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Objective: Age is the strongest contributor to 10-year predicted atherosclerotic cardiovascular disease (ASCVD)
risk. Some older adults have a predicted ASCVD risk >7.5 %, without established risk factors. We sought to
compare ASCVD incidence among adults with predicted ASCVD risk >7.5 %, with and without established
ASCVD risk factors, to adults with predicted risk <7.5 %.

Methods: We analyzed data from REasons for Geographic and Racial Differences in Stroke study participants,
45-79 years old, without ASCVD or diabetes, not taking statins and with low-density lipoprotein cholesterol
70-189 mg/dL. Participants were categorized into 3 groups based on their 10-year predicted ASCVD risk and
presence of established risk factors: <7.5 %, >7.5 % with established risk factors and >7.5 % without established
risk factors. Established risk factors included smoking, systolic blood pressure >130 mmHg or antihypertensive
medication use, total cholesterol >200 mg/dL, or high-density lipoprotein cholesterol <50 mg/dL for women
(<40 mg/dL for men). Participants were followed for ASCVD events.

Results: Among 11,115 participants, 911 incident ASCVD events occurred over a median of 11.1 years. ASCVD
incidence rates were 3.6, 12.8, and 9.8 per 1,000 person-years for participants with predicted risk <7.5 %,

Abbreviations: Atherosclerotic cardiovascular disease, (ASCVD); Body mass index, (BMI); Coronary artery calcium, (CAC); High-density lipoprotein cholesterol,
(HDL-C); High-sensitivity C-reactive protein, (hs-CRP); Low-density lipoprotein cholesterol, (LDL-C); Myocardial infarction, (MI); Pooled Cohort Equations, (PCE);
REasons for Geographic And Racial Differences in Stroke, (REGARDS).
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predicted risk >7.5 % with established risk factors and predicted risk >7.5 % without established risk factors,
respectively. Compared to adults with predicted risk <7.5 %, hazard ratios for incident ASCVD in participants
with risk >7.5 % with and without established risk factors were 3.58 (95 %CI 3.03 — 4.21) and 2.72 (95 %CI

1.91-3.88), respectively.

Conclusions: Adults with a 10-year predicted ASCVD risk >7.5 % but without established risk factors had a high

ASCVD incidence.

1. Introduction

The estimation of atherosclerotic cardiovascular disease (ASCVD)
risk with the Pooled Cohort Equations (PCE) is a key step when making
decisions for primary prevention [1,2]. Initiation of statin therapy is
recommended for adults ages 40 to 75 years with diabetes, low-density
lipoprotein cholesterol (LDL-C) >190 mg/dL, or LDL-C 70 to 189 mg/dL
and a 10-year predicted ASCVD risk >7.5 % after considering the
presence of selected “risk enhancers” [2]. Age is the strongest contrib-
utor to 10-year predicted ASCVD risk [3]. As a result, some older adults
have a 10-year predicted ASCVD risk >7.5 %, even without established
risk factors (i.e.: hypertension, dyslipidemia, and diabetes) [4]. For
example, an adult without diabetes mellitus, who does not smoke, with a
total cholesterol of 150 mg/dL, high-density lipoprotein cholesterol
(HDL-C) of 50 mg/dL, and systolic and diastolic blood pressure of
110/60 mm Hg without the use of antihypertensive medication exceeds
a 10-year predicted ASCVD risk >7.5 % at 65 years for White men, 67
years for Black men, 71 years for White women and 72 years for Black
women. Some have raised concerns that older individuals who meet
thresholds for statin treatment primarily because of age when using the
PCE may derive limited benefit [5].

Several observational studies have demonstrated a low incidence of
ASCVD events among adults without established risk factors [6]. How-
ever, individuals with higher vs lower predicted ASCVD risk have a
larger absolute risk reduction with the initiation of lipid-lowering
medication, regardless of LDL-C levels [3,7,8]. Therefore, it is impor-
tant to estimate the ASCVD event rates for adults with ASCVD risk > 7.5
% without established risk factors. If adults with ASCVD risk > 7.5 %
without established risk factors do not experience high event rates, then
they may derive little benefit from initiating a statin. In contrast, if
adults with ASCVD risk > 7.5 % without established risk factors expe-
rience a high ASCVD event rate, then initiating a statin may be of
benefit.

Using data from the REasons for Geographic And Racial Differences
in Stroke (REGARDS) cohort study, we compared the incidence of
ASCVD events among adults with 10-year predicted ASCVD risk > 7.5 %
who had established risk factors, adults with ASCVD risk > 7.5 % who
did not have established risk factors, and adults with ASCVD risk <7.5
%, regardless of the presence of established risk factors. We further
investigated whether some ASCVD risk factors not included in the PCE,
referred hereafter as “risk modifiers”, were associated with incident
ASCVD events within each of these three risk groups [2].

2. Methods
2.1. Study population

The REGARDS study has been described previously [9]. A total of 30,
239 participants aged > 45 years were enrolled from all 48 contiguous
United States and the District of Columbia between January 2003 and
October 2007. By design, participants living in the “stroke buckle” and
“stroke belt” (North Carolina, South Carolina, Georgia, Alabama, Mis-
sissippi, Tennessee, Arkansas, and Louisiana) and Black adults were
oversampled. All participants completed a computer-assisted telephone
interview followed by an in-home examination at baseline. The
REGARDS study protocol was approved by the institutional review
boards at the participating centers. All participants provided written

informed consent.

For the present analysis, we included REGARDS study participants
ages 45 to 79 years, the upper age range of the ASCVD PCE, without a
history of ASCVD or diabetes mellitus who were not taking a statin and
had fasting LDL-C between 70 and 189 mg/dL (n = 12,623). Adults with
diabetes or LDL-C > 190 mg/dl were excluded as statins are recom-
mended in this group regardless of their 10-year predicted ASCVD risk.
Participants with atrial fibrillation (n = 705) or suspected heart failure
(n = 383) were excluded because individuals with these conditions were
not included in the population used to develop the PCE [1]. Participants
without follow-up (n = 177) or missing data on the PCE components (n
= 243) were also excluded. After these exclusions, 11,115 participants
were included in the current analysis (Fig. 1).

2.2. Baseline data collection

Self-reported information on age, sex, race, region of residence, ed-
ucation, annual household income, cigarette smoking, alcohol use,
physical activity, history of diabetes, atrial fibrillation, stroke, coronary
heart disease [CHD], and antihypertensive medication use was collected
by trained staff through a computer-assisted telephone interview. Par-
ticipants were asked to fast overnight prior to completing an in-home
examination. During the examination, weight, height, waist circumfer-
ence and blood pressure were measured, blood and spot urine samples
were collected, and an electrocardiogram (ECG) was performed. Addi-
tionally, the names of all prescription and over-the-counter medications
taken during the 2 weeks prior to the in-home visit were recorded based
on a pill bottle review. Weight and height were used to calculate body
mass index (BMI). Abdominal obesity was defined as a waist circum-
ference > 88 cm among women and > 102 cm among men. Total
cholesterol, high-density lipoprotein cholesterol (HDL-C), and tri-
glycerides were measured using blood samples by colorimetric reflec-
tance spectrophotometry. LDL-C was calculated using total cholesterol,
HDL-C, and triglycerides wusing the Sampson equation [10].
High-sensitivity C-reactive protein (hs-CRP) and cystatin C were
measured by particle-enhanced immunonephelometry. Albuminuria
was defined as an urine albumin to urine creatinine ratio > 30 mg/g.
Estimated glomerular filtration rate (eGFR) was calculated using the
Chronic Kidney Disease Epidemiology Collaboration equation [11].

A history of ASCVD at baseline was defined as self-report of a
physician diagnosis of myocardial infarction (MI) or stroke; a self-report
of prior coronary artery bypass, coronary angioplasty, or stenting; a
lower extremity revascularization procedure or an aortic aneurysm
repair surgery; or evidence of a previous MI on the study ECG. Diabetes
was defined by a fasting serum glucose level > 126 mg/dL, a random
serum glucose of > 200 mg/dL for the 1621 (14.6 %) participants who
did not fast for a minimum of 8 h, or self-report of a prior diagnosis by a
medical professional with current use of insulin or oral glucose-lowering
medications. Prediabetes was defined as fasting serum glucose between
100 and 125 mg/dL or a random serum glucose between 140 and 199
mg/dL among those without diabetes [12]. Atrial fibrillation was
defined by self-report or electrocardiogram evidence. Participants were
considered to have suspected heart failure if they were taking digoxin in
the absence of atrial fibrillation, angiotensin-converting enzyme inhib-
itor/angiotensin receptor blocker plus beta-blocker in the absence of
hypertension, carvedilol, spironolactone, loop diuretics, and/or a com-
bination of hydralazine and nitrates as previously reported [13]. Statin
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use was ascertained through medication inventory or by self-reported
use of lipid-lowering medications. Diet was assessed using a food fre-
quency questionnaire about the usual dietary intake of each participant
over the last year. Physical activity was assessed with a questionnaire to
determine the number of times per week vigorous physical activity was
performed. Diet and physical activity were categorized into ideal, in-
termediate, and poor levels based on the AHA Life’s Simple 7, as re-
ported previously [14].

2.3. Outcome

The outcome of interest was incident ASCVD. Following the in-home
visit, participants or their proxies were contacted twice a year via tele-
phone to identify potential incident ASCVD events. Incident ASCVD was
defined as the first event of a nonfatal or fatal stroke or CHD, including
nonfatal MI or CHD death event. For MI, medical records were examined
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for the presence of signs or symptoms suggestive of ischemia; a rising
and/or falling pattern in cardiac troponin level or creatine
phosphokinase-MB level over 6 or more hours with a peak level greater
than twice the upper limit of normal; and electrocardiogram changes
consistent with ischemia or MI, guided by the Minnesota code [15,16].
For stroke, medical records were retrieved for adjudication when stroke
symptoms with a subsequent hospitalization, stroke, or heart-related
hospitalization were reported. A committee of experts adjudicated
strokes according to the World Health Organization definition as
“rapidly developing clinical signs of focal, at times global, disturbance of
cerebral function, lasting more than 24 h or leading to death with no
apparent cause other than that of vascular origin” [17,18]. When deaths
were reported, interviews with proxies, medical records in the last year
of life, death certificates, and autopsy reports were used to determine
whether stroke or CHD was the main underlying cause. We used
follow-up data for CHD and stroke events through December 31, 2017.

All REGARDS population
n= 30,239
A 4
Age 45-79 years
n=28,044
R History of ASCVD events
i n = 5,840
A4
n=22,184
> History of diabetes
n=4,018
A 4
n=18,166
On statin therapy
> n = 3,884
n= 14,282
.| LDL-C <70 mg/dL and >190 mg/dL
- n=1,659
A4
n=12,623
o History of atrial fibrillation
i n=705
n=11918
R History of suspected heart failure
n =383
A 4
n=11,535
- Missing follow-up
g n=177
A
n=11,358
Missing component of PCE
> n =243
A
Final sample size
n=11,115

Fig. 1. Exclusion cascade for analysis of 10-year predicted ASCVD risk with and without established risk factors and association with incident ASCVD events.
ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; PCE, pooled cohort equations.
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2.4. ASCVD risk groups

Each participant’s 10-year ASCVD risk was calculated using the sex-
and race-specific PCE. Participants were categorized based on their
ASCVD risk: <7.5 %, > 7.5 % with established risk factors, and > 7.5 %
without established risk factors. Participants in the risk > 7.5 % without
established risk factors were non-smokers with systolic blood pressure
(SBP) <130 mm Hg and not taking antihypertensive medication, and
had total cholesterol <200 mg/dL, and HDL-C > 50 mg/dL for women or
> 40 mg/dL for men. An SBP cutoff of 130 mm Hg was used as this is the
level at which antihypertensive medication is recommended in the 2017
ACC/AHA guidelines on the management of blood pressure [19].

2.5. Statistical analysis

Baseline characteristics and the incidence rate per 1000 person years
along with 95 % confidence intervals (CI) for composite ASCVD events
were calculated for participants in each of the three ASCVD risk groups.
Crude hazard ratios (HR) and 95 % CI for the association between the
risk > 7.5 % with and without established risk factors groups and inci-
dent ASCVD events were estimated using Cox proportional hazard
models. The ASCVD risk <7.5 % group served as the reference. The
proportional hazards assumption was confirmed using the Schoenfeld
residual method. The analysis was conducted for the overall population
and stratified by sex. A secondary analysis was performed comparing the
risk < 7.5 % and risk > 7.5 % without established risk factors groups
using participants in the risk > 7.5 % with established risk factors group
as the reference. As adults with and without established risk factors
groups may have a different distribution of estimated ASCVD risk, we
further stratified participants into smaller estimated risk categories (10-
year predicted ASCVD risk groups <5 %, 5 % to <7.5 %, 7.5 % to <10 %,
10 % to <15 %, 15 % to <20 %, and > 20 %). Incidence rates and HRs,
with 10-year predicted ASCVD risk 5 to <7.5 % serving as the reference,
were then calculated within each subgroup. Hazard ratios were not
adjusted for traditional risk factors given that these variables were
already incorporated into the PCE. Additionally, results were not
adjusted for socioeconomic demographics (i.e. income, education, in-
surance status) due inability to standardize these measures into clinical
care. In a sensitivity analysis, we used an SBP <120 mm Hg without the
use of antihypertensive medication, which is considered a normal BP, as
the BP criterion in defining risk > 7.5 % without established risk factors
group and the incidence rates and HRs were recalculated [19].

2.6. Risk modifiers

Levels of ASCVD risk modifiers not included in the PCE but that could
influence ASCVD risk were measured, including diet, physical activity,
alcohol use, BMI, eGFR, cystatin C, LDL-C, hs-CRP, triglycerides, albu-
minuria, and pre-diabetes. The levels were estimated for participants
within the three 10-year predicted ASCVD risk groups. Elevated LDL-C,
hs-CRP, and triglycerides were also assessed in our study as risk modi-
fiers as they are highlighted in the most recent guidelines [2]. Using
t-tests or chi-square tests we compared the levels of each risk factor
between those who did and did not experience an ASCVD event during
follow-up. Two-sided P values of < 0.05 were considered statistically
significant. Analyses were conducted using SAS 9.4 (Cary, NC).

3. Results
3.1. Study population and baseline characteristics

The risk <7.5 %, risk > 7.5 % with established risk factors, and risk
> 7.5 % without established risk factors groups included 5116 (46.0 %),
5637 (50.7 %), and 362 (3.3 %) participants with a mean age of 56.3
(standard deviation [SD] 5.9), 66.3 (SD 7.1), and 69.9 (SD 5.1) years
respectively (Table 1). Compared to participants with risk > 7.5 % with
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Table 1
Baseline characteristics* of participants by ASCVD risk group.

Participant Risk <7.5 Risk > 7.5 % with Risk > 7.5 %
characteristics % (n = established risk without established
5116) factors (n = 5637) risk factors (n =
362)
Age, years 56.2 (5.9) 66.3 (7.1) 69.9 (5.1)
Men, % 21.9 57.2 76.2
Black, % 32.4 41.9 22.9
Geographic region, %
Stroke belt 34.7 35.7 27.9
Stroke buckle 23.1 17.8 17.7
Other US regions 42.2 46.5 54.4
Less than high school 4.5 11.5 5.3
education, %
Annual household 18.4 29.4 15.7
income <$25,000,
%
Body mass index (kg/
m?), %
Normal (<25) 32.4 25.6 46.7
Overweight (25 to 35.2 40.7 40.0
<30)
Obese (> 30) 32.4 33.7 14.4
Abdominal obesity 39.3 43.1 20.7
present, %
Current smoker, % 9.4 21.3 0.0
Alcohol drinker, %
None 55.8 52.8 59.5
Moderate 39.3 42.0 35.8
Heavy 4.8 5.2 4.7
Diet Score
Ideal/Intermediate 22.9 17.9 22.8
Poor 77.1 82.1 77.2
Physical activity
score, %
Ideal 30.2 33.0 41.9
Intermediate 41.9 36.9 32.2
Poor 27.9 30.1 25.8
Total cholesterol, 202 (31) 204 (32) 179 (15)
mg/dL
LDL-C, mg/dL 123.9 129.4 (26.9) 107.4 (15.1)
(27.0)
Triglycerides, mg/dL 112.4 135.4 (79.2) 92.6 (40.1)
(63.2)
HDL-C, mg/dL 58 (16) 51 (16) 55 (11)
Cystatin C, mg/L 0.9 (0.2) 1.0 (0.3) 0.9 (0.2)
LDL-C > 160 mg/dL, 11.2 14.6 0.0
%
hs-CRP > 2mg/L, %  48.0 54.3 39.5
Triglycerides > 150 19.1 30.1 7.5
mg/dL, %
eGFR < 60 mL/min/ 1.8 7.6 3.9
1.73m?%, %
Albuminuria, % 5.4 11.3 5.9
Prediabetes, % 15.8 23.0 16.6
Systolic blood 118 (13) 132 (16) 118 (8)
pressure, mm Hg
Diastolic blood 75 (9) 79 (10) 72 (8)
pressure, mm Hg
Antihypertensive 22.9 48.8 0.0
medication use, %
10-year predicted 3.6 14.1 [10.4-19.6] 12.0 [9.3-15.6]
ASCVD risk % [2.0-5.5]

ASCVD, atherosclerotic cardiovascular disease; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitivity
C-reactive protein; eGFR, estimated glomerular filtration rate; ASCVD, athero-
sclerotic cardiovascular disease.

* Results reported as mean (standard deviation) or median (inter-quartile
range) for 10-year predicted atherosclerotic cardiovascular disease risk as it was
not non-normally distributed.

established risk factors, participants with risk > 7.5 % without estab-
lished risk factors were more likely to be male, have a BMI < 25 kg/m?,
an ideal/intermediate diet, and have an ideal physical activity level.
Ideal or intermediate diet scores were observed in fewer than % of the
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participants, with the smallest proportion in the risk > 7.5 % with
established risk factors group (Table 1). The risk > 7.5 % without
established risk factors group had the highest proportion of adults with
ideal physical activity scores (Table 1). The risk > 7.5 % without
established risk factors had a lower percentage of black participants
(22.9 %) compared to the risk <7.5 % (32.4 %) and the risk > 7.5 % with
established risk factors (41.9 %). Participant characteristics when 10-
year predicted risk groups were further divided into smaller subgroups
are presented in Supplemental Table 1. Predicted 10-year ASCVD risk
overlapped between those in risk > 7.5 % with and without established
factors groups (Fig. 2).

3.2. Incident cardiovascular events

A total of 911 incident ASCVD events occurred over a median follow-
up of 11.1 years. The incidence rate per 1000 person-years among the
risk <7.5 % group was 3.6 (95 % CI 3.1 to 4.1), compared to 12.8 (95 %
CI 11.8 to 13.7) in the risk > 7.5 % with established risk factors group
and 9.8 (95 % CI 6.9 to 13.2) in the risk > 7.5 % without established risk
factors group (Central Illustration). Adults in the risk > 7.5 % with
established risk factors group had a HR of 3.58 (95 % CI 3.03 to 4.21),
and the risk > 7.5 % without established risk factors group had a HR of
2.72 (95 % CI 1.91 to 3.88), each compared to the risk <7.5 % group
(Table 2). When using the risk > 7.5 % with established risk factors as
the reference group, the HR for ASCVD events was 0.76 (95 % CI 0.55 to
1.06) for the risk > 7.5 % without established risk factors group. The risk
> 7.5 % with established risk factors group had a HR of 3.58 (95 % CI
2.91 to 4.41) while the risk > 7.5 % without established risk factors
group had a HR of 2.62 (95 % CI 1.29 to 5.37) compared to the risk <7.5
% group in women. In men, the risk > 7.5 % with established risk factors
group had a HR of 3.07 (95 % CI 2.29 to 4.11) and the risk > 7.5 %
without established risk factors group had a HR of 2.31 (95 % CI 1.46 to
4.11) compared to the risk <7.5 % group (Supplemental Table 2).

The incidence rates in the risk > 7.5 % with established risk factors
were 6.3, 10.3, 14.1, and 22.2 per 1000 person-years for participants
with a 10-year predicted ASCVD risk of 7.5 % to <10 %, 10 % to <15 %,
15 % to <20 %, and > 20 %, respectively (Supplemental Table 3). The
incidence rates in the risk > 7.5 % without established risk factors were
7.6,8.4,11.3, and 22.0 per 1000 person-years for participants with a 10-
year predicted ASCVD risk of 7.5 % to <10 %, 10 % to <15 %, 15 % to

20

Percentage
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Table 2
Incidence rates and hazard ratios for atherosclerotic cardiovascular disease
associated with 10-year predicted risk groups.

Risk<7.5 %  Risk >7.5 % with  Risk >7.5 %

established risk without established
factors risk factors
Number of 5116 5637 362
participants
ASCVD events, n ( 183 (3.6) 691 (12.3) 37 (10.2)
OA))
CHD events, n ( 107 (2.1) 371 (6.6) 19 (5.3)
%)
Stroke event, n ( 79 (1.5) 324 (5.8) 18 (4.9)
%)
Person-years of 51,402.4 54,142.3 3765.6
follow-up
Incidence rate per 3.6(3.141) 12.8(11.8-13.7) 9.8 (6.9-13.2)

1000 person-years

(95 % CI)

Hazard ratio (95 % 1 (reference)  3.58 (3.03-4.21) 2.72(1.91-3.88)
CDh

Hazard ratio (95 % 0.28 1 (reference) 0.76 (0.55-1.06)
CD (0.24-0.33)

ASCVD, atherosclerotic cardiovascular disease.

There were n = 7 participants who had both stroke and CHD events on same date
and have been included for both stroke and CHD event rows. Therefore, the
number and percents may be more than the total number and percent of ASCVD
events.

<20 %, and > 20 %, respectively. The incidence rates of the risk <5 %
and risk 5 % to <7.5 % was 2.6 and 5.6 respectively. Within each sub-
group of estimated ASCVD risk, the HR for incident ASCVD is reported in
both the risk > 7.5 % with and without established risk factors groups
and presented in Supplemental Table 3.

3.3. Sensitivity analysis

When requiring an SBP <120 mm Hg without the use of antihyper-
tensive medication for the risk > 7.5 % without established risk factors
group, 1.6 % of participants met the definition of having risk > 7.5 %
without established risk factors. The incidence rates were 3.6 (95 % CI
3.1t04.1),12.7 (95% CI 11.8 t0 13.6), and 9.1 (95 % CI 5.3 to 13.9) per

10-year predicted ASCVD Risk, %

ASCVD Risk Groups [ Risk < 7.5% [

Risk 27.5% Risk 27.5%
with bliched ithout bliched
risk factors risk factors

Fig. 2. Distribution of 10-year predicted atherosclerotic risk by ASCVD risk groups.

ASCVD: Atherosclerotic cardiovascular disease.
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1000 person-years for the risk <7.5 %, and risk > 7.5 % with and
without established risk factors groups, respectively (Supplemental
Table 4). The HRs for ASCVD were 3.55 (95 % CI 3.02 to 4.18) and 2.52
(95 % CI 1.53 to 4.14) for the risk > 7.5 % with and without established
risk factors, respectively, using the risk <7.5 % group as reference.

3.4. Association of risk modifiers with ASCVD risk

In the risk <7.5 % group, participants who experienced an incident
ASCVD event during follow-up were more likely to have an eGFR <60
ml/min/1.73m? and higher cystatin C level (Table 3). In the risk > 7.5
% with established risk factors group, participants who had ASCVD
events during follow-up were more likely to have an eGFR <60 mL/min/
1.73m?, higher cystatin C, hs-CRP > 2 mg/L, triglycerides > 150 mg/dL,
and albuminuria. There was no statistical difference in risk modifiers
between those that did and did not experience ASCVD events in the risk
> 7.5 % without established risk factors group.

4. Discussion

In a large, contemporary, cohort of Black and White U.S. adults, only
3.3 % of participants had a predicted 10-year ASCVD risk > 7.5 % based
primarily on age. Those with 10-year predicted risk > 7.5 % both with
and without established risk factors had a substantially higher risk for
incident ASCVD compared to those with a 10-year predicted risk <7.5 %
across the spectrum of predicted ASCVD risk. The results were consistent
among women and men and when evaluating a lower threshold of an
untreated SBP <120 mm Hg.

It is notable that the risk > 7.5 % without established risk factors
group comprised only 3 % of the entire cohort. The percentage of risk >
7.5 % based primarily on age is likely to be even smaller than 3 % in the
general population as we excluded those with a history of ASCVD or
diabetes, and those already taking a statin. Age is the biggest contributor
to ASCVD risk [20,21]. As a result, many critics of risk estimation for

Table 3
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primary prevention cite the reliance on age, and the “inevitability” of
statin treatment as potential short-comings [5,22]. However, not only do
the current results demonstrate that the group of adults who have risk >
7.5 % primarily because of age is quite small, but also that this group has
high ASCVD risk. These results support the concept that age is a
powerful risk predictor because it integrates the cumulative exposures to
even moderate elevations in risk factors [23-25]. For example, Liu et al.
found that among adults treated with antihypertensive medication, a
cumulative SBP exposure of >3000 mmHg-years (i.e. 120 mm Hg over
25 years) was associated with higher left ventricular mass than adults
who achieved an SBP <120 mm Hg without medication [26]. Studies of
LDL-C have also demonstrated that higher cumulative LDL-C levels are
associated with a higher incidence of cardiovascular events [27,28].

It is worth noting that among the adults with risk > 7.5 % primarily
because of age, more than three-fourths had poor diet scores and more
than half did not meet recommendations for ideal levels of physical
activity. The high prevalence of a poor diet and inadequate physical
activity within the risk > 7.5 % without established risk factors group
supports the hypothesis that their elevated risk derives from long-term
accumulated exposures to subclinical risk factors. Multiple observa-
tional studies have demonstrated associations between consumption of a
heart healthy diet and more physical activity with a lower risk for
incident ASCVD, even after adjusting for traditional risk factors [29-34].
The results from the current study highlight the need for public health
measures to help adults maintain ideal cardiovascular health.

The decision to initiate statin therapy for primary prevention in
adults who have a 10-year estimated ASCVD risk > 7.5 % based pri-
marily on age can be challenging. Many older adults in this cohort may
feel that they do not need a statin since they do not have other estab-
lished cardiovascular risk factors. However, the current study demon-
strated that adults with 10-year predicted ASCVD risk > 7.5 % without
established risk factors experience event rates above 7.5 %, the clinical
trial-supported threshold for benefit of statin therapy [2]. An elevated
ASCVD event rate was present even among adults with predicted risk of

Risk modifiers among participants who experienced and did not experience an incident atherosclerotic cardiovascular disease event by ASCVD risk group.

Risk < 7.5 %

Risk > 7.5 % with established risk factors

Risk > 7.5 % without established risk factors

No ASCVD Events ASCVD Events p-value No ASCVD Events ASCVD Events p-value No ASCVD Events ~ ASCVD Events p-
(n = 4933) (n=183) (n = 4946) (n=691) (n=325) (n=137) value
Diet score
Ideal/ 23 % 20 % 0.400 18 % 17 % 0.468 24 % 13 % 0.193
Intermediate
Poor 77 % 80 % 82 % 83 % 76 % 87 %
Physical Activity
Score
Ideal 30 % 31% 0.635 33 % 35% 0.476 43 % 37 % 0.353
Intermediate 42 % 39 % 37 % 35% 31% 43 %
Poor 28 % 30 % 30 % 30 % 27 % 20 %
Alcohol drinker, %
None 56 % 59 % 0.113 52 % 62 % 0.486 59 % 62 % 0.343
Moderate 40 % 34 % 43 % 32 % 36 % 34 %
Heavy 5% 7 % 5% 6 % 5% 4%
Body mass index
(kg/m?)
Normal (<25) 32% 33% 0.979 26 % 27 % 0.513 47 % 43 % 0.611
Overweight 35 % 35 % 41 % 42 % 38 % 46 %
(25-<30)
Obese (> 30) 32% 32% 34 % 32 % 15 % 11 %
eGFR <60 mL/min/ 1.7 % 6.0 % <0.001 7.1 % 11.3 % <0.001 3.4% 8.1% 0.163
1.73m*
Cystatin C, mg/L* 0.9 (0.2) 1.0 (0.6) 0.013 1.0 (0.3) 1.1 (0.3) <0.001 0.9 (0.2) 0.9 (0.2) 0.374
LDL-C > 160 mg/dL 11% 13% 0.550 15 % 13 % 0.226 0% 0% -
hs-CRP > 2 mg/L 48 % 51 % 0.479 54 % 59 % 0.005 40 % 38 % 0.828
Triglycerides > 150 19 % 25 % 0.055 29 % 35 % 0.003 7 % 11 % 0.503
mg/dL
Albuminuria 5% 8 % 0.072 10 % 19 % <0.001 6 % 10 % 0.460
Prediabetes 16 % 21 % 0.062 23 % 22 % 0.563 17 % 16 % 0.951

ASCVD, atherosclerotic cardiovascular disease.
" Numbers for cystatin C represent mean (standard deviation).
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7.5 % to <10 %. Large meta-analyses and retrospective studies in pri-
mary prevention populations have shown conflicting results with the use
of statins in individuals >75 years old with some showing benefit and
others showing no effect [35,36]. The Cholesterol Treatment Trialists’
Collaboration showed a significant association between statin therapy
and reduction in major vascular events in the age groups of 66-75 years
of age [36]. The Pragmatic Evaluation of Events and Benefits of
Lipid-lowering in Older Adults (PREVENTABLE) trial will randomize
atorvastatin 40 mg versus placebo in US adults > 75 years without
established clinical ASCVD with a primary outcome of dementia and
persistent disability free survival (NCT04262206) [37]. The Statin
Therapy for Reducing Events in the Elderly (STAREE) trial will
randomize atorvastatin 40 mg versus placebo in Australian adults > 70
years without clinical ASCVD with a primary outcome of disability free
survival and major cardiovascular events (NCT02099123) [38]. The
results of these two randomized controlled trials may provide further
clarity on this population.

We examined multiple laboratory biomarkers, including LDL-C, tri-
glycerides, and hs-CRP, that were highlighted in recent guidelines as
potentially elevating an individual’s estimated ASCVD risk [2]. Among
the risk > 7.5 % without established risk factors group, we did not find
significant differences in the levels of risk biomarkers between those
who did and did not experience ASCVD events, however we may have
been underpowered. For example, participants in the risk > 7.5 %
without established risk factors group who experienced ASCVD events
were nearly twice as likely to have albuminuria (10.8 % % vs 5.7 %, p =
0.46) and more than twice as likely to have an eGFR < 60
mL/min/1.73m? (8.1 % % vs 3.4 %, p = 0.16) compared to participants
who did not experience ASCVD events. Among the risk < 7.5 % and the
risk > 7.5 % with established risk factors groups, those who experienced
ASCVD events were significantly more likely to have a lower eGFR and
higher cystatin C, markers of decreased renal function. The use of cor-
onary artery calcium (CAC) scoring could enhance risk assessment in the
risk > 7.5 % without established risk factors subgroup. In a combined
analysis of 4778 participants from 3 U.S. cohorts, Yano et al. found that
31 % of adults aged 60 years and older had a CAC score of 0, suggesting
that it could help identify older adults with higher and lower ASCVD risk
[39]. Further study is warranted to determine whether other subclinical
markers of disease, such as abdominal adiposity or high-sensitivity
troponin, could help guide risk assessment in older adults without
established risk factors.

4.1. Limitations

The current study has several strengths, including its large sample
size, extensive data collection at baseline and rigorous follow-up and
adjudication of ASCVD events. However, the results of our study should
be interpreted in the context of its known and potential limitations.
Participants’ 10-year predicted risk was assessed at baseline only.
Therefore, some participants who were classified as being without
established risk factors may have developed risk factors during follow-
up. The modest sample size of participants in the risk > 7.5 % without
established risk factors group resulted in wide confidence intervals for
some estimates, and we were underpowered to detect differences in risk
modifiers among those who did and did not experience ASCVD events.
CAC score, a potentially useful risk marker as discussed previously, was
unfortunately not available in the REGARDS study. In addition, other
factors highlighted in the most recent guidelines as risk modifiers (i.e.:
ApoB, pre-mature menopause, pre-eclampsia, significant family history
of ASCVD) were not available in the REGARDS study and thus could not
be assessed. Lp(a) was available for only a very small percentage of
participants included in a case-cohort study and thus was not included
for analysis. We excluded participants with diabetes because statins are
already indicated for this population. However, this removed many in-
dividuals at higher risk of incident ASCVD from the study population. It
is likely that the exclusion of these individuals resulted in the under-
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estimation of risk in the risk > 7.5 % with established risk factors group.
5. Conclusion

In a large, contemporary, cohort of Black and white U.S. adults, only
3 % of participants had 10-year predicted ASCVD risk > 7.5 % in the
absence of established risk factors. Among the participants with risk >
7.5 % without established risk factors, the incidence rate of ASCVD
events was above the trial-supported threshold in which benefit from
statin therapy is seen.
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