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Background

Cardiovascular�disease�(CVD)�is�the�leading�cause�of�death�globally.�Hypertension�
and�dyslipidemia�are� established�CVD�risk� factors,� but� these�diagnoses� are�often�
insufficient� in� predicting� CVD� individually.� Inflammation� has� emerged� as� a�
contributor�to�CVD,�but�research�on�the�combination�of�inflammation,�hypertension,�
and�dyslipidemia� in�CVD�risk� is� limited.�More�thorough�evaluations�of�CVD�risk�
using�all�3�aforementioned�risk�factors�are�crucial.

Methods

This�report�analyzes�data�from�the�Health�and�Retirement�Study,�a�representative�
cohort�of�US�adults�over�50�years�of�age�(n�=�1,527).�Participants�were�classified�as�
having� prevalent� CVD� if� they� self-reported� a� healthcare� provider’s� diagnosis� of�
either�a�heart�condition�or�a�stroke�or�transient�ischemic�attack�(TIA).�We�developed�
a�CVD� risk� score�using� three� factors� known� to� contribute� to�CVD:�hypertension,�
dyslipidemia,�and�elevated�C-reactive�protein�(CRP).�Risk�was�categorized�as� low�
(0–1�factors),�medium�(2�factors),�or�high�(all�3�factors).�Weighted�logistic�regression�
models�estimated�the�adjusted�odds�ratio�(OR)�of�CVD�for�medium-�and�high-risk�
groups�versus�the�low-risk�group.

Results

CVD�prevalence� in�medium-risk�participants�was�not� significantly�different� from�
low-risk� participants� (OR� =� 1.21,� 95%� CI:� [0.86–1.70]).� After� adjusting� for� age,�
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high-risk�participants�had�significantly�higher�odds�of�CVD�prevalence�compared�
to�participants�with�0�or�1�of�the�risk�factors�(OR�=�1.86,�95%�CI:�[1.26–2.74]).�This�
association�was�robust�to�additional�demographic�adjustment�for�sex,�race/ethnicity,�
obesity�status,�smoking�status,�and�diabetes�mellitus�or�hyperglycemia.

Conclusion
Co-occurrence� of� hypertension,� dyslipidemia,� and� elevated� CRP� was� associated�
with�CVD�prevalence�in�a�representative�sample�of�older�US�adults.�Our�findings�
emphasize�the�importance�of�multifactor�screening�for�CVD�risk�in�clinical�settings.

Introduction

Despite� being� one� of� the� most� researched� and� preventable� chronic� health�
conditions,�cardiovascular�disease�(CVD)�is�the�leading�cause�of�death�in�the�
United�States�(US)�and�globally.�CVD�describes�a�range�of�conditions�impact-
ing�the�heart�and�vascular�system,�with�the�most�common�presentations�being�
angina,�myocardial�infarction,�and�heart�failure�(CDC,�2018;�Lopez�et�al.,�2006;�
Flora�&�Nayak,� 2019).� The� number� of� CVD� cases� has� nearly� doubled� from�
271�million� in� 1990� to� 523�million� in� 2019,� and� the�number� of�CVD-related�
deaths� has� also� increased� from� 12.1�million� in� 1990� to� 18.6�million� in� 2019�
(Roth�et�al.,�2020).�In�addition�to�contributing�to�morbidity�and�mortality�glob-
ally,�CVD�has�placed�an�extreme�burden�on�healthcare�systems�and�societies.�
In�2010,�the�global�cost�of�CVD�was�an�estimated�$865�billion�and�is�estimated�
to� rise� to� $1.05� trillion�by�2030.�Around�half� of� the�monetary� loss� is�due� to�
direct�healthcare�costs,�and�the�other�half�is�productivity�loss�from�not�work-
ing,�disability,�or�premature�death�(World�Economic�Forum,�2011).�Therefore,�
the�development�of�diagnostic�tools�for�early�identification�of�individuals�at�
risk�of�developing�CVD�is�crucial�for�timely�diagnosis�and�intervention.

The� cardiovascular� system� is� made� of� the� heart� and� blood� vessels.� CVD�
refers� to� the�wide� range�of� states� of�disease�within� this� system� (Farley� et� al.,�
2012).�Although�CVD�can�originate�from�a�variety�of�elements,�atherosclerosis,�
the�obstructive�deposition�of� fatty�substances� inside� the�arteries,� is�a�primary�
cause�of�CVD�(Libby�et�al.,�2011).

The�majority�of�CVD�cases�can�be�grouped�into�4�categories:

1.� Coronary�artery�disease�(CAD):�Plaque�buildup�in�the�arteries�that�sup-
ply� blood� to� the� heart,�which� leads� to� narrowing� or� blockage� in� these�
vessels.�Results�in�angina,�MI,�and/or�heart�failure.

2.� Cerebrovascular�disease�(CVD):�Plaque�buildup�in�the�arteries�that�sup-
ply� blood� to� the� brain,�which� leads� to� narrowing� or� blockage� in� these�
vessels.�Includes�stroke�and�transient�ischemic�attack�(TIA).
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3.� Peripheral�artery�disease�(PAD):�Plaque�buildup�in�the�peripheral�arteries�
(located�in�the�legs�and�arms),�which�leads�to�narrowing�or�blockage�in�
these�vessels.

4.� Aortic�atherosclerosis:�Plaque�buildup�in� the�aorta,�which� leads� to�nar-
rowing� or� blockage� in� this� vessel,� resulting� in� diminished� blood� flow�
and�weakening�of�the�aorta.�Includes�thoracic�and�abdominal�aneurysms�
(Benjamin�et�al.,�2018).

Multiple� microscopic� biological� phenomena,� including� dyslipidemia,�
inflammation,�and�endothelial�dysfunction,�lead�to�the�formation�of�fatty�streaks�
(Davies� et� al.,� 1988),� characteristic� of� atherosclerosis.�Well-known� risk� factors�
contributing�to�these�biomarkers�of�CVD�are�modifiable�and�include�hyperten-
sion� (HTN),� dyslipidemia,� diabetes�mellitus� (DM),� smoking� and� secondhand�
smoke� exposure,� obesity,� unhealthy� diet,� and� sedentary� lifestyle� (CDC,� 2022;�
Carey�et�al.,�2021;�Wilson�et�al.,�1998;�Alloubani,�2021;�Jung�et�al.,�2022).�HTN�is�
defined�as�a�systolic�blood�pressure�(SBP)�≥130mmHg�and/or�a�diastolic�blood�
pressure�(DBP)�>80mmHg�and�is�the�leading�risk�factor�for�CVD�morbidity�and�
mortality� (Carey�et�al.,� 2021;� Iqbal�&� Jamal,�2022).�Dyslipidemia� is�defined�as�
abnormal� levels�of� lipids�and/or� lipoproteins� in� the�blood,� including�elevated�
total�cholesterol� (TC�≥200�mg/dL),� low-density� lipoprotein�cholesterol� (LDL-C�
>100�mg/dL),� triglyceride� (TG�>150�mg/dL),� and� low�high-density� lipoprotein�
cholesterol�(HDL-C�<40�mg/dL)�(Alloubani,�2021,� Jung�et�al.,�2022).� In�the�US,�
the�number�of�adults�with�HTN�is�about�116�million�and�globally�is�about�4�bil-
lion�(Roth�et�al.,�2020).� In�the�US,�around�38%�of�adults�have�total�cholesterol�
≥200�mg/dL,�28%�of�adults�have�LDL�≥130�mg/dL,�21%�of�adults�have�TG�≥150�
mg/dL,�and�17%�of�adults�have�HDL�<40�mg/dL�(Tsao�et�al.,�2022).�Both�HTN�
and�dyslipidemia�have�been�widely�researched�and�have�much�data�pointing�
toward� their� responsibility� in� the�development�of�CVD,�but�studies�have�also�
demonstrated�their�insufficiency�in�independently�producing�all�cases�of�CVD�
(Ridker�et�al.,�2004;�Libby�et�al.,�2002;�Khot,�2003;�Johnson�et�al.,�2018).�Inflam-
mation�has�emerged�as�another�factor�in�the�development�of�CVD�(Sorriento�&�
Iaccarino,�2019;�Chen�et�al.,�2022).�Inflammation�is�the�immune�system’s�reaction�
to�dangerous�substances,�such�as�pathogens,�damaged�cells,�toxins,�or�radiation.�
This�process� is�crucial� for�maintaining�health�as� it� removes�damaging�entities�
and�promotes�healing.�During�acute�inflammation,�the�immune�system�works�
to�mitigate�injury�or�infection.�However,�if�inflammation�becomes�chronic,�it�can�
wreak�havoc�on�the�body�and�is�known�to�contribute�to�a�variety�of�debilitating�
health�conditions,�such�as�rheumatoid�arthritis,�lupus,�periodontitis,�and�atopic�
dermatitis� (Chen� et� al.,� 2017;� Sorriento� &� Iaccarino,� 2019).� Past� research� has�
also�shown�a�strong�correlation�between�chronic�inflammatory�states�and�risk�
of�developing�atherosclerotic�plaque�and�CVD�(Koosha�et�al.,�2020;�Ferrucci�&�
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Fabbri,�2018).�In�blood�vessels,�inflammation�occurs�in�response�to�vessel�injury,�
oxidation� of� serum� lipids,� and� infection.� HTN� damages� vessel� endothelium,�
prompting�an�inflammatory�response.�In�response�to�endothelial�damage,�leu-
kocytes�bind�monocytes�to�the�affected�site.�Dyslipidemia�increases�the�risk�of�
serum�lipids�getting�stuck�behind�the�endothelium�and�becoming�oxidized.�This�
triggers�a�stronger�inflammatory�response�because�monocytes�that�interact�with�
these�oxidized�particles�are�more�likely�to�stay�bound�to�the�endothelium.�Fur-
thermore,�the�monocytes�can�transform�into�macrophages�and�foam�cells,�which�
are�precursors�in�the�development�of�plaque.�Other�risk�factors,�including�DM,�
smoking�and�secondhand�smoke�exposure,�obesity,�unhealthy�diet,�and�seden-
tary� lifestyle,� amplify� the�harmful� inflammatory� effects� of�HTN�and� elevated�
lipids�(Willerson�&�Ridker,�2004;�Martinez-Quinones�et�al.,�2018;�Steinberg,�2009;�
Rhoads�&�Major,�2018;�Tabas�et�al.,�2007).�Systemic�inflammation�can�be�mea-
sured�by�a�variety�of�blood-based�biomarkers,�with�the�most�prominent�being�
C-reactive�protein�(CRP),�which�is�strongly�associated�with�CVD�(Koosha�et�al.,�
2020;�Ferrucci�&�Fabbri,�2018;�Castro�et�al.,�2018).

Although�there�is�prior�research�examining�the�link�between�inflammation�and�
CVD�risk,�there�is�limited�research�on�the�co-occurrence�of�inflammation,�HTN,�
and�dyslipidemia�and�resultant�CVD�risk.�There�remains�an�important�question:�
Does�an�individual�need�all�the�3�factors�to�develop�CVD?�Present�research�also�
includes�samples�that�are�often�small�and�not�directed�toward�geriatric�popula-
tions,�which�is�important�considering�older�individuals�are�the�primary�group�
affected�by�CVD.� In� this�present� study,�we�will�determine� if�having�all� 3� risk�
factors—high�inflammation,�hypertension,�and�dyslipidemia—correlates�with�a�
greater�risk�of�CVD,�as�opposed�to�having�0–1�or�2�of�these�risk�factors,�using�
data�from�the�Health�and�Retirement�Study�(HRS),�a�nationally�representative,�
longitudinal�study�of�adults�over�50�years.�We�will�describe�the�demographics�
(age,� sex,� race)�and� risk� factors� (obesity,� smoking�status,�DM,�HTN,�dyslipid-
emia,�inflammation)�of�HRS�participants�with�CVD�status.�In�addition,�we�will�
describe�the�demographics�(age,�sex,�race)�and�risk�factors�(obesity,�smoking�sta-
tus,�DM,�HTN,�dyslipidemia,�inflammation)�of�HRS�participants�with�risk�factor�
status.�Finally,�we�will�examine� the�association�between�risk� factor�status�and�
CVD�status,�controlling�for�age,�sex,�race,�obesity,�smoking�status,�and�DM.

Methods

Study Design and Data Sources

Data�for�this�study�come�from�HRS,�an�ongoing�nationally�representative�panel�
study� that� surveys� around� 20,000� people� older� than� age� 50� in� the� US� every�
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2�years.�This�study�is�supported�by�the�National�Institute�on�Aging�(NIA)�and�
Social� Security�Administration� (SSA)� and� is� coordinated� by� the�University� of�
Michigan� Institute� for� Social�Research� (ISR).� The�design� and�methodology�of�
HRS�have�been�thoroughly�outlined�elsewhere�(Sonnega�et�al.,�2014;�Karp,�2007;�
Juster�&�Suzman,�1993).�In�this�study,�we�carried�out�a�cross-sectional�analysis�
examining�the�association�between�CVD�prevalence�and�clinical�risk�factors�for�
CVD�using�data�from�2016�(Wave�13).�Of�the�9,850�participants�with�biomarker�
data�available�at�this�wave,�we�excluded�individuals�missing�data�on�BP,�lipids,�
and�CRP,�as�well�as�covariates�including�age,�sex,�race/ethnicity,�DM�or�hyper-
glycemia,�smoking,�and�obesity�to�obtain�a�final�sample�of�1,527�participants.

Exposure

CVD�risk�score�was�generated�from�3�clinical�conditions�known�to�contribute�
to�CVD:�HTN,�dyslipidemia,�and�elevated�CRP.�HTN�status�was�obtained�from�
HRS�self-reported�health�data�on�the�basis�of�a�healthcare�provider’s�diagnosis.�
LDL-C�was�calculated�in�serum�specimens�having�a�triglyceride�value�<400�mg/
dL�using� the� formula� of� Friedewald�LDL-C� =�TC� −�HDL-C� −�TG/5.0.�HDL-C�
was�measured�directly�in�serum�using�the�Roche�HDL-C�3rd-generation�direct�
method�(Roche�Diagnostics,�Indianapolis,�IN)�on�a�Roche�Cobas�6000�Chemistry�
Analyzer�(Roche�Diagnostics�Corporation).�TG�was�measured�in�serum�using�an�
enzymatic�TG�Reagent�(Roche�Diagnostics,�Indianapolis,�IN)�on�a�Roche�Cobas�
6000�Chemistry�Analyzer� (Roche�Diagnostics�Corporation).�Dyslipidemia�was�
categorized�as�LDL-C�>130�mg/dL,�TG�>150�mg/dL,�or�HDL-C�<50�mg/dL�for�
women�and�<40�mg/dL�for�men,�based�on�widely�recognized�clinical�reference�
ranges�(Martin�&�Cardoso,�2021).�CRP�was�measured�in�serum�using�a�latex-par-
ticle�enhanced�immunoturbidimetric�assay�kit�(Roche�Diagnostics,�Indianapolis,�
IN�46250)�and�read�on�the�Roche�COBAS�6000�Chemistry�analyzer�(Roche�Diag-
nostics).�High�CRP�was�categorized�as�>3�mg/L,�based�on�the�widely�recognized�
clinical�reference�range�(HRS,�2016;�Adukauskienė�et�al.,�2016).�Values�of�contin-
uous�CRP�were�log�transformed�for�descriptive�statistics.

Low�risk�was�defined�as�having�0–1�diagnoses�of�HTN,�high�CRP,�or�dyslip-
idemia;�medium�risk�was�defined�as�having�2�of�these�factors;�and�high�risk�was�
defined�as�having�all�3�factors.

Outcome

Self-reported�health�data� of� a� healthcare�provider’s� diagnosis� of� heart� attack,�
coronary�heart�disease,�angina,�congestive�heart�failure�or�other�heart�problems,�
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and�stroke�or�transient�ischemic�attack�(TIA)�were�used�to�assess�prevalence�of�
CVD.�If�a�participant�reported�either�a�heart�condition�or�a�stroke�or�TIA,�they�
were�classified�as�having�CVD.

Covariates

Covariates� included�age� (years),� sex�assigned�at�birth� (female/male),� race/eth-
nicity�(non-Hispanic�white,�non-Hispanic�black,�or�Hispanic),�obesity�(yes/no),�
current�smoking�status�(yes/no),�and�DM�or�hyperglycemia�(yes/no).�Age,�sex,�
and� race/ethnicity� were� obtained� from�HRS� self-reported� demographic� data.�
The� presence� of�DM�or� hyperglycemia�was� obtained� from�HRS� self-reported�
health�data� on� the�basis� of� a�healthcare�provider’s�diagnosis.� Smoking� status�
was�obtained�from�HRS�self-reported�health�data.�A�participant�was�classified�
as�obese�if�their�calculated�body�mass�index�was�≥30�kg/m2,�based�on�the�widely�
recognized�clinical�classification�of�obesity�(Jensen�et�al.,�2014).

Statistical Analysis

Continuous�variables�were� reported� as�weighted�mean� ±� standard� error,� and�
categorical�variables�were�reported�as�frequency�(weighted�percentage).�Distri-
butions�of�covariates�by�CVD�diagnosis�and�risk�score�were�reported�using�F-test�
for�continuous�variables�and�Rao-Scott�Chi-Square�Test�for�categorical�variables.�
Weighted�logistic�regression�models�were�used�to�calculate�adjusted�odds�ratio�
(OR)�of�CVD�in�participants�with�low-,�medium-,�and�high-risk�groups.�Model�1�
was�adjusted�for�age.�Model�2�was�adjusted�for�age,�sex,�race,�obesity,�smoking�
status,�and�DM.

All�analyses�were�completed�using�SAS�version�9.4�(SAS�Institute,�Inc.,�Cary,�
NC).�P�values�at�alpha�<�0.05�were�considered�statistically�significant.

Results

Descriptive�statistics�for�those�with�and�without�CVD�are�provided�in�Table 1.�The�
mean�age�of�participants�with�CVD�was�70.98�±�0.56�years�and�66.65�±�0.33�years�
for�participants�without�CVD�(P�<�0.05).�Of�the�participants�with�CVD,�47.79%�
were�female,�and�of�the�participants�without�CVD,�59.93%�were�female�(P�<�0.05).�
Distributions�of�race/ethnicity,�obesity�status,�and�smoking�status�were�not�sig-
nificantly�different�between�the�two�groups.�There�was�a�greater�prevalence�of�
DM�or�hyperglycemia�in�the�CVD�group.�Mean�LDL-C�and�HDL-C�levels�were�
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significantly�greater�in�the�no�CVD�group,�while�there�were�no�significant�differ-
ences�in�mean�TG�or�log�CRP�between�the�CVD�and�no�CVD�groups.�HTN�and�
high�CRP�were�more�prevalent�in�the�CVD�group,�while�dyslipidemia�was�more�
prevalent�in�the�no�CVD�group.

Distributions� of� covariates� for� low-,�medium-,� and� high-risk� factor� scores�
based�on�presence�of�0–1,�2,�or�3�of�HTN,�dyslipidemia,�and�high�CRP,�respec-
tively,� are� described� in� Table  2.� The� low-risk� group� mean� age� was� 68.18� ±�
0.49�years,�the�medium-risk�group�mean�age�was�67.70�±�0.43�years,�and�the�high-
risk�group�mean�age�was�67.62�±�0.60�years�(P�>�0.05).�About�53.66%,�59.59%,�and�
56.17%�of�participants�in�the�low-,�medium-,�and�high-risk�groups�were�female,�

Table 1: Characteristics�of�HRS�Participants�with�and�without�CVD�(n�=�1527)

Variables CVD  
(n = 470)

No CVD 
(n = 1057)

P Value

Age�(years) 70.98�±�0.56 66.65�±�0.33 <0.0001
Sex�(female),�n�(%) 246�(47.79) 653�(59.93) 0.0006
Race/Ethnicity,�n�(%) Non-Hispanic�

white
336�(82.30) 691�(81.19) 0.8809

Non-Hispanic�
black

75�(8.82) 188�(9.03)

Hispanic 59�(8.88) 178�(9.78)
Obesity,�n�(%) 223�(47.30) 461�(41.78) 0.1211
Current�Smoker,��
n�(%)

50�(8.82) 110�(11.11) 0.2768

DM�or�
Hyperglycemia,��
n�(%)

182�(36.07) 251�(20.25) <0.0001

LDL-C�(mg/dL) 94.26�±�2.09 108.76�±�1.38 <0.0001
HDL-C�(mg/dL) 51.97�±�0.95 60.42�±�0.81 <0.0001
TG�(mg/dL) 139.44�±�3.98 137.27�±�2.68 0.6503
Log�CRP 0.75�±�0.07 0.59�±�0.05 0.0698
HTN,�n�(%) 375�(76.05) 622�(54.42) <0.0001
Dyslipidemia,�n�(%) 301�(65.19) 795�(76.04) 0.0006
High�CRP,�n�(%) 211�(42.27) 405�(35.41) 0.0470

n:�number�of�participants,�LDL-C:�low-density�lipoprotein�cholesterol,�mg/dL:�milligrams�per�
deciliter,�HDL-C:�high-density�lipoprotein�cholesterol,�TG:�triglyceride,�CRP:�C-reactive�protein,�HTN:�
hypertension.
Values�are�mean�±�standard�error�and�frequency�(percentage);�Bold�=�statistically�significant�at�alpha�<�0.05.
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Table 2: Characteristics�of�HRS�Participants�by�Risk�Category�(n�=�1527)

Variables Low-Risk
(n = 582)

Medium-
Risk

(n = 601)

High-Risk
(n = 344)

P Value

Age�(years) 68.18�±�0.49 67.70�±�0.43 67.62�±�0.60 0.7004
Sex�(female),��
n�(%)

322�(53.66) 364�(59.59) 213�(56.17) 0.2747

Race/Ethnicity,��
n�(%)

Non-
Hispanic�
white

436�(86.18) 394�(80.09) 197�(74.87) 0.0006

Non-
Hispanic�
black

75�(6.73) 101�(8.39) 87�(14.53)

Hispanic 71�(7.09) 106�(11.53) 60�(10.60)
Obesity,�n�(%) 164�(25.67) 296�(48.42) 224�(68.95) <0.0001
Current�Smoker,�
n�(%)

57�(8.64) 56�(10.08) 47�(14.79) 0.0910

DM�or�
Hyperglycemia,�
n�(%)

132�(19.32) 171�(25.43) 130�(34.32) 0.0003

LDL-C�(mg/dL) 96.31�±�1.70 109.38�±�
1.83

112.21�±�
2.78

<0.0001

HDL-C�(mg/dL) 64.61�±�1.08 56.01�±�0.97 48.66�±�1.04 <0.0001
TG�(mg/dL) 114.88�±�

3.02
146.62�±�
3.33

167.17�±�
5.46

<0.0001

Log�CRP 0.09�±�0.05 0.68�±�0.06 1.66�±�0.07 <0.0001
HTN,�n�(%) 193�(28.11) 460�(73.91) 344�(100.00)
Dyslipidemia,�n�
(%)

249�(46.08) 503�(86.92) 344�(100.00)

High�CRP,�n�(%) 33�(4.17) 239�(39.17) 344�(100.00)

n:�number�of�participants,�LDL-C:�low-density�lipoprotein�cholesterol,�mg/dL:�milligrams�per�deciliter,�
HDL-C:�high-density�lipoprotein�cholesterol,�TG:�triglyceride,�CRP:�C-reactive�protein,��
HTN:�hypertension.
Values�are�mean�±�standard�error�and�frequency�(percentage);�Bold�=�statistically�significant�at��
alpha�<�0.05.
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respectively�(P�>�0.05).�The�proportion�of�non-Hispanic�whites�was�highest�in�the�
low-risk�group,�while�the�medium�and�high-risk�groups�contained�a�greater�pro-
portion�of�non-Hispanic�black�participants�and�Hispanic�participants�compared�
to�the�low-risk�group.�The�prevalence�of�obesity�was�patterned�according�to�the�
risk�group,�with�the�highest�average�BMI�in�the�high-risk�group�and�lowest�in�
the�low-risk�group.�Smoking�status�was�not�significantly�different�between�the�
three�groups.�There�was�an�increasing�prevalence�of�DM�or�hyperglycemia�as�the�
number�of�risk�factors�increased.�Mean�LDL-C,�TG,�and�log�CRP�also�increased�
with�the�increasing�risk�factor�score,�while�mean�HDL-C�decreased.

Associations�between� risk� factor� score� and�CVD�prevalence� are� shown� in�
Table 3�and�Figure 1.�The�prevalence�of�CVD�in�medium-risk�participants�was�

Figure 1: Association�(Odds�Ratios�and�95%�Confidence�Intervals)�between�Risk�Category�
and�CVD�Prevalence�in�HRS�Participants�(n�=�1527)

Table  3: Adjusted� Odds� of� CVD� Prevalence� for� Risk� Category� in� HRS� Participants�
(n�=�1527)

Low-Risk Medium-Risk High-Risk
OR (95% CI)

Model 1 Ref 1.21�(0.86–1.70) 1.86�(1.26–2.74)
Model 2 Ref 1.19�(0.84–1.68) 1.68�(1.12–2.53)

OR:�odds�ratio,�CI:�confidence�interval.
Model�1:�Adjusted�for�age.
Model�2:�Adjusted�for�age,�sex,�race/ethnicity,�obesity,�current�smoker,�DM,�or�hyperglycemia.
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not�significantly�different�compared�to�low-risk�participants.�After�adjusting�for�
age,�the�odds�of�CVD�prevalence�in�high-risk�participants�were�1.86-fold�higher�
(95%�CI:� [1.26–2.74])� compared� to� low-risk� participants.� This� association�was�
robust�to�additional�adjustment�for�sex,�race/ethnicity,�obesity�status,�smoking�
status,�and�DM�or�hyperglycemia�status�(OR�=�1.68,�95%�CI:�[1.12–2.53]).

Discussion

HTN�and�dyslipidemia�are�well�established�as�contributing�factors�in�the�devel-
opment�of�CVD.�More�recently,�elevated�inflammatory�status,�measured�through�
elevated�CRP,�has�been�explored�as�an� important�element� in�determining� the�
risk�of�CVD.�This� study� investigated� the�prevalence�of�CVD�between�groups�
with�0–1,�2,�or�3�of�these�conditions�in�a�nationally�representative�sample�of�US�
adults�over�the�age�of�50.

Our�findings�revealed�that�those�with�0–1�or�2�risk�factors�all�had�sim-
ilar�prevalence�of�CVD,�but�those�with�all�3�CVD�risk�factors�had�a�signifi-
cantly�higher�prevalence� of�CVD,� even� after� adjusting� for� age,� sex,� race/
ethnicity,� obesity� status,� smoking� status,� and� presence� of� DM� or� hyper-
glycemia.�This�supports�the�hypothesis�that�CVD�is�multifactorial,�and�the�
combination�of�HTN,�dyslipidemia,�and� inflammation� is� characteristic�of�
those�with�healthcare�provider–diagnosed�CVD.�As�a�result,�screening�for�
all�3�factors�may�be�clinically�important�for�identifying�those�at�the�risk�of�
developing�CVD.

These� results� are� consistent� with� previous� research,� including� mul-
tiple� observational� and� experimental� studies.� Previously,� based� on� the�
traditional� cholesterol� hypothesis� of�CVD,�which�places� the� blame�of� ath-
erosclerosis� primarily� on� cholesterol,� many� medications� were� produced�
with� the� goal� of� reducing� cholesterol.� One� promising�medication,� niacin,�
resulted� in� significant� improvements� in� participant� lipid� profiles,� includ-
ing� lowered� TG� and� LDL-C� and� greater� HDL-C.� Despite� these� improve-
ments� in� lipids,� participants�demonstrated� zero� clinical� benefit,� and� some�
even�had�worse�CVD�outcomes� (AIM-HIGH� Investigators,� 2011).� In� addi-
tion,� even� on�multidrug� lipid-lowering� therapy,� 1� in� 5� participants� expe-
rience� residual�CVD�risk� (Alfaddagh�et�al.,� 2020;�Sampson�et�al.,� 2011).� In�
multiple� CVD� drug� trials,� including� PROVE-IT� and� IMPROVE-IT,� resid-
ual� CVD� risk� was� associated� with� CRP� elevation� despite� achieving� con-
trol� of� cholesterol� (Ridker� et� al.,� 2005;� Bohula� et� al.,� 2015).� Other� CVD�
drug� trials,� such� as� JUPITER� and� CANTOS,� have� found� that� the� anti-�
inflammatory�and�CRP-lowering�effects�of�drugs,�including�statins,�produce�
a�protective�effect�against�CVD�independent�of�cholesterol-lowering�effects��
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(Willerson�&�Ridker,�2004;�Ridker�et�al.,�2009a;�Ridker�et�al.,�2009b;�Ridker�
et� al.,� 2017;� Ridker� et� al.,� 2023).� Our� current� knowledge� has�moved� from�
believing�that�CVD�stemmed�from�cholesterol�buildup�alone�to�a�multifac-
eted� disease,� cholesterol� being� just� one� piece� of� the� ever-changing� puzzle�
that� is� the� human� body.� HTN� and� dyslipidemia� are� the� most� significant�
players�in�the�development�of�CVD,�but�studies�have�started�to�point�toward�
inflammation� as� a� component� in� the� etiology� of� CVD� as� well.� Inflamma-
tion� is� likely� to� be� involved� in� atherosclerosis,� and�determining�CVD� risk�
based�on�a�plethora�of�factors,�not�just�BP�and�cholesterol,�is�prudent�in�the�
mitigation� of� CVD-related� deaths.� In� practice,� proper� and� comprehensive�
assessment�of�BP,� lipids,� and�CRP� is� rare,�which� is� especially�problematic�
in�CVD,�a�multifactorial�condition.�In�this�context,�it�is�important�to�ensure�
implementation� of� current� diagnostic� guidelines,�which� advocate� for� con-
current�and�routine�BP�and�lipid�measurements�in�all�adults,�as�well�as�CRP�
measurements�in�individuals�at�the�risk�of�CVD,�because�just�knowing�one�
or�two�of�these�health�parameters�is�not�enough�to�accurately�describe�CVD�
risk�(Pearson�et�al.,�2003).

Overall,�participants�with�CVD�tended�to�be�older�and�were�more�likely�to�
be�male�and�to�have�DM�or�hyperglycemia,�as�expected.�In�addition,�participants�
with�CVD�had�lower�LDL-C�and�HDL-C�levels,�were�more�likely�to�have�HTN�
and� elevated�CRP,� and�were� less� likely� to� be�dyslipidemic.�The� lower�preva-
lence�of�dyslipidemia�in�those�with�CVD�could�be�due�to�lipid-lowering�medi-
cation�use,�which�is�a�first-line�agent�in�the�prevention�of�future�CVD�events�in�
those�previously�diagnosed�with�CVD.�Thorough�analysis�of�medication�usage�
is�beyond�the�scope�of�this�paper�but�is�an�area�for�future�research.�We�found�that�
non-Hispanic� black� and�Hispanic�participants�made�up� a� greater�proportion�
of� the�high-risk�category� than� the� low-risk�category,�and�vice�versa,� for�non-�
Hispanic�white�participants.�In�addition,�high-risk�participants�were�more�likely�
to�be�obese�and�to�have�DM�or�hyperglycemia.

This�study�has�many�strengths.�Data�come�from�HRS,�a�large�and�represen-
tative�sample�of�older�US�adults.�Measures�of�key�laboratory�variables,�including�
CRP�and�lipids,�were�obtained�using�a�standard�protocol.�HRS�contains�a�wealth�
of�information�on�covariates,�allowing�the�analyses�to�be�controlled�for�poten-
tial�confounders�of�the�association.�Limitations�of�this�study�include�the�absence�
of�longitudinal�hypertensive,�lipid,�inflammatory,�and�cardiovascular�data.�An�
analysis�of�this�longitudinal�data�would�provide�insight�into�the�temporal�order�
of�CVD�risk�factors�and�CVD�and�thus�can�support�causal�relationships�between�
these� variables.� In� addition,� CVD,� obesity,� smoking� status,� DM� or� hypergly-
cemia,�and�HTN�are�all�self-reported�from�participants,�and�these�data�can�be�
influenced�by�memory,�social�desirability�bias,�and�absence�of�diagnosis.�Smok-
ing�status�and�obesity�are�highly�variable�across�individuals,�and�with�a�yes/no�
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metric,�it�is�difficult�to�ascertain�the�severity�of�these�variables�(i.e.,�how�many�
pack-years�and�overall�BMI).�Other�lifestyle�information,�such�as�physical�activ-
ity,�diet,�and�stress,�which�are�all�independent�factors�in�development�of�CVD�
(Osborne�et�al.,�2020;�Li�&�Siegrist,�2012;�Casas�et�al.,�2018),�was�not� included�
as�covariates.�Furthermore,�pharmacological�interventions�are�not�analyzed,�as�
it�is�outside�the�scope�of�this�study.�Finally,�biomarkers�that�have�been�shown�
to�more�accurately�predict�CVD�risk,�such�as�LDL�particle�size,�Lipoprotein(a),�
and�Apolipoprotein�B,�were�not�available�for�analysis�in�HRS�(Lamarche�et�al.,�
1997;�Behbodikhah�et�al.,�2021;�Duarte�Lau�&�Giugliano,�2022).�Future�studies�
should�focus�on�implementing�a�variety�of�lifestyle�factors�and�above-mentioned�
biomarkers�on�top�of�the�CVD�risk�factors�examined�in�this�study�to�develop�a�
comprehensive�score�of�CVD�risk.

Conclusion

The�co-occurrence�of�HTN,�dyslipidemia,�and�elevated�CRP�was�associated�with�
CVD�prevalence� in� a� representative� sample� of� older�US� adults.�Our� findings�
emphasize�the�importance�of�multifactor�screening�for�assessing�CVD�risk�in�the�
clinical�setting.
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