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Abstract: Background: Both hypertension and carotid atherosclerosis are independent risk factors for
cardiovascular disease. Understanding their combined impact could enhance risk assessment and management
strategies. Hypothesis: We hypothesized that the synergistic effects of hypertension and carotid plaques would
increase the risk of both cardiovascular events and all-cause mortality. Methods: A follow-up study was
conducted at the Preventive Cardiology department of Vilnius University Hospital Santaros klinikos between
2012 and 2021. The study recruited participants aged 40-60 who did not have overt CVD and were part of the
Lithuanian High Cardiovascular Risk primary preventive program. The study collected demographic and
clinical data, including an ultrasound assessment of carotid plaque. The participants were monitored for 4-10
years for CVD events and all-cause mortality. Rsults: Among 6,138 participants, 954 (16%) experienced
cardiovascular disease (CVD) events. The presence of carotid plaque on both sides was significantly associated
with CVD events, myocardial infarction, and all-cause mortality. However, the combination of hypertension
and carotid plaque did not significantly increase the risk for CVD events, stroke, or all-cause mortality.
Conclusion: The combination of hypertension and carotid plaque did not significantly increase the risk of
CVD events or all-cause mortality. CV events depend on the spread of the atherosclerosis process in the carotid
vessels.
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1. NTRODUCTION

Cardiovascular diseases (CVDs) remain the leading cause of mortality, accounting for
approximately 17.9 million deaths in 2016, representing 31% of all global deaths[1]. Atherosclerosis,
characterized by the accumulation of lipid-rich plaques within arterial walls, and arterial
hypertension are two prevalent cardiovascular conditions that significantly impact public health
worldwide. Recent observations established that atherosclerosis is the leading cause of vascular
disease globally [2,3]. Large cohort studies have consistently shown that individuals with
atherosclerotic plaques face a 1.3 to 2.8 times higher risk of CVD compared to those without plaques
[4-7].

High blood pressure (BP) is a major risk factor for the development of CVD [8-10]. Longitudinal
studies, genetic epidemiological studies, and randomised controlled trials (RCTs) have shown that
raised BP is a major cause of both atherosclerotic cardiovascular disease (ASCVD) and non-
atherosclerotic CVD (particularly heart failure), accounting for 9.4 million deaths and 7% of global
disability-adjusted life-years [10].

In theory, patients with both hypertension and atherosclerotic plaques may face an even higher
risk of CVD events compared to those with only one of these risk factors. However, scientific reports

and empirical data specifically examining the combined effects of hypertension, atherosclerotic
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plaques, and CVD, as well as their impact on all-cause mortality, are lacking. To address this
knowledge gap, in our study we examined whether the presence of both risk factors is associated
with an increased incidence of CVD events and all-cause mortality.

2. METHODS

2.1. Study design and Population

This retrospective study was conducted at Vilnius University Hospital Santaros klinikos
Preventive Cardiology department from 2012 to 2021. Permission for the study was obtained from
the Vilnius Regional Committee of Bioethics. All participants signed the informed consent. Attendees
were selected from the Lithuanian High Cardiovascular Risk primary preventive program. The data
were collected from the database. The preventive program recruited indivuals aged 40 — 60 without
overt cardiovascular disease. The exclusion criteria (not enrolement into the program) were: a history
of myocardial infarction and/or ischemic stroke, atherosclerotic heart disease, heart failure, chronic
kidney disease of stage 4 or 5 or undergoing dialysis, those with active infectious diseases, and
treatment for malignant diseases.

2.2. Data Collection

Demographic data, encompassing age and sex were collected. Smoking status was recorded
based on participants’ self-reports, categorized into 4 groups: (a) non-smoker; (b) smokes less than 10
cigarettes/day; (c) smokes 10 or more cigarettes/day; (d) quit smoking. Hypertension was identified
by the presence or history of hypertension, use of antihypertensive medication, or systolic blood
pressure (SBP) 2140 mm Hg or diastolic blood pressure (DBP) 290 mm Hg. Blood pressure was
measured using a manual sphygmomanometer (Riester precisa® N Sphygmomanometer, Germany).
A cuff was positioned on the upper arm while sitting, according to all recommendations from the
European Society of Cardiology Guidelines for managing arterial hypertension [12]. Diabetes
mellitus was defined by the presence or history of diabetes, current insulin or oral hypoglycemic
agent treatment, or fasting blood glucose (FBG) level 7.0 mmol/L. A range of different clinical
parameters essential for cardiovascular health were assesed. These parameters included heart rate,
body mass index (BMI), total cholesterol level, high-density lipoprotein (HDL) cholesterol level, low-
density lipoprotein (LDL) cholesterol level, triglyceride concentration, intima-media thickness (IMT)
of arterial walls, presence of atherosclerotic plaques, and a history of stroke and myocardial infarction
among the subjects.

2.3. Carotid-Cranial Plaque Assessment

All study participants underwent bilateral carotid duplex ultrasound . Carotid wall assessment
was performed using the Art.Lab system (Esaote Europe B.V. located in Maastricht, The
Netherlands). The intima-media thickness within the common carotid artery was measured six times
over a segment of at least 15 mm. Carotid artery plaque is defined as a localized structure that
encroaches into the arterial lumen by at least 0.5 mm or 50% of the surrounding intima-media
thickness (IMT) value, or demonstrates a thickness exceeding 1.5 mm. Measurements are taken from
the media-adventitia interface to the intima-lumen interface.

2.4. Follow-Up and Outcomes

Participants were followed up throughout 2021 for the main outcome of incident ischemic stroke
(International Classification of Diseases, Tenth Revision [ICD-10], code 163.x), myocardial infarction as
well as 2 secondary outcomes: composite end point MACE (nonfatal ischemic stroke [code 163.x],
nonfatal myocardial infarction [code 121.x], and cardiovascular death [all codes I and R96]) and all-
cause mortality. The outcome variables were based on individual-level data from the mandatory
Lithuanian Patient Registry (LPR) and the Lithuanina Cause of Death Registry.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 April 2024 d0i:10.20944/preprints202404.0273.v1

2.5. Statistical Analysis

Continuous variables are given as mean+SD or as median and interquartile range, as
appropriate, whereas categorical variables are presented as number and percentage. The Mann-
Whitney U test was used for comparison of nonnormally distributed continuous variables, the
Student ¢-test was used for comparison of normally distributed continuous variables, and the x? test
was used for comparison of categorical variables. Cox proportional hazards regression was
employed to estimate the risks of events, calculating hazard ratios (HR) and 95% confidence intervals
(CI). A p-value < 0.05 was considered as significant. Statistical analyses were conducted using Stata
(StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX: StataCorp LP.).

3. RESULTS

3.1. Baseline Characteristics of the Study Population, CV Events and All-Cause Mortality

The data of 6,138 participants were analyzed, of which 3,571 were males (58%) and 2,567 were
females (42%).Among the total subjects, 5,184 (84%) had no CV events, while 954 (16%) experienced
CV events (49 participants (5.14%) had a MI, 128 participants (13.42%) had a stroke and 18 individuals
(1.89%) experienced CV death). The comparison was conducted between the two cohorts (with and
without CV events). The median age of patients with CV events was slightly higher than those
without; this difference was statistically significant. There was a higher percentage of males in the
group with CV events than those without, which was statistically significant. The distribution of
smoking habits between the two groups was not significantly different. A higher percentage of
patients with CV events had diabetes compared to those without, indicating a significant association.
TC, LDL-C, and HDL-C levels showed small but statistically significant differences between the two
groups. Patients with CV events had a higher median carotid intima-media thickness. The two
groups found No significant differences between systolic and diastolic blood pressure. The group
without cardiovascular (CV) events had a higher prevalence of carotid plaque on one side. In
comparison, the group with CV events had a significantly higher prevalence of carotid plaque on
both sides.The results are presented in Table 1.

Table 1. Baseline characteristics of the study population and incidence rate of adverse outcomes.

Population for Analysis, N=6138

Characteristic
Without CV Event, N=5184 With CV Event, N=954 p-value
Follow-up (years) 6.03 (4.27, 8.94) 8.38 (5.65, 9.55) <0.001
Age (years) 53 (48, 58) 54 (50, 59.75) <0.001
Sex:
Male (%) 2964 (57.18) 607 (63.63)
<0.001
Female (%) 2220 (42.82) 347 (36.37)
Smoking:
Non-smoker (%) 3625 (70.62) 651 (68.60)
<10 cig./day (%) 538 (10.48) 106 (11.17)
210 cig./day (%) 643 (12.53) 122 (12.86) 0.5
Quit smoking (%) 327 (6.37) 70 (7.38)
Unknown 51 5

Heart rate (bpm) 66 (60, 73) 65 (59, 73) 04
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4
FBG (mmol/l) 6.02 (5.66, 6.55) 6.01 (5.6, 6.63) 0.6
Systolic BP (mm
138 (129, 148) 138 (129, 149) 0.8
Hg)
Diastolic BP (mm
84 (77, 91) 83 (76.25, 90) 0.3

Hg)
PAH:
Yes (%) 4818 (92.94) 900 (94.34)

0.12
No (%) 366 (7.06) 54 (5.66)
BMI 31.55 (28.93, 34.6) 31.59 (28.72, 34.67) 0.8
Diabetes:
Yes (%) 888 (17.13) 213 (22.33)

<0.001
No (%) 4296 (82.87) 741 (77.67)
TC (mmol/l) 6.2 (5.37,7.12) 6.32 (5.49, 7.3) 0.014
LDL-C (mmol/l)  4.03 (3.26, 4.79) 4.1 (3.33,4.91) 0.017
HDL-C (mmol/l) 1.16 (0.99, 1.37) 1.13 (0.97,1.34) 0.02
CIMT 659.5 (596.5, 731) 671.75 (602.62, 742.88) 0.004
Carotid plaque:
Yes (%) 2438 (47.03) 431 (45.18)

<0.001
No (%) 2746 (52.97) 523 (54.82)
Carotid plaques on both sides:
Yes (%) 1008 (19.44) 222 (23.27)

0.007
No (%) 4176 (80.56) 732 (76.73)
MI:
Yes (%) 0(0) 49 (5.14)
No (%) 5184 (100) 905 (94.86)
Stroke:
Yes (%) 0(0) 128 (13.42)
No (%) 5184 (100) 826 (86.58)
CV death:
Yes (%) 24 (0.46) 18 (1.89)

<0.001
No (%) 5160 (99.54) 936 (98.11)

Abbreviations: BMI, body mass index; BP, blood pressure; CIMT, Carotid intima-media thickness; CV,
cardiovascular; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; MI, myocardial infarction; PAH, primary arterial hypertension, TC, total cholesterol.

Participants were also categorized into 3 groups: (a) hypertension only; (b) carotid plaque only;
(c) hypertension with carotid plaque. These groups were compared to patients who did not have
neither hypertension nor carotid plaque. Th e results showed (Figure 1) that participants with carotid
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plaque alone and those with hypertension and carotid plaque exhibited the same risk of
cardiovascular events, On the other hand, participants without carotid plaque but with
hypertension had the same all-cause mortality rate as those without both hypertension and
carotid plaque. However, the small number of events in the study meant that the results did not
have statistical significance. The detailed results of the multivariable Cox proportional hazards
regression analysis can be found in Table 2. Only carotid plagues on both sides are statistically
significant for ardiovascular events, myocardial infarction, and all-cause mortality.
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Figure 2. Cardiovascular events.
Table 2. Multivariable Cox regression analysis for advers eoutcomes.
CV events Stroke Ml All-cause mortality
Characteristic HR (95%
HR (95% CI) p-value p-value HR (95% CI) p-value HR(95%CI) p-value
(@)}
Carotid plaque 1.486 (0.865; 1.02 (0.227; 1.237(0.174;
0.151 0.979 - - 0.812
(yes) 2.553) 4.585) 8.813)
Hypertension 1.081 (0.719; 0.987 (0.352; 2.525 (0.618;
0.709 0.971 - - 0.197
only 1.624) 2.736) 10.322)
Hypertension
1.393 (0.927; 1.172 (0.42; 2.758 (0.674;
with carotid 0.111 0.762 - - 0.158
2.094) 3.271) 11.281)
plaque (yes)
Carotid plagues
1.203 0.845 2.222 1.588
on both sides 0.02 0.482 0.009 0.006
(1.03;1.406) (0.527;1.353) (1.218;4.0054) (1.143;2.206)

(YES)

Abbreviations: CV, cardiovascular; HR, hazard ratio; MI, myocardial infarction.

4. DISCUSSION

Both hypertension and carotid atherosclerosis are risk factors for cardiovascular disease.
However, it's important to understand that they are part of a broader network of metabolic issues.
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This cluster includes factors such as dyslipidemia, diabetes, obesity, chronic inflammation,
arteriosclerosis, and unhealthy lifestyle habits. The aim of our research was to investigate whether
the combined effects of carotid plaques and hypertension increased the risks of CVD and all-cause
mortality.

Our study did not find a significant increase in CVD events, stroke, myocardial infarction, or all-
cause mortality when hypertension and atherosclerotic plaques were combined. In contrast, a study
by Wen Li (5) showed that the combination of hypertension and atherosclerotic plaques increased
the risk of CVD events and all-cause mortality, particularly cerebral infarction, compared to those
without these factors.

Our findings challenge the common belief that the coexistence of these two conditions would
synergistically increase the risk of adverse cardiovascular outcomes. It suggests that the interaction
between hypertension and atherosclerotic plaques may be more complex than previously
thought.Interestingly, our study found that the presence of carotid plaques on both sides significantly
increases the risk for cardiovascular events, myocardial infarction, and all-cause mortality, except
stroke . This finding underscores the importance of carotid plaques as a risk factor for adverse
cardiovascular outcomes. It suggests that bilateral carotid plaques may be a stronger predictor of
these outcomes than the combination of hypertension and atherosclerotic plaques.

Our findings are consistent with previous research that has emphasized the significance of
carotid plaques, particularly bilateral ones, in predicting cardiovascular events, myocardial
infarction, and all-cause mortality.

A study of Hakon Ihle-Hansen et al (6)_found that the presence of carotid plaques scores was a
strong predictor of ischemic stroke and major adverse cardiovascular events. Another study Li
Hongwei also supports our findings. The study states that plaque properties, including location,
number, density, and size, become more important risk predictors for cardiovascular disease (7).

These studies suggest that the presence of carotid plaques, especially on both sides, could be a
stronger predictor of adverse cardiovascular outcomes than the combination of hypertension and
atherosclerotic plaques. This underscores the importance of comprehensive risk assessment that
takes into account not only traditional risk factors such as hypertension but also the presence and
extent of carotid plaques.

5. Conclusions

These findings underscore the importance of a comprehensive risk assessment that considers
not only traditional risk factors such as hypertension but also the presence and extent of carotid
plaques. Therefore, future research and clinical practice should focus on these aspects to better
predict and manage cardiovascular risks.
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