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Introduction: Medically underserved (US) populations have an increased level of atherosclerotic cardiovascular disease (ASCVD) risk, however, few studies investigated 

ASCVD risk reduction in US. 

Methods: Of 217 subjects with ApoB ≥ 120 mg/dL and carotid atherosclerosis ( ≥ 15% stenosis by ultrasound) enrolled in the Carotid Plaque Composition by MRI 

(CPC) study between 2005 and 2011, US (n = 33) was defined as those without adequate healthcare insurance, while AS (n = 184) included those with adequate 

healthcare coverage. All subjects received atorvastatin-based lipid therapies and lifestyle intervention for 2 years. Metabolic and inflammatory risk factors were 

compared between AS and US. 

Results: At baseline, compared to AS, US displayed higher levels of metabolic and inflammatory risk including systolic blood pressure (140 ± 27 vs. 131 ± 18 mmHg, 

p = 0.04), fasting glucose (125 ± 59 vs. 102 ± 22 mg/dL, p = 0.03) and fasting insulin (39 ± 33 vs. 28 ± 20 μU/dL, p = 0.03) which resulted in higher insulin resistance 

(HOMA-IR 2.2 ± 0.4 vs. 1.3 ± 0.1, p = 0.03), and hsCRP (5.6 ± 1.5 vs. 2.8 ± 0.2 mg/L, p = 0.03). Over 2 years of intervention, US and AS showed similar reductions in 

LDL-C (-10.7% vs. -16% per year, p = 0.2), triglycerides (-16.7% vs. -15.9% per year, p = 0.4), and hsCRP (-0.11% vs. -0.04% per year, p = 0.1). However, US continued 

to show significantly higher levels of fasting blood glucose (115 ± 6.0 vs. 101 ± 2.0 mg/dL, p = 0.03) and HOMA-IR (1.9 ± 0.2 vs. 1.5 ± 0.1, p = 0.047), and hsCRP (3.9 ± 0.7 

vs. 1.9 ± 0.2 mg/L, p < 0.001) than AS following 2 years of interventions. 

Conclusions: US displayed higher ASCVD risk than AS at baseline and over 2 years despite similar reductions following the intervention. These findings highlight the 

unmet needs for improved intervention strategies and implementation methods for ASCVD risk reduction in US. 

Clinical Trial Registration: NCT00715273 at ClinicalTrials.gov 
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. Introduction 

Atherosclerotic cardiovascular disease (ASCVD) is remains the lead-

ng cause of death in the United States, despite decreases in ASCVD rates

ver the past 10 years. [1] It is suggested that ASCVD has shifted from a

isease of the privileged to one of the disadvantaged. [2] An estimated

.3 million individuals living with ASCVD in the US are uninsured. [3]

n addition to well-established impact of lifestyle factors on ASCVD risk,

ocioeconomic status and adequate healthcare coverage independently

nfluence ASCVD risk. [4] ASCVD poses a significant health burden as

n estimated 45% of individuals with ASCVD report financial hardship

ue to medical care costs, with the uninsured and low income display-

ng the highest burden. [5] Furthermore, medically underserved popu-

ations are less likely to access treatment and prevention services, [6]

ecause ASCVD risk factors usually show no physical symptoms and

re largely undetectable without regularly administered diagnostic

ests. 

Despite the recognition of impact of the socioeconomic status on el-

vated ASCVD related morbidity, mortality and financial distress, few

tudies examine the implementation of ASCVD risk reduction and man-

gement strategies in medically underserved populations. In our study,
021 
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e compared ASCVD-related risk reduction responses to two years of

ipid and lifestyle therapies in medically underserved (US) populations

ompared to adequately served (AS) populations. Through this post-hoc

nalysis, we seek to inform future intervention methods aimed at reduc-

ng ASCVD risk equitably in individuals with varying healthcare cover-

ge. 

. Methods 

.1. Study Population 

To determine ASCVD-related metabolic and inflammatory risk and

esponses to lipid-lowering therapies in the US individuals comparing

o their AS cohort, we analyzed data from the Carotid Plaque Compo-

ition by MRI (CPC) study, [7] a longitudinal study that monitored the

hange in carotid plaque morphology and composition during lipid ther-

py treatment. Study participants were recruited from both urban and

ural regions at three locations: University of Washington in Seattle,

A, the Yakima Heart Center in Yakima, WA, and University of South-

rn California in Los Angeles, CA. The definition of rural and urban areas

as based on 2010 RUCA codes. [8] 

A total of 217 subjects with a mean age of 56 years and 60% of male

ere enrolled in CPC. Among these 217 study participants enrolled be-

ween 2005 and 2011, 184 were classified as AS, while 33 classified as

S based on self-reported healthcare coverage. US individuals include

hose who reported having inadequate or a lack of healthcare insurance.

S individuals include those who reported having healthcare insurance

ith adequate and sufficient coverage. Specific study inclusion criteria

ncluded: 1) age < 67 years for males and < 70 years old for females; 2)

amily history of cardiovascular disease; 3) medically stable; 4) no con-

raindications to MRI; 5) angiographically confirmed coronary artery

isease (defined as having ≥ 1 50% stenosis or ≥ 3 30% coronary lesions)

r carotid disease (defined as having a ≥ 15% stenosis by ultrasound); 6)

polipoprotein (Apo) B ≥ 120 mg/dL; 7) not receiving lipid therapy > 1

ear prior to enrollment. All subjects received atorvastatin-based lipid

herapy for 2 years and were randomized to 1 of 3 treatment groups:

1) single therapy - atorvastatin (10-80 mg per day) alone, placebos for

xtended release (ER) niacin and colesevelam or ezetimib; (2) double

herapy – atorvastatin plus ER-niacin (2 g/day), and placebo for cole-

evelam or ezetimib; (3) triple therapy – atorvastatin, ER-niacin plus

olesevelam (3.8 g/day) or ezetimibe (10 mg/day). The treatment target

or LDL-C was ≤ 80 mg/dl for the single and double therapy groups and

 60 mg/dl for the triple therapy group. The mean dose of atorvastatin

eceived was 53 mg and 48 mg daily in the US and AS groups during

he study. Additionally, subjects received dietary and lifestyle consul-

ation using American Heart Association recommendations throughout

he study period. 

All study protocol and procedures received approvals of local Insti-

utional Review Boards. 

.2. Clinical and Laboratory Measures 

All subjects were followed every month for the initial 6 months of the

tudy, and then every two months for the duration of the 2-year study

eriod. Clinical data collected at all study visits included blood pressure,

eart rate, weight, height, waist circumference, and BMI. Laboratory

ests at baseline and during the study included: plasma lipids in mg/dL

total cholesterol, VLDL-C, IDL-C, LDL-C, HDL-C, triglycerides, ApoB,

poA1, ApoE [mg/dL], and Lp(a) in nmol/L); fasting glucose levels in

g/dL, insulin in μU/dL and calculated HOMA-IR levels using a formula

HOMA-IR = fasting insulin μU/mL ∗ fasting glucose (nmol/L) / 22.5);

GFR (mL/min/1.73m 

2 ] was calculated based on creatinine level, age,

ender and ethnicity; and white blood cell count (WBC) in k/μL and

sCRP in mg/L. 
.3. Definition of Metabolic and Inflammatory Risk 

Metabolic risk was defined as hyperglycemia with fasting glucose

evels > or = 100 mg/dL, dyslipidemia if high apoB required by the study

lus HDL-C < 40 mg/dL for men and < 50 mg/dL for women, and in-

reased insulin resistance if HOMA-IR > 2.9. WBC and hsCRP were used

o identify inflammatory risk. In addition, we used 5 common modifi-

ble risk factors (BMI > or = 25 Kg/m 

2 , current smoker, type-2 diabetes

ellitus, high blood pressure with SBP > 140 mmHg or DBP > 90 mmHg,

nd LDL-C > 100 mg/dL) to reflect overall ASCVD risk level and room for

eduction. We also collected data on treatment status for hypertension,

yperlipidemia and type-2 diabetes. 

.4. Statistical Analysis 

Descriptive statistics are presented as mean ± standard error. Nor-

ality of outcomes was assessed by Q-Q plots for the mixed models.

emographic, clinical and laboratory variables were compared between

S and AS using two sample t-test with a log scale transformation for

nequal variances and Chi-square analysis. 

Linear mixed models with random intercept and time slope were

sed to compare rate of changes in LDL-C, triglycerides, and C-reactive

rotein (hsCRP). The underserved indicator, time and their interaction

ere used in fixed effects modeling. Logistic mixed model with ran-

om intercept and time slope was used to compare rates of changes

n the probability of 2 + risk factors. The underserved indicator, time

nd their interaction were used in fixed effects in modeling. Normal

uantile-quantile plots of the random effects and residuals for the mixed

odel revealed substantial departures from normality for triglycerides

nd hsCRP outcomes. Therefore, the two outcomes were also analyzed

n the log scale which led to less substantial departures from normality

and, thus, more valid confidence intervals and p-values). The model for

DL-C with a random effect for time had a singular fit with a 1.00 cor-

elation between the intercept and the time slope random effects. The

andom effect for the time was therefore dropped. The model for 2 + risk

actors with a random effect for time failed to converge. Therefore, the

andom effect for the time was dropped. [9] 

All analyses were performed in 2019 using R. All p-values < 0.05

ere considered statistically significant. 

. Results 

.1. Baseline Characteristics 

As described in Table 1 , compared to AS, in the US group a sig-

ificantly greater percentage of subjects were female (61% vs. 37%,

 = 0.01) and of Hispanic origin (36% vs. 8%, p < 0.001). US displayed

 significantly higher prevalence of diabetes (29% vs. 11%, p = 0.004)

nd of > = 3 modifiable risk factors (39% vs. 19%, p = 0.009). Overall,

8% of subjects with diagnosis of hypertension, but, didn’t receive any

reatment. Untreated hyperlipidemia was seen in 73% and untreated di-

betes was 16%. The treatment status for these 3 modifiable risk factors

id not differ significantly between the US and AS groups. No statisti-

al differences were observed in self-reported history of vascular disease

ncluding myocardial infarction, clinical diagnosed CAD, stroke or TIA.

At baseline, systolic blood pressure was on average 9 mmHg higher

n the US compared to the AS group (140 ± 27 vs. 131 ± 18 mmgHg,

 = 0.04), with no differences in diastolic blood pressure between groups.

lasma lipids were not different between groups ( Table 1 ). However,

he US group showed significantly higher levels of fasting glucose

125 ± 59 vs. 102 ± 22 mg/dL, p = 0.03) and fasting insulin (39 ± 33 vs.

8 ± 20 μU/dL, p = 0.03), which resulted in a significantly higher HOMA-

R (2.2 ± 0.42 vs. 1.3 ± 0.09, p = 0.03) ( Fig. 1 A) than the AS group. In ad-

ition, US had a significantly higher level of hsCRP (5.6 ± 1.5 vs. 2.8 ± 0.2

g/L, p = 0.03) ( Fig. 1 B) and non-statistically significant higher count of
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Table 1 

Comparison in clinical, metabolic and inflammatory characteristics between US and 

AS groups at baseline. 

Total US AS p-value 

Number of subjects n = 217 n = 33 n = 184 

Age (years) 56.3 ± 0.54 56.3 ± 0.61 56.7 ± 1.07 0.359 

Male gender, n (%) 128 (59%) 13 (39%) 115 (63%) 0.013 

Hispanic/Latino, n (%) 27 (12%) 12 (36%) 15 (8%) < 0.001 

Current Smoking, n (%) 42 (19%) 9 (27%) 33 (18%) 0.211 

BMI, kg/m 

2 29.8 ± 5.9 30.6 ± 4.6 29.7 ± 6.0 0.139 

History of MI, n (%) 82 (38%) 15 (44%) 67 (36%) 0.324 

Established CAD, n (%) 104 (48%) 89 (48%) 15 (45%) 0.758 

History of stroke or TIA, n (%) 13 (6%) 3 (9%) 10 (5%) 0.415 

Hypertension, n (%) 129 (59%) 21 (62%) 108 (59%) 0.595 

Untreated hypertension, n (%) 36 (28%) 6 (29%) 30 (28%) 0.941 

Hyperlipidemia, n (%) 188 (87%) 27 (82%) 161 (87%) 0.377 

Untreated hyperlipidemia, n (%) 138 (73%) 16 (59.3%) 122 (75.8%) 0.072 

Diabetes, n (%) 31 (14%) 10 (29%) 21 (11%) 0.004 

Untreated diabetes, n (%) 5 (16%) 1 (10%) 4 (19%) 0.522 

With ≥ 3 modifiable risk factors 48 (22%) 13 (39%) 35 (19%) 0.009 

Systolic blood pressure, mmHg 133 ± 1.4 140 ± 4.7 131 ± 1.4 0.041 

Diastolic blood pressure, mmHg 80 ± 1.0 82 ± 2.7 80 ± 1.0 0.301 

Total cholesterol, mg/dL 219 ± 3.5 216 ± 10 220 ± 3.7 0.380 

VLDL-C, mg/dL 31 ± 2.1 41 ± 8.0 29 ± 2.0 0.092 

IDL-C, mg/dL 19 ± 0.9 22 ± 3.3 18 ± 0.8 0.130 

LDL-C, mg/dL 145 ± 3.1 134 ± 7.1 147 ± 3.4 0.059 

HDL-C, mg/dL 43 ± 0.8 42 ± 2.7 43 ± 0.9 0.332 

Triglycerides, mg/dL 190 ± 9.2 216 ± 21.0 185 ± 10.2 0.094 

ApoB, mg/dL 120 ± 2.1 118 ± 5.3 121 ± 2.2 0.302 

ApoA1, mg/dL 135 ± 1.6 134 ± 5.2 135 ± 1.7 0.411 

ApoE, mg/dL 4.8 ± 0.2 5.5 ± 0.8 4.7 ± 0.1 0.183 

Lp(a), nmol/L 71 ± 5.9 67 ± 15 72 ± 6.5 0.396 

Fasting glucose, mg/dL 106 ± 2.2 125 ± 10.9 102 ± 1.6 0.025 

Insulin level, μU/dL 30 ± 1.5 39 ± 5.7 28 ± 1.5 0.034 

HOMA-IR 1.5 ± 0.1 2.2 ± 0.4 1.3 ± 0.1 0.031 

eGFR b , mL/min/1.73m 

2 86 ± 1.6 86 ± 1.8 85 ± 2.8 0.396 

HsCRP, mg/L 3.2 ± 0.3 5.6 ± 1.5 2.8 ± 0.2 0.032 

WBC, k/μL 6.6 ± 0.1 6.9 ± 0.3 6.5 ± 0.2 0.075 

AdS, adequately served; ApoA1, apolipoprotein A-1; ApoB, apolipoprotein B; ApoE, 

apolipoprotein E; CAD, coronary artery disease; eGFR, estimated glomerular filtration 

rate; HDL-C, high density lipoprotein cholesterol; HOMA-IR, homeostatic model assess- 

ment of insulin resistance; HsCRP, high sensitivity C-reactive protein; IDL-C, interme- 

diate density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Lp(a), 

lipoprotein(a); MI, myocardial infarction; TIA, transient ischemic attack; UnS, under- 

served; VLDL-C, very low density lipoprotein cholesterol; WBC, white blood count. 

Fig. 1. A: Comparison of HOMA-IR between US and AS groups at baseline and 2 years of intensive lipid-lowering therapy. US showed significantly higher HOMA-IR 

than AS at baseline in mean ± SE (2.2 ± 0.42 vs. 1.3 ± 0.09, p = 0.03) and at 2 years of study therapy (1.9 ± 0.23 vs. 1.5 ± 0.12, p = 0.047). ∗ ∗ : p < 0.05. B: Comparison of 

hsCRP levels between US and AS groups at baseline and 2 years of intensive lipid-lowering therapy. US displayed significantly higher levels of hsCRP than AS at both 

baseline in mean ± SE (5.6 ± 1.5 vs. 2.8 ± 0.2 mg/L, p = 0.03) and 2 years of lipid-lowering therapy (3.9 ± 0.7 vs. 1.9 ± 0.2 mg/L, p < 0.001). ∗ ∗ : p < 0.05. 
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Table 2 

Comparison in metabolic risk factors between US and AS groups following two-years 

of lipid-lowering therapy. 

Total US AS p-value 

Completion, n (%) 175 (81%) 25 (76%) 150 (82%) 0.4 

Treated with double therapy, n (%) 59 (34%) 6 (24%) 53 (35%) 0.267 

Treated with triple therapy, n (%) 58 (33%) 7 (28%) 51 (34%) 0.555 

BMI, Kg/m 

2 29.9 ± 0.4 30.8 ± 1.2 29.8 ± 0.4 0.226 

Systolic Blood pressure, mmHg 126 ± 1.32 129 ± 4.60 126 ± 1.38 0.229 

Diastolic Blood pressure, mmHg 78 ± 0.8 80 ± 2.9 78 ± 0.8 0.321 

Total cholesterol, mg/dL 154 ± 3.8 155 ± 4.2 155 ± 7.3 0.456 

Triglycerides, mg/dL 127 ± 10.4 145 ± 14.3 125 ± 11.6 0.292 

LDL-C, mg/dL 86 ± 1.9 89 ± 6.9 85 ± 1.9 0.292 

HDL-C, mg/dL 51 ± 1.3 47 ± 3.5 52 ± 1.5 0.097 

VLDL-C, mg/dL 19 ± 3.3 21 ± 2.7 19 ± 3.7 0.315 

IDL-C, mg/dL 9 ± 0.5 11 ± 1.9 9 ± 0.5 0.084 

ApoB, mg/dL 75 ± 1.6 79 ± 5.0 75 ± 1.7 0.190 

Lp(a), nmol/L 57 ± 7.0 39 ± 15.9 59 ± 7.7 0.110 

Fasting glucose, mg/dL 103 ± 1.9 115 ± 6.0 101 ± 2.0 0.025 

Insulin, μU/dL 32 ± 1.6 37 ± 3.8 31 ± 1.7 0.102 

HOMA-IR 1.5 ± 0.1 1.9 ± 0.2 1.5 ± 0.1 0.047 

eGFR, mL/min/1.73m 

2 85 ± 1.3 85 ± 1.4 82 ± 3.9 0.252 

HsCRP, mg/L 2.1 ± 0.2 3.9 ± 0.7 1.9 ± 0.2 < 0.001 

WBC, k/μL 6.5 ± 0.2 6.8 ± 0.4 6.4 ± 0.2 0.168 

Table 3 

Annualized rates of change in lipids and hsCRP between the US and AS patients. 

US(rate per year; 95% CI) AS(rate per year; 95% CI) Difference, US-AS (Est. 95% CI) p-value 

LDL-C, mg/dL -16.0 (-18.9, -13.1) -10.7 (-18.2, -3.2) 5.3 (-2.8, 13.3) 0.201 

Triglycerides, mg/dL -15.9 (-23.5, -8.2) -16.7 (-36.3, 2.8) -0.9 (-20.6, 23.4) 0.935 

HsCRP, mg/L -0.042 (-0.073, -0.011) -0.114 (-0.192, -0.034) -0.071 (-0.156, 0.014) 0.099 

> = 2 risk factors (Yes vs. No) HR = 0.31 (0.21-0.43) HR = 0.57 (0.23-1.40) HR = 0.57 (0.23-1.40) 0.199 

Note: Linear mixed and logistic mixed model. 9 
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BC (6.9 ± 0.3 vs. 6.5 ± 0.2 k/μL, p = 0.07). The 2 groups showed a similar

GFR ( Table 1 ). 

.2. Metabolic and Inflammatory Risk Following Lipid-lowering Therapy 

After 2 years of lipid therapy, plasma lipids were effectively de-

reased among all study participants and were not different between

he US and AS groups ( Table 2 ). However, US continued to display sig-

ificantly higher levels of fasting blood glucose (115 ± 6.0 vs. 101 ± 2.0

g/dL, p = 0.03) and HOMA-IR (1.9 ± 0.23 vs. 1.5 ± 0.12, p = 0.047)

 Fig. 1 A) than AS. Also, hsCRP levels continued to be statistically higher

n US (3.9 ± 0.7 vs. 1.9 ± 0.2 mg/L, p < 0.001) ( Fig. 1 B). Furthermore, the

S group displayed a non-significant lower study completion rate com-

ared to AS over 2 years (76% vs. 82%, p = 0.4) and lower percentages of

ubjects stayed on double or triple combination lipid therapies ( Table 2 ).

Table 3 demonstrates the annualized rates of changes in LDL-C,

riglycerides, hsCRP and the number of subjects with > = 2 modifi-

ble risk factors. On average per year, the US group displayed a 5.3%

reater decrease in LDL-C (p = 0.2), 0.9% greater increase in triglycerides

p = 0.4), and 0.07% greater increase in hsCRP (p = 0.1) compared to the

S group. Given the study provided intensive lipid therapy on dyslipi-

emia, 2 or more modifiable risk factors, instead of 3 or more, was used

o compare risk following the intervention between the 2 groups; this

howed a non-statistically significant difference in change of this ASCVD

isk status between US and AS ( Table 3 ). 

Detailed data on response of metabolic and inflammatory risk fac-

ors to 2 years of lipid-lowering by medically served status and therapy

roups are presented in supplemental Table. 

In addition, the US group showed a trend of progression over 2 years

n maximum carotid wall thickness (4.4% vs. -1.3%, p = 0.2) and percent

all volume (0.08% vs. -0.5%, p = 0.057) compared to regression in the

S group. 
. Discussion 

To address ASCVD risk reduction responses in populations with inad-

quate access to medical care, we compared changes in ASCVD-related

etabolic and inflammatory risk between US and AS individuals in

esponse to two-years of lipid lowering pharmacological therapy and

ifestyle intervention in the CPC study. We found: (1) US individuals

isplayed higher levels of metabolic and inflammatory risk including

ystolic blood pressure, fasting glucose and fasting insulin which re-

ulted in higher insulin resistance, and hsCRP at baseline compared to

S ( Table 1 ). (2) US group had similar reductions in LDL-C, triglycerides

nd hsCRP over 2 years of intensive lipid-lowering therapy and lifestyle

ntervention compared to AS ( Fig. 1 and Table 3 ). (3) Despite similar re-

ponses to the study therapies, US continued to show significantly higher

evels of fasting blood glucose, insulin resistance and hsCRP than AS fol-

owing the two-year intervention ( Fig. 1 and Table 2 ). 

Undoubtably, access to adequate healthcare improves reduces car-

iovascular disease risk and improves outcomes [6] . Upon Medicaid ex-

ansion provided by the Affordable Care Act (ACA), cardiovascular-

elated mortality in non-elderly patients decreased 2 years after imple-

entation by 4.3 deaths per 100,000 compared to incidences 3 years

rior to implementation in expansion states [10] . Reduced access to

are, reduced health literacy, and decreased compliance to lifestyle-

ased interventions increase cardiovascular disease risk in medically

nderserved populations [11] . Findings from the Framingham Heart

tudy and the National Health and Nutrition Examination Surveys

NHANES) highlight the importance of health insurance coverage on

SCVD risk and risk reduction. Within NHANES survey participants,

ninsured adults displayed higher LDL and lower HDL cholesterol lev-

ls and were less likely to control hypercholesterolemia compared to

hose on public or private insurance [12] . Among adults ages 19 to 64

ears enrolled in the Framingham Heart Study, uninsured men also dis-
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layed higher levels of LDL cholesterol, despite no statistical differences

n 10-year Framingham risk score or metabolic syndrome. Following

reatment in this cohort, uninsured men and women were less likely to

chieve blood pressure control (odds ratio: 0.19 and 0.31, respectively)

nd men were less likely to achieve control of hyperlipidemia (odds

atio 0.17) [25] . Similar reports are observed in minority-specific popu-

ations, where Latino/Hispanic adults without health insurance display

levated fasting blood glucose and HbA1c levels compared to those with

ealth insurance [13] . These findings are of concern as disease burden is

lso elevated in uninsured groups. For example, the microvascular com-

lications of type 2 diabetes are higher in those without adequate health-

are coverage [14] . In addition, lack of healthcare coverage is highest

mong minority groups [15] . In our study, 8% of AS vs. 36% of US

ere classified as Hispanic/Latino origin, respectively. The difference

n ethnic distribution between AS and US groups in our study may have

ontributed to observed differences in baseline ASCVD risk [16,17] .[ ]

ispanics and African-Americans have been reported to show higher

evels of metabolic risk [18] . and display elevated hsCRP levels relative

o Whites after adjusting for socioeconomic factors [19] 

A likely contributing factor contributing to increased ASCVD risk

nd reduced ASCVD control in uninsured groups is access to care [12] .

 handful of studies in the United States have shown that interventions

argeting risk reduction are effective in medically underserved popula-

ions. The WISEWOMAN project investigated the effects of an ASCVD

isk reduction program in uninsured woman and observed a combined

hysical activity and nutritional intervention reduced the incidence of

eath during the monitoring period [20] . In another study examining

he effects of a pharmacist-led diabetes management program, medi-

ally underserved minorities displayed improvements in HbA1C, triglyc-

ride and BMI [21] . In a more recent study, nurse management, but

ot a telehealth intervention, reduced Framingham risk scores in medi-

ally underserved rural and urban populations [22] . Our study demon-

trated that US group has similar responses to intensive lipid-lowering

nd lifestyle interventions compared to their AS cohorts. Together these

ndings suggest interventions targeting ASCVD risk reduction are ef-

ective in medically underserved populations, but more comprehensive

nterventions including lifestyle intervention and medical therapies for

anagement of blood pressure, lipids and diabetes and effective imple-

entation strategies to achieve maximum reduction in ASCVD risk are

eeded. 

Moreover, our study also demonstrated that despite similar responses

o the study therapies, US continued to show significantly higher levels

f fasting blood glucose, insulin resistance and hsCRP than AS following

 years of lipid-lowering and lifestyle interventions. The higher base-

ine risk may require more aggressive treatment regimens to equitably

educe ACSVD risk. In a diabetes management study of medically under-

erved individuals, those with higher baseline glucose displayed more

ifficulty in determining insulin requirements to manage their blood

lucose levels [23] . It is therefore important to establish baseline physi-

logical, socioeconomic and behavioral risk factors to develop targeted

nterventions. Future studies are needed to examine the targeted inter-

entions and longer duration for the US populations. 

. Limitations 

The definitions of US and AS in our study were based on self-reported

ealthcare coverage which is subjective. Despite a sample size of 217

ubjects at baseline, the number in the US cohort is small in proportion

o AS. Nevertheless, the smaller US cohort displayed a significant differ-

nt risk profile and similar response to therapy compared to AS. In ad-

ition, the 7 AHA cardiovascular health factors, including smoking, nu-

rition, physical activity, body weight, blood pressure, cholesterol, and

lood sugar, were not collected completely [24] . Future large prospec-

ive interventional trials are needed for implementing established effec-

ive ASCVD risk reduction strategies in the US populations. 
. Conclusions 

The medically underserved individuals displayed an increased AS-

VD risk and demonstrated similar improvements in lipids and inflam-

atory risk as response to intensive lipid-lowering therapy. Despite

imilar improvements, the medically underserved group continued to

isplay elevated ASCVD risk with higher levels of fasting glucose and

sCRP following therapy compared to the adequately served. These find-

ngs highlight unmet needs, warranting more comprehensive ASCVD

isk reduction and targeted implementation strategies to successfully

educe ASCVD risk among the underserved populations. 
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