,34,35].
Therefore, the guidelines clearly recommend that patients with CHD
complicated by DM or hypertension should use ACEIs/ARBs indefinitely,
and it is recommended that all CHD patients without contraindications
should use ACEIs [36]. Unfortunately, taking ACEIs/ARBs rate even
(81.47)**

Middle 628 (86.86) 512 (70.82) 298 (41.22) 77 (10.65)

High 303 (87.57) 232 (67.05) 137 (39.60) 41 (11.85)

Education Status

< high school 1155
(75.00)**

797 (51.75)** 419 (27.21)* 113 (7.34)

High school
diploma

841 (81.81) 611 (59.44) 311 (30.25) 82 (7.98)

AA or high 1353 (80.97) 986 (59.01) 525 (31.42) 130 (7.78)

Current Health Insurance Status

Uninsured 122 (52.36)** 86 (36.91)** 50 (21.46)** 13 (5.58)*

Insured 2311 (85.72) 1796 (66.62) 1023 (37.95) 280 (10.39)

Data are presented as n (%).
One: taking one of beta blockers, angiotensin converting enzyme inhibitors/
angiotensin receptor blockers (ACEIs/ARBs), statins, or antiplatelets.
Two: taking two kinds of different drugs; Three: taking three kinds of different
drugs; Four: taking all above drugs.
*p < 0.05, **p < 0.01 between gender, age, socioeconomic, educational, or
current health insurance statuses.



Table 5. Odds ratios by multivariate logistic regression for not receiving rec-
ommended medications.

OR 95% CI P value

Age (yrs)

18–39 1 reference -

40–49 0.45 0.22–0.90 0.03

50–59 0.24 0.13–0.46 <0.0001

60–69 0.11 0.06–0.21 <0.0001

>70 0.06 0.03–0.12 <0.0001

Years

1999–2002 1 reference

2003–2006 0.31 0.09–1.09 0.09

2007–2010 0.61 0.1–3.6 0.58

2011–2014 0.82 0.57–1.16 0.23

2015–2018 1.07 0.77–1.50 0.68

Figure 2. Shows the percentage of US people with CHD who are taking the
recommended drugs, broken down by gender and age group. ARB, or angio-
tensin receptor blocker, stands for angiotensin converting enzyme inhibitor.
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lower than β-blockers, less than half usage. Our findings were similar to
NHANES 2007 to 2010 [37] and the European Action on Secondary and
Primary Prevention by Intervention to Reduce Events III (EUROASPIRE
III) survey and another electronic health record study [38], all indicated
roughly 70% of ACEI/ARBs. this is higher than the well-known PURE
study and the electronic follow-up study by Hu (32.92% for ACEIs) [39,
40].

Although the degree of lipid lowering varies among different types of
statins, the benefit of statins for secondary prevention of CHD is beyond
Table 4. Proportion of coronary heart disease (CHD) patients with co-morbidities
receiving recommended medical therapy.

Group β blockers ACEIs/ARBs Statins Antiplatelets All 4 drugs

Hypertension

Yes 1793
(55.60)

1809
(56.09)

1829
(56.71)

682 (21.15) 273 (8.47)

No 375
(36.37)**

245
(23.76)**

444
(43.06)**

160
(15.52)**

52 (5.04)**

Yes 439 (63.26) 439 (63.26) 441 (63.54) 177 (25.50) 81 (11.67)

No 237
(45.75)**

188
(36.29)**

266
(51.35)**

107 (20.66)* 40 (7.72)*

Stroke

Yes 379 (51.99) 372 (51.03) 384 (52.67) 211 (28.94) 72 (9.88)*

No 1789
(50.72)

1682
(47.69)

1889
(53.56)

631
(17.89)**

253 (7.17)

HF

Yes 704
(59.51)**

653
(55.20)**

665
(56.21)*

252 (21.30) 101 (8.54)

No 1464
(47.64)

1401
(45.59)

1608
(52.33)

590 (19.20) 224 (7.29)

DM

Yes 839
(58.67)**

890
(62.24)**

917
(64.13)**

367
(25.66)**

165
(11.54)**

No 1329
(47.03)

1164
(41.19)

1356
(47.98)

475 (16.81) 160 (5.66)

CKD

Yes 462
(66.86)**

396
(57.31)**

458
(66.28)**

189
(27.35)**

76 (11.00)

No 915 (52.50) 886 (50.83) 1022
(58.63)

387 (22.20) 169 (9.70)

Data are presented as % (n).
MS: metabolic syndrome; HF: Heart failure; DM: diabetes mellitus; CKD: chronic
kidney disease.
ACEIs/ARBs: angiotensin converting enzyme inhibitors/angiotensin receptor
blockers.
*p < 0.05, **p < 0.01 between groups with or without co-morbidities.
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doubt [41]. A lot of large-scale randomized controlled trials have
confirmed that statins could reduce major cardiovascular events
including CHD death, coronary revascularization, non-fatal myocardial
infarction (MI), PAD, acute coronary syndrome, stroke, angina, cardiac
arrest and heart failure by lowing LDL-C [41, 42]. Statins have not only
been shown to improve quality of life by reducing event rates, but have
also been shown to prolong life by reducing overall mortality in 4S [43],
LIPID [44], and HPS [45] clinical trials. The present study revealed that
the rate of statins usage was the highest among the four types of drugs,
but it was still less than 60%, accounting for only 53.41%. Our results
were similar to the above electronic health record (52.62% for statins)
Gender

Male 1 reference -

Female 1.32 0.99–1.77 0.06

Race

Non-Hispanic White 1 reference -

Hispanic 1.49 1.03–2.15 0.04

Non-Hispanic Black 1.67 1.14–2.43 0.008

Socioeconomic Status

Low 1 reference -

Middle 0.71 0.51–1.00 0.05

High 0.62 0.39–0.97 0.04

Education Status

<high school 1 reference -

High school diploma 0.61 0.41–0.91 0.02

AA or high 0.76 0.54–1.08 0.13

Current Health Insurance Status

Uninsured 1 reference -

Insured 0.45 0.29–0.70 0.0003

Hypertension

Yes 1 reference -

No 3.68 2.71–4.99 <0.0001

Heart failure

Yes 1 reference

No 1.62 1.13–2.31 0.008

Diabetes mellitus

Yes 1 reference -

No 2.59 1.85–3.64 <0.0001

Chronic kidney disease

Yes 1 reference

No 1.00 0.67–1.50 0.98

Not receiving recommended medications: not taking any of beta blockers, ACEIs/
ARBs, statins, or antiplatelets.
Socioeconomic status: low, <$35,000; middle, $35,000-$75,000; high,
>$75,000.
AA: associate degree; CI: confidence interval; OR: odds ratio.
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were all significantly below the guideline-recommended target [38], it
also less than PURE study or SWEDEHEART registry (the Swedish
Web-system for Enhancement and Development of Evidence-based care
in Heart disease Evaluated According to Recommended Therapy) and an
electronic followup study by King in United Kingdom [40, 46, 47]. The
low rate of statin used in this study may be related to some doctors'
over-concern about statins-induced elevation of liver enzymes or myol-
ysis or other adverse reactions, and may lack of efficient electronic
follow-up system. For example, the usage rate of statins, β -blockers,
ACEIs could be increased from 52.62%, 48.63%, 32.92%–93.10%,
61.33%, 61.82%, respectively, following careful electronic monitoring
and following by designated nursing personnel [38].

Antiplatelet therapy is the cornerstone for preventing cardiac and
systemic ischemic events in patients with CHD. Patients with ACS should
take dual antiplatelet treatment (DAPT) for at least 1 year with or
without PCI, and patients with CCS having PCI should get DAPT for �1
month, as recommended by many recommendations [48,49,50]. In
addition, at least one antiplatelet drug is advised for long-term secondary
prevention of CHD according to the recommendations of the American
Heart Association (AHA)/American College of Cardiology Foundation
(ACCF) [21]. Unfortunately, only 842 (19.78%) subjects received anti-
platelet therapy, significantly lower than SWEDEHEART study (66.4%
for DAPT). One of the very common reasons for this low taking rate is
that both patients and doctors are concerned about the risk of bleeding.

The combination therapy was also not ideal in the present study. A
study have shown that compared with without drug treatment, taking
antiplatelet drugs, β blockers, ACEIs/ARBs and statins could reduce the
five-year cardiovascular event rate by 25%, 25%, 25% and 30% in CHD
patients, and the combined use could reduce the relative risk of cardio-
vascular events by 70%–75% [51]. However, taking all four drugs was
only 7.64%, and not received any recommended drugs was reached up to
21.12%. Logistic regression analysis identified risk variables related with
drug non-adherence. It showed that people were less likely to take their
prescribed prescriptions if they were between the ages of 18 and 39;
Hispanic or non-Hispanic; poor; uninsured; or suffering from hyperten-
sion, heart failure, or diabetes mellitus. Other possible causes include
patients' and physicians' lack of knowledge of the necessity for lifelong
treatment with such effective medicine after an acute vascular event, as
well as the absence of a structured project for healthy ageing preventa-
tive care [52,53]. Further, the unaffordability of even universal phar-
maceuticals, the hassle and expense involved with seeing a primary care
doctor, and the presence of co-morbidities are all factors that detract
from the benefits of even excellent medications. Because of these reasons,
individuals may continue to report feeling well years after an acute
occurrence, leading to a decrease in the use of the indicated medications
[54,55,56].

The NHANES data provide a large, nationally representative, multi-
stage probability sample of the civilian and noninstitutionalized popu-
lation in the United States, which is a primary strength of our research.
Because of this, assessments of older persons and non-Hispanic blacks in
secondary prevention of CHD may be conducted, two groups under-
represented in previous research. Examination, measurement, home
interview, data records, and the inclusion of respondents with varying
levels of education, socioeconomic status, and other personal informa-
tion were all standardised for the NHANES. For instance, in the sec-
ondary preventive drugs application process, data was gathered by
qualified interviewers using a standard in-person, home interview tech-
nique, with claimed prescriptions checked against actual pill containers.
It may be useful for reducing the potential for bias in participants' self-
reported medication usage. In addition, we evaluated the proportion of
CHD cases with additional co-morbidities who met secondary prevention
of CHD targets; this was not often reported in prior research.

However, the current research has a number of caveats. To begin, the
NHANES data were cross-sectional, so they couldn't accurately portray
individual-level changes over time. Second, to reduce the impact of
memory bias, participants were asked to recollect any pharmacologic
6

therapy they had had in the previous month. Accordingly, those CHD
patients who took a secondary preventive medicine during the recall
period of one month are considered to be nonusers. Therefore, we esti-
mate the prevalence may in some way be affected by certain select this
study recall period. Finally, although we did look at how demographics
(such as gender and ethnicity) and co-morbidities (such as lack of health
insurance) would influence whether or not a person with CHD received
prescribed medical therapy, many additional characteristics were either
unavailable or beyond the scope of our research.

5. Conclusions

According to our findings, there is a significant need for more edu-
cation and awareness campaigns on the use of secondary preventive
medicines for CHD among adults in the US. The low proportion of sec-
ondary drugs application may contribute to increased morbidity in CHD
and failure to achieve ‘Healthy Aging’. The main goals for secondary CHD
prevention are to prevent or delay progression of disease that results in
clinical events such as myocardial infarction, stroke, or CKD. Therefore,
in order to close the gap in secondary prevention medication taking
among US CHD patients, a systematic approach for prevention of CHD is
urgently needed.
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