
World Journal of Cardiovascular Diseases, 2019, 9, 92-108 
http://www.scirp.org/journal/wjcd 

ISSN Online: 2164-5337 
ISSN Print: 2164-5329 

 

DOI: 10.4236/wjcd.2019.92010  Feb. 20, 2019 92 World Journal of Cardiovascular Diseases 

 

 
 
 

Atherosclerotic Cardiovascular Disease 
Short-Term Risk Estimate among Civilian 
Licensed Aircrew 

Nathan B. Buila1,2, Jean-Marc B. Bantu3, Gilbert K. Kabanda1, Pascal M. Bayauli4,  
Aliocha N. Nkodila5, François B. Lepira6, Symphorien M. Ditu4, Jean-René M’Buyamba-Kabangu1* 

1Division of Cardiology and Hypertension, Kinshasa School of Medicine, University of Kinshasa, Kinshasa, DR Congo 
2Civil Aviation Authority, Kinshasa, DR Congo 
3Departments of Cardiology, Chirec Clinics, Brussels, Belgium 

4Division of Endocrinology and Metabolic Diseases, Kinshasa School of Medicine, University of Kinshasa, Kinshasa, DR Congo 
5Centre Médical Cité des Aveugles, Kinshasa, DR Congo 
6Division of Nephrology, Kinshasa School of Medicine, University of Kinshasa, Kinshasa, DR Congo 

 
 
 

Abstract 

Background: Flight and cabin crew are known to be at increased risk for 
atherosclerotic cardiovascular disease (ASCVD). However, ASCVD risks have 
not yet been compared in flight and cabin crew in low resource settings like 
sub-Saharan Africa. Objectives: To assess absolute ASCVD risk estimate and 
its clinical correlates among flight and cabin crew. Methods: From June 1st 
2015 to December 30th 2015, 379 consecutive aviation navigants (Flight crew: 
62.5%, pilots: 46.2%, women: 29.6%, Caucasians 23.2%) were enrolled in a 
cross-sectional survey of ASCVD risk estimate using the Framingham tools. 
They underwent a physical examination for either initial or renewal medical 
certificate Class 1 or 2 including blood chemistry, ECG, and echocardiogram 
as per International Civil Aviation Organization (ICAO) and Civil Aviation 
Authority (CAA-DRC) medical regulations. We modeled the risk of moderate 
and high ASCVD estimate in a stepwise logistic regression. Results: Low, 
moderate and high ASCVD risk estimates were observed respectively in 248 
(65.4%), 64 (16.9%), and 67 (17.7%) navigants. Moderate and high ASCVD 
risk estimates predominated among flight than cabin crew (23.6% vs. 5.6%; p 
< 0.0001 and 28.3% vs. null; p < 0.001), low ASCVD risk estimate among ca-
bin than flight crew (94.4% vs. 48.1%; p ≤ 0.001). Low ASCVD risk estimates 
were mostly encountered in Blacks (86.5%) and moderate in Caucasians 
(43.8%). Clinical correlates of moderate ASCVD risk estimates included be-
ing flight crew (adjusted OR 3.33 [1.42 - 7.81]; p = 0.006), Caucasian (ad-
justed OR 2.71 [1.43 - 5.15]; p = 0.002), and having proteinuria (adjusted OR 
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5.78 [2.38 - 14-01]; p < 0.001). For high ASCVD risk estimate, the main asso-
ciated factors were total flight time ≥ 5000 h (3.71 [3.67 - 5.17]; p < 0.001), 
overweight/obesity (adjusted OR 2.10 [1.48 - 9.20]; p = 0.033), high resting 
HR (adjusted OR 2.85 [1.51 - 5.98]; p = 0.023), LVH (adjusted OR 4.50 [1.13 - 
7.94]; p = 0.032) and high serum uric acid (adjusted OR 3.66 [1.49 - 5.61]; p = 
0.041). Conclusion: In the present case series, moderate and high ASCVD 
risk estimates were present in 3 out of 10 navigants and racial, traditional risk 
factors and flight crew status were the main correlates of these ASCVD risk 
estimates. 
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1. Introduction 

Atherosclerotic Cardiovascular Diseases (ASCVDs) are associated with an in-
creased risk of disability and premature mortality especially in developing coun-
tries such as those of Sub-Saharan Africa (SSA) [1]. Therefore, prevention, 
screening and early management of ASCVDs have been recommended as a ra-
tionale strategy to alleviate the burden of ASCVDs on individuals, families and 
communities [1]. The implementation and success of such a strategy require the 
identification of groups at risk for CVD and associated risk factors. Likewise, the 
Work Group’s Approach to Risk Assessment strongly argues for sustained re-
search related to short-and long term ASCVD risk in various groups [2]. Due to 
less physical activity associated with their professional life, the aircrew could be 
considered as a group at high ASCVD risk. To this regard, ASCVDs are the 
leading etiology of loss of license, disqualifying a person to carry out aeronauti-
cal duties [3]. In addition, ASCVDs linked to unexpected in-flight medical inca-
pacitation or impairment account for half of human factor-related causes of avi-
ation accidents [4]. Moreover, 10 of the 98 in-flight medical events addressed by 
the Australian Transport Safety Bureau between 1 January 1975 and 31 March 
2006, consisted of heart attack explaining the high-observed mortality rate [5]. 
Thus, International Civil Aviation Organization (ICAO) recommends to coun-
try members to use routinely homogeneous cardiovascular likelihood manage-
ment recommendations and ASCVD likelihood estimate scores in aeromedical 
risk assessment to help alleviating morbidity and mortality in aeronautical set-
ting (area). 

In the Democratic Republic of the Congo (DRC), screening for aircrew is per-
formed by Aero-Medical Examiners (AMEs) working with Aeronautical Medical 
Centers (AMCs) accredited by the Civilian Aviation Authority (CAA)-DRC. We 
took advantage of the activities of these centers to carry out the present survey to 
assess ASCVD risk estimate in aircrew (flight vs. cabin crew). We hypothesized 
that ASCVD risk estimate in flight crew is higher than that in cabin crew. 
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2. Methods 

From June 1st 2015 to December 30th 2015, licensed aircrew attending Congolese 
AMCS’ appointed by the CCA-DRC for their initial or renewal of aeromedical 
license were consecutively enrolled in a cross-sectional survey of ASCVD risk 
assessment. According to ICAO and CAA/DRC regulations, aircrew was catego-
rized as Flight (Pilots and flight engineers) and cabin crew. For each navigant, 
trained medical team using ad hoc questionnaire collected socio-demographic 
data (age, gender, total flight time, aircrew license held), medical background 
(kin, history of hypertension and diabetes) and information on lifestyle (alcohol 
and tobacco intake, and physical activity) after an oral informed consent had 
been obtained.  

A succinct physical examination including anthropometric (height, weight, 
waist circumference, hip circumference) and BP measurements was performed. 
Weight and height were measured using a FAZZINI scale (Italy), and a tape 
measurer, respectively, the subject lightly clothed and barefooted. Waist circum-
ference (WC) was measured at the least respiration to the nearest centimeter at 
the partway of the inferior rib margin and the anterior superior iliac crest, in the 
standing position. The body mass index (BMI) was calculated as weight in kilo-
gram (Kg) divided by the square of height in meters (m2). Overweight and obes-
ity were defined as BMI between 25.0 kg⋅m−2 and 30 kg⋅m−2 or more than 30 
kg⋅m−2, respectively [6]. Abdominal obesity was defined in the Africans as WC > 
94 cm in men and >80 cm in women and in Caucasians as WC > 102 cm in men 
and >88 cm in women [7]. According to 2018 European Society of Hypertension 
(ESH) and European Society of Cardiology (ESC) guidelines, seated BP was 
measured after 5 minutes rest on the left arm using an automatic certified device 
(OMRON M6, HEM 7001) [8]. Three readings 3 minutes apart were made and 
the average of the three readings was considered for data analysis. Hypertension 
was defined as BP of at least 140 mmHg systolic and/or 90 mmHg diastolic, 
and/or use of high blood pressure lowering drugs [8].  

A 12-hour fasting venous blood sample was obtained for each participant for 
the measurement of glucose, total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-c), triglycerides (TG), blood urea nitrogen (BUN), creatinine, 
and uric acid. Low-density lipoprotein cholesterol (LDL-c) was calculated using 
the Friedewald formula [9]. Dyslipidemia was defined as TC > 200 mg⋅dL−1, 
LDL-c ≥ 100 mg⋅dL−1, and/or HDL-c < 50 mg⋅dL−1 (women) or 40 mg⋅dL−1 (men). 
Type-2 diabetes mellitus (T2DM) was a fasting blood glucose > 126 mg⋅dL−1, 
and/or a self-reported diagnosis, and/or the use of hyperglycemic lowering me-
dications; impaired glucose intolerance was fasting blood glucose between 100 
and 126 mg⋅dL−1 [10]. According to International Diabetes Federation (IDF), 
metabolic syndrome (MetS) was defined as the presence of abdominal adiposity 
associated with at least two of the following characteristics: BP > 130/85 mmHg 
and/or use of high blood pressure lowering drugs, fasting blood glucose > 100 
mg⋅dL−1 and/or diagnosed T2DM, serum triglycerides > 150 mg⋅dL−1 or use of 
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lipid lowering drugs, HDL cholesterol < 50 mg⋅dL−1 in women or <40 mg⋅dL−1 in 
men [11]. Semi quantitative proteinuria was assessed using dipstick test (Medi 
Test Combi 9, Du ̈ren, Germany) and dipstick 1+ defined positive proteinuria.  

A resting 12-lead electrocardiogram (ECG) was performed to measure heart 
rate. An echocardiography (GE Logic 5) with M-mode, 2D, pulsed, and col-
or-flow doppler functions was used to measure the left atrium diameter, aortic 
diameter, left ventricle (LV) internal diameter at end diastole (LVIDd) and at 
end of systole (LVIDs), the posterior wall thickness at end diastole (PWTd) and 
at end systole (PWTs), and the septum thickness at end diastole (STd) and at 
end systole (STs). We applied appropriate formulas [12] to compute LV mass 
indexed (LVMI), LV hypertrophy (LVH), systolic and diastolic ventricular dys-
functions. 

A short (10-year) ASCVD risk estimate was generated and vascular heart age 
was calculated using recommended Framingham Heart Study chart, a risk pre-
diction model assigning weight (points) to traditional risk factors for ASCVD 
such as age, total cholesterol (mg/dL), HDL-cholesterol (mg/dL), treated or un-
treated SBP (yes or no), smoking status (yes or no), and T2DM (yes or no) [13]. 
Likewise, the mentioned variables have not been accounted in our multivariate 
stepwise model. ASCVD risk estimate was considered as low (≤6%), moderate 
(between 6% and 9%), or high (≥10%) [14]. Heart age/vascular has been classi-
fied as less than 40 years, between 40 and 49 years, between 50 and 59 years, and 
60 years or higher. 

Statistical Methods 

Data were presented as frequencies or mean ± standard deviation as applicable. 
The Student’s t-test was used to compare means and the Pearson’s Chi-squared 
or Fisher’s exact test as appropriate for proportions. The adjusted odd ratio val-
ues and 95% of confidence interval were determined. We modeled the risk of 
moderate and high ASCVD estimate in a stepwise logistic regression. Analyzes 
were performed using the Statistical Package for Social Sciences version 17.0 
(SPSS Inc., Chicago, IL), and the significance level was set at p < 0.05. 

3. Results 

The aircrew-studied population comprised of 379 individuals average age 40 
years, (extremes 19 and 70 years) with Caucasians, females, and flight crew 
representing 23.2%, 29.6%, and 62.5% of the sample, respectively. Clinical and 
biological baseline characteristics according to their ASCVD risk estimate cate-
gories (low, moderate, and high) by the Framingham risk score are depicted in 
Table 1 and in Table 2.  

Overall, ASCVD risk estimate was low in 248 (65.4%), whilst 64 (16.9%) and 
67 (17.7%) had moderate or high ASCVD risk estimate, respectively. High ASCVD 
risk estimate included 61.2% Blacks, 88.6% pilots with 5000 hours or more. But 
neither female nor cabin crew had high ASCVD risk estimate; p < 0.001 (Table 1).  
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Table 1. Baseline characteristics of the aircrew according to their ASCVD risk estimate 
categories. 

 
ASCVD risk estimate 

Characteristic 
Low Moderate High 

P 
(n = 248, 65.4%) (n = 64, 16.9%) (n = 67, 17.7%) 

Age, mean (SD) 33.5 (8.3) 49.8 (7.9) 58.1 (6.0) <0.001 

Age, n (%) 
   

<0.001 

<40 y 193 (77.8) 6 (9.4) 0 (0.0) 
 

40 - 59 y 54 (21.8) 52 (81.3) 34 (50.7) 
 

≥60 y 1 (0.4) 6 (9.4) 33 (49.3) 
 

Sex, n (%) 
   

<0.001 

Man 139 (56.0) 61 (95.3) 67 (100.0) 
 

Women 109 (44.0) 3 (4.7) 0 (0.0) 
 

Race, n (%) 
   

<0.001 

Black 214 (86.3) 36 (56.3) 41 (61.2) 
 

White or other 34 (13.7) 28 (43.8) 26 (38.8) 
 

Aircrew category, n (%) 
   

<0.001 

Flight crew 114 (46.0) 56 (87.5) 67 (100.0) 
 

Cabin crew 134 (54.0) 8 (12.5) 0 (0.0) 
 

Total flight time, hours 4153.3 (4130.7) 8553.7 (5847.9) 13343.3 (6112.8) <0.001 

Total flight time, hours 
   

<0.001 

<5000 61 (69.3) 15 (34.9) 5 (11.4) 
 

≥5000 27 (30.7) 28 (65.1) 39 (88.6) 
 

Tobacco, cigarettes 5.6 (4.2) 6.3 (2.3) 6.8 (4.1) 0.401 

Alcohol, mean (SD), gram 23.7 (13.6) 21.8 (9.7) 25.3 (13.2) <0.001 

Systolic blood pressure, mmHg 114.9 (14.0) 129.2 (12.8) 139.4 (20.1) <0.001 

Diastolic blood pressure, mmHg 73.3 (8.8) 83.4 (9.5) 86.4 (11.2) <0.001 

Mean blood pressure, mmHg 86.3 (9.7) 98.1 (10.70 103.6 (13.4) <0.001 

Pulse pressure, mmHg 41.7 (10.7) 45.9 (9.7) 53.0 (13.8) 0.705 

Body mass index, kg/m2 25.5 (4.3) 28.2 (3.9) 28.7 (4.3) <0.001 

Waist-to-hip ratio 0.87 (0.06) 0.92 (0.06) 0.93 (0.06) <0.001 

Heart rate, bpm 68.7 (10.5) 68.8 (15.1) 73.7 (17.4) 0.017 

Fasting blood glucose, mg/dL 85.3 (16.9) 88.2 (22.4) 86.9 (23.0) 0.515 

Total cholesterol, mg/dL 170.5 (37.7) 183.2 (51.6) 166.6 (52.9) 0.06 

Serum uric acid, mg/dL 6.1 (1.8) 6.2 (1.8) 6.6 (1.9) 0.26 

Lipids, mg/dL 512.9 (151.5) 535.1 (176.9) 514.8 (173.8) 0.707 

high-density  
lipoprotein-cholesterol, mg/dL 

65.6 (22.8) 59.4 (22.0) 54.1 (17.6) <0.001 

low-density  
lipoprotein-cholesterol, mg/dL 

83.6 (49.0) 94.7 (48.5) 90.4 (42.9) 0.198 
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Continued 

Triglycerides, mg/dL 98.7 (73.5) 127.6 (99.7) 86.4 (47.0) 0.005 

Creatinine, mg/dL 1.03 (0.25) 1.02 (0.24) 1.05 (0.24) 0.765 

Blood Urea Nitrogen, mg/dL 25.3 (10.9) 22.3 (8.9) 25.5 (10.3) 0.116 

Estimated glomerular filtration 
rate, mL/min/1.73 m2 

99.8 (26.7) 93.4 (22.8) 87.4 (20.2) 0.001 

Data are expressed as mean (standard deviation), absolute frequency (n), and relative frequency (in per-
cent). Abbreviations: ASCVD: Atherosclerotic cardiovascular disease.  

 
Table 2. CVD risk factors in licensed aircrew according to their ASCVD risk estimate.  

Characteristics 

ASCVD risk estimate 

Low Moderate High 
p 

n = 248 n = 64 n = 67 

Tobacco use 36 (14.5) 15 (23.4) 29 (43.3) <0.001 

Alcohol use 162 (65.3) 48 (75.0) 49 (73.1) 0.204 

Physical inactivity 199 (80.2) 62 (96.9) 67 (100.0) <0.001 

Hypertension 27 (10.9) 27 (42.2) 43 (64.2) <0.001 

Abdominal obesity 133 (53.6) 43 (67.2) 48 (71.6) 0.01 

Overweight 81 (32.7) 28 (45.3) 32 (47.8) <0.001 

Obesity 43 (17.3) 22 (34.4) 26 (38.8) <0.001 

Types-2 diabetes mellitus 2 (0.8) 3 (4.7) 6 (9.0) 0.001 

Impaired glucose tolerance 45 (18.1) 11 (17.2) 8 (11.9) 0.487 

High serum uric acid 27 (13.4) 9 (17.6) 14 (29.8) 0.03 

Dyslipidemia 137 (55.2) 41 (64.1) 47 (70.1) 0.06 

Diastolic dysfunction 25 (10.1) 6 (9.4) 8 (11.9) 0.879 

Metabolic syndrome 26 (10.5) 15 (23.4) 22 (32.8) <0.001 

Renal failure 14 (5.6) 5 (7.8) 4 (6.0) 0.734 

Proteinuria 15 (6.0) 12 (18.8) 2 (3.0) 0.002 

Data are expressed as absolute frequency (n), and relative frequency (in percent). Abbreviations: ASCVD: 
Atherosclerotic cardiovascular disease. 

 
Among flight crew, 48.1%, 23.6% and 28.3% had respectively a low, moderate 

and high ASCVD risk estimate. This differs (p < 0.001) from the results among 
cabin crew in whom a larger proportion (94.4%) had low risk, whilst respectively 
5.6%, and 0.0% had moderate or high ASCVD risk estimate (Figure 1).  

ASCVD risk estimate was associated with aging and total flight time. Globally, 
aircrew members with low ASCVD risk were younger than those with moderate 
or high risk (Table 1). Indeed, low ASCVD risk estimate predominated among 
subjects less than 40 years (77.8%), moderate risk estimate among those aged 40 
- 59 years (81.3%), and high ASCVD risk estimate among those aged 60 and 
older (49.3%). Similarly, in pilots ASCVD risk estimate linearly increased (p <  

https://doi.org/10.4236/wjcd.2019.92010


N. B. Buila et al. 
 

 

DOI: 10.4236/wjcd.2019.92010 98 World Journal of Cardiovascular Diseases 

 

 
(a) 

 
(b) 

Figure 1. Prevalence of low, moderate, and high ASCVD risk estimate in flight (n = 237) 
(a) and cabin crew (n = 142) (b). 
 
0.001) with the flight time from low (69.3%) in those with less than 5000 hours 
to high (88.6%) among those with 5000 hours more (Table 1).  

Globally, the majority of Blacks were at low ASCVD risk estimate whilst Cau-
casians were at moderate ASCVD risk estimate, p < 0.001. The respective preva-
lence of low, moderate and high ASCVD risk estimate in Black vs Caucasian air-
crew amounted to 86.3% vs 13.7%, 56.3% vs 43.8%, and 61.2% vs 38.8% (Table 
1).  

The value of SBP, DBP, MBP, BMI, WHR, and heart rate were greater in sub-
jects with high ASCVD risk estimate compared to those with low and moderate 
ASCVD risk estimate whilst eGFR and HDL-c showed an inverse trend. On the 
other hand pulse pressure, uric acid, lipid, LDL-c, creatinine, and BUN were 
similar in all categories of ASCVD risk estimate, p ≥ 0.116 (Table 2).  

The rate of tobacco use, hypertension, T2DM, overall and abdominal adiposi-
ty; and moreover, physical inactivity, high serum uric acid and metabolic syn-
drome increased with the categories of ASCVD risks, p ≤ 0.03 or less (Table 2).  

ECG and echocardiographic profiles are depicted in Table 3 according to 
ASCVD risk estimate categories. In comparison to aircrew with low and mod-
erate ASCVD risk estimate, those with high ASCVD risk estimate had faster 
resting heart rate, greater QTc, aortic diameter, LAD, LVIDd, STd, PWTd, and 
LVMI, p ≤ 0.001. Thus the rate of LVH increased with the categories of ASCVD 
risk estimate. Concentric pattern of LVH was present in 2.8%, 3.6%, and 31.7% 
for aircrew with low, moderate, and high ASCVD risk estimate, respectively; 
these proportions were 1.4%, 3.6%, and none for eccentric pattern. Contrarily,  
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Table 3. ECG and echographic profiles of licensed aircrew according to ASCVD risk es-
timate.  

 
Atherosclerotic Cardiovascular Risk 

 

Characteristic 
Low Moderate High 

p 
(n = 248) (n = 64) (n = 67) 

ECG profiles 
    

Resting heart rate, mean (SD), bpm 68.71 (10.5) 68.78 (15.09) 73.69 (17.43) 0.017 

QTc, ms 380.88 (31.55) 387.16 (37.23) 395.95 (33.35) 0.003 

High resting heart rate, n (%) 11 (4.4) 4 (6.3) 8 (11.9) 0.002 

Echocardiographic profiles 
    

Aortic diameter, mm 29.5 (3.8) 32.0 (4.3) 32.7 (4.4) <0.001 

LAD, mm 30.6 (4.2) 32.5 (4.1) 34.0 (4.8) <0.001 

LViDd, mm 45.8 (4.7) 48.8 (4.9) 49.7 (4.7) <0.001 

LViDs, mm 22.9 (3.2) 24.4 (4.1) 24.7 (4.4) <0.001 

STd, mm 8.7 (1.3) 9.4 (1.4) 10.6 (2.4) <0.001 

STs, mm 16.1 (1.8) 16.8 (1.6) 17.6 (2.3) <0.001 

PWTd, mm 8.7 (1.3) 9.3 (1.5) 10.5 (2.3) <0.001 

PWTs, mean (SD), mm 15.5 (1.4) 15.9 (1.6) 16.9 (2.3) <0.001 

LVMI, mg/m2 70.5 (19.9) 80.5 (21.5) 98.0 (35.9) <0.001 

cLVEF, % 78.5 (4.4) 78.6 (4.9) 78.6 (6.2) 0.975 

Peak E-velocity, m/s 0.65 (0.07) 0.67 (0.09) 0.66 (0.09) 0.27 

Peak A-velocity, m/s 0.58 (0.07) 0.59 (0.07) 0.59 (0.9) 0.278 

E/A ratio 1.13 (0.13) 1.14 (0.16) 1.12 (0.14) 0.958 

DcT, ms 177.8 (15.7) 175.9 (16.2) 178.4 (16.6) 0.616 

Diastolic dysfunction, % 25 (10.1) 6 (9.4) 8 (11.9) 0.879 

LVH, % 6 (2.4) 3 (4.7) 15 (22.4) <0.001 

LV geometry 
   

<0.001 

Normal geometry, n (%) 178 (82) 42 (75) 37 (61.7) 
 

Concentric remodeling, n (%) 30 (13.8) 10 (17.9) 4 (6.7) 
 

Concentric hypertrophy, n (%) 6 (2.8) 2 (3.6) 19 (31.7) 
 

Eccentric hypertrophy, n (%) 3 (1.4) 2 (3.6) 0 (0) 
 

Data are expressed as mean (standard deviation), absolute frequency (n), and relative frequency (in per-
cent). Abbreviations: ASCVD: Atherosclerotic cardiovascular disease, ECG: electrocardiogram, LV: left 
ventricle, LVIDd: LV internal diameter at end diastole, LVIDs: LV internal diameter at the end of systole, 
LAD: left atrium diameter, PWTd: posterior wall thickness at end diastole, PWTs: posterior wall thickness 
at end systole, LVMI: LV mass indexed, LVH: LV hypertrophy, STd: septum thickness at end diastole, STs: 
septum thickness at end systole, cLVEF: Corrected LV ejection fraction, E: early diastolic mitral inflow ve-
locity, A: late diastolic mitral inflow velocity, DcT: Deceleration time.  

 
LVEF corrected, peak E-velocity, peak A-velocity, E/A ratio, and DcT were sim-
ilar in the categories of the ASCVD risks, p = 0.975 or higher (Table 3).  

Overall, the average aircrew vascular age was older than the chronological 
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one. Moreover, the average vascular age of flight crew (56.85 ± 16.6y), pilots at 
≥5000 flight hours (64.1 ± 13.6y), males (55.8 ± 16.6), Caucasians (59.9 ± 16.0y) 
was higher when compared to their counterparts (Figure 2).  

Table 4 depicts independent factors associated with moderate and high ASCVD 
risk estimate. In multivariate modeling, the odds to present moderate ASCVD 
risk estimate were higher for Caucasians (odd ratio: 2.71 [95% confidence inter-
val: 1.43 - 5.15]; p = 0.002), flight crew (3.33 [1.42 - 7.81]; p = 0.006), and prote-
inuria (5.78 [2.38 - 14-01]; p < 0.001). 

For high ASCVD risk estimate, factors independently associated were total 
flight time ≥ 5000 hours (3.71 [3.67 - 5.17]; p < 0.001), overweight/obesity (2.10 
[1.48 - 9.20]; p = 0.033), fast resting heart rate (2.85 [1.51 - 5.98]; p = 0.023), LVH 
(4.50 [1.13 - 7.94]; p = 0.032), and high uric acid (3.66 [1.49 - 5.61]; p = 0.041).  
 
Table 4. Independent determinants of moderate and high ASCVD risk estimate in mul-
tiple stepwise regression analysis. 

Characteristic Moderate ASCVD risk estimate High ASCVD risk estimate 

 
P OR (C.I.95%) P ORa (C.I.) 95%) 

Caucasians vs. African flight crew 0.002 2.71 (1.43 - 5.15) 0.346 1.57 (0.62 - 3.99) 

Total flight time, hours, ≥5000 vs. 
<5000   

<0.001 3.71 (3.67 - 5.17) 

Flight crew vs. Cabin crew 0.006 3.33 (1.42 - 7.81) 
  

Death before 50y in close relative, 
no vs. yes   

0.585 1.52 (0.34 - 6.87) 

Subclinic atherosclerosis, no vs. yes 
  

0.736 1.26 (0.34 - 4.69) 

Overweight/obesity, no vs. yes 0.304 1.46 (0.71 - 3.01) 0.033 2.10 (1.48 - 9.20) 

High resting heart rate, no vs. yes 
  

0.023 2.85 (1.51 - 5.98) 

Left ventricular hypertrophy (yes 
vs. no)   

0.032 4.50 (1.13 - 7.94) 

High serum uric acid, no vs. yes 
  

0.041 3.66 (1.49 - 5.61) 

Proteinuria, no vs. yes <0.001 5.78 (2.38 - 14.01) 
  

Abbreviations: ASCVD: Atherosclerotic cardiovascular disease; ORaj: adjusted Odd ratio; CI: confidence 
interval. 

 

 
Figure 2. Averaged vascular vs. chronological age in aircrew according to their race, fight 
time, profession, and gender. 
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4. Discussion 

The salient findings of this cross-sectional survey are as follows: Firstly, flight 
crew has higher ASCVD risk estimate compared with cabin crew; secondly, 
ASCVD risk estimate linearly increased with aircrew’ age; thirdly, Caucasians 
and flight crew status, and proteinuria are independent predictors of moderate 
ASCVD risk estimate; and finally, total flight time ≥ 5000 hours, over-
weight/obesity, faster resting heart rate, LVH, and high serum uric acid are in-
dependent predictors of high ASCVD risk estimate. This study offers important 
contributions not only in understanding the ASCVD impact of flight duties in 
aircrew, but also in allowing individuals at intermediate and high ASCVD risk 
estimates to be treated. 

In our study, nearly 2 out of 5 pilots had high ASCVD risk estimate. Moreo-
ver, due to their higher prevalence of cardiovascular risk factors the proportion 
of flight crew with high ASCVD risk estimate was greater than that of cabin 
crew. In a retrospective cross-sectional study among Colombian civilian aviation 
pilots a 20.2% prevalence of high estimate risk of ASCVDs was documented us-
ing the Framingham multivariate tools [15]. The authors considered their results 
were probably biased, as the Framingham tools used were neither calibrated nor 
validated for local population, and this consideration might be pertaining to our 
African settings. 

The ASCVD risk estimate increases, as the aircrew gets older. That age is to-
tally a non-modifiable risk factor is arguable as the impact of age on ASCVD is 
not homogeneous since it depends on the burden of other coexisting traditional 
ASCVD risk factors [16] [17]. Instead of displaying a cliché, ageing could ex-
press the magnitude and the time span of exposure to other traditional ASCVD 
risk factors [18]. Ageing has been listed to be associated with physiological alte-
rations such as mitochondrial [19] and endothelial [20] dysfunction; angiogene-
sis impairment [21], telomere attrition [22], and abnormal growth factor synthe-
sis [23], as well as FOXOs/Sirtuins [24] implications. These mechanisms lead to 
not only the heart but also the vasculature alterations involving hypertrophy, LV 
diastolic and endothelial dysfunction and arterial stiffness [25]. 

Being Caucasians, having ≥5000 total flight hours, and proteinuria emerged as 
independent predictors of moderate ASCVD risk estimate. Our study pointed 
out that living in Africa appeared to enhance prediction for moderate ASCVD 
risks in Caucasians compared with African aircrew. By contrast to our findings, 
reports from sundry epidemiologic studies documented higher hypertension 
prevalence and BP levels, lower BP control and greater risks from hypertension 
in African-American compared with white, with higher salt sensitivity and body 
mass index, resistant and refractory hypertension accounting for those variances 
[26] [27]. Similar variances have been reported between British and West Afri-
can and Caribbean individuals [28]. Possible pathophysiological pathways might 
explain these disparities as we found that Caucasians had higher SBP, DBP, BMI, 
WHR, and LVMI compared with African aircrew. Moreover, the proportion of 
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tobacco use was higher in Caucasians compared with African aircrew. Lloyd-Jones 
et al. recently reported that smoking was associated significantly with high 
ASCVD risk and reduced 5 years survival regardless of gender [29]. Contras-
tingly, nonsmokers had longer life lived and delayed the onset of CVDs [30]. 

Pilots with ≥5000 flight hours had moderate ASCVD risk estimate. Guohua Li 
et al. posited that total flight time expresses significantly the likelihood of crash 
involvement compared with aging, which encompasses a conflict between de-
creasing cognitive functions that jeopardizes flight safety increase and improved 
flying expertise that enhances safety. Furthermore, these authors found that 
having 5000 hours or more of total flight time protects against crash involve-
ment but this protection levels off at a threshold of 10,000 flight hours [31]. 
Likewise, Li and Baker addressed an inverse nonlinear relationship between 
crash involvement and total flight time [32]. 

Evidence now posits proteinuria to be a predictive risk factor for ASCVD 
morbidity and mortality [33]. Indeed, proteinuria is associated with hyperten-
sion [34], ischemic heart disease [34], T2DM [35], heart failure, and surrogate 
cardiovascular risk makers (carotid artery intima media thickness [36] [37], 
LVH [38], elevated coronary artery calcium scores [39], and carotid-femoral 
pulse wave velocity [40]). The underlying mechanism includes not only inflam-
mation but also endothelial dysfunction and altered thrombogenesis [41]. 

High ASCVD risk estimate increases with faster resting heart rate in our sur-
vey. The explanation could lie in its relationship with hypertension, the corner-
stone of the Framingham ASCVD risk estimation. Similarly, fast resting heart 
rate has been found to be associated with CVD outcomes although reducing 
heart rate, for instance by using ibavradine, an If inhibitor, on the purpose to 
improve outcomes has yielded controversial results [42].  

We found that echo-based LVH was an independent predictor of high 
ASCVD risk estimate. Earlier deemed as a remodeling mechanism to counteract 
the strained pressure on the heart, echo-based LVH is now reckoned to be an inde-
pendent predictor of cardiovascular risk, and a key element in scoring overall risk 
and in offering therapy guidance [43] [44]. When it comes to allude to ECG-based 
LVH, one should be advised that whilst one- or all-criteria-ECG-based LVH is 
associated with ASCVD risks, it does help neither to reclassify nor to predict 
ASCVD risks over the Framingham tools, which are laid on traditional factors 
for cardiovascular risks [45]. 

Our results highlight that high serum acid uric was independently associated 
with high ASCVD risk estimate. Similarly, several clinical and epidemiological 
surveys using multivariate modeling techniques suggested that high serum uric 
acid was an independent risk factor for cardiorenal diseases [46]. One has ar-
gued that high serum uric acid in mother predisposes a child to develop high 
blood pressure throw nephropenia due to low birth weight [47]. Moreover, the 
uric acid physiopathological pathways had been studied utilizing animal models 
and cellular culture [48]. In fact, both the decreasing of the excretion and the in-
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creasing of the generation of uric acid summarized the elevation of UA in indi-
viduals with cardiorenal disease. The former is met in conditions such as altered 
glomerular filtration rate, hyperinsulinemia, renal vasoconstriction, or diuretic 
medication use, whilst the latter in alcohol use, tissue ischemia, or oxidative 
stress [49]. By contrast the Framingham Heart Study group [50] and other [51] 
stated that high serum uric acid was not per se an independent cardiovascular 
risk CVD unless when clustering with other cardiovascular risk factors.  

Our data indicate the aircrew vascular age was older compared with the 
chronological age even in various racial (Caucasians vs. African), flight time 
(<5000 h vs. ≥5000 h), gender (male vs. female), or professional (flight vs. cabin 
crew) categories. In fact, vascular age is of essence for quantifying and compre-
hending risk, and indicates the variance of life-years-lost [52]. Framingham 
heart study investigators stressed the likelihood for an individual with normal 
CVD risk factors to have high CVD risk estimate [53]. 

Because ASCVD often appears in individuals with lower CVD risk estimate, 
some other markers such as high-sensitivity C-reactive protein (hs-CRP), coronary 
artery calcium score (CAC), cardiorespiratory fitness, apolipoprotein B (ApoB), 
micro-albuminuria, carotid intima-media thickness (CIMT), and ankle-brachial 
index (ABI) need to be evaluated [54]. Whilst these novel biomarkers may be 
considered to inform treatment decision making, they could not help a CV 
risk-based treatment decision [55]. Furthermore, using new variables such as 
genetic markers may enhance CV prediction even if this possibility remains 
questionable [56].  

Our study has several limitations. Firstly we transported the Framingham 
tools in non-totally Framingham settings. Secondly, since our study was en-
closed one professional category, its results may not be generalized to other set-
tings. Finally, factors associated with moderate to higher ASCVD risk may not 
be strong for the cross-sectional nature of our survey.  

5. Conclusion 

The most important findings in the current study were the huge variances in 
ASCVD risk estimate between flight and cabin crew. Also beyond traditional 
risk factors used in the Framingham tools, whilst being Caucasians or flight crew 
has been associated with moderate ASCVD, total flight time ≥ 5000 hours, 
overweight/obesity, faster resting heart rate, LVH, and high serum uric acid have 
been associated with high ASCVD risk estimate. Therefore, these results stress 
the need for dissemination, implementation, and even, revision of ASCVD risk 
estimate in Congolese daily AME practices. New ASCVD risk lowering strategies 
should be taken in Caucasians aircrew living in Africa and randomized control 
trials designed to assess those variances.  
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