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Abstract
Background: Acute rheumatic fever (ARF) is an important public 
health problem in developing countries. Subclinical carditis (SCC) that 
is detected only by echocardiogram without audible heart murmurs is 
relatively common in ARF. The aim of this study was to determine the 
pattern of SCC in patients of ARF in a specialized center in Bangladesh. 

Methods: This cross-sectional study was conducted from April 2019 to 
May 2021 at the National Center for Control of Rheumatic Fever and Heart 
Diseases. Hundred consecutive diagnosed patients of acute rheumatic 
fever with SCC were included in the study. Diagnosis of ARF was done 
according to the revised Jones criteria in 2015. A total of 362 clinically 
suspected patients of ARF were screened and among them, 100 patients 
were detected of having SCC by Doppler echocardiography.

Results: Mean age of patients with ARF and SCC was 11.8 ±3.6 years and 
10.8 ±3.3 years respectively and female was predominant (52.6% in ARF 
and 57.7% in SCC). Majority of patients (94%) with SCC had a mitral 
valve involvement and isolated mitral regurgitation was the most common 
(84%) valvular lesion. Detected valvular lesions mostly were not severe; 
all the aortic regurgitation and almost all mitral regurgitation (98.8%) were 
mild and trivial in nature of severity.

Conclusion: Common presence of SCC among ARF patients in our study 
agreed with the recommendations of revised Jones Criteria. Therefore, 
it is suggested that echocardiography should be done in every suspected 
patient with ARF for early detection of subclinical carditis and to reduce 
morbidity.

Keywords: CMTI; TyG Index; BMI; LVMI; Central Africa; Uncontrolled 
Hypertension.

List of Abbreviation 
Abnormal ankle-brachial index (ABI)

Brachial-ankle pulse wave velocity (Ba-PWV) 

Body Mass Index (BMI),

Cardiometabolic risk factors (CMR)

Carotid intima – media thickness (CIMT)

Centre Hospitalier Mère et Enfant Monkole (CHME) 
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Classic cardiovascular disease (CVD) 

Cliniques Universitaires de Kinshasa (CUK), 

Diastolic bood pressure (DBP) 

Heart rate HR

Height (H)

Hip circumference (HC)

High density lipoprotein cholesterol (HDL-C)

Hôpital Biamba Marie Mutombo (HBMM)

Left ventricular mass index (LVMI)

Lipoprotein cholesterol (LDL-C)

Pulse pressure (PP)

Systolic blood pressure (SBP)

Total cholesterol (CT)

Triacylglycerol (TG)

Triglyceride Glucose Index (TyG index)

Receiver Operating Characteristic (ROC)

Waist circumference (WC)

Weight (W)

Introduction
It is well established that a constellation of inter-

correlated metabolic risk factors, termed cardiometabolic 
risk, promotes the incidence of atherosclerotic cardiovascular 
disease [1-4]. It is also established that cardiovascular 
diseases constitute a burden if not a public health problem 
in the world [5]. There are two types of cardiometabolic risk 
factors (CMR) as classic (aging, male sex, obesity, smoking, 
excess alcohol, physical inactivity and psychological stress) 
and emerging [6] thrombogenic conditions, homocysteine, 
markers of inflammation and infection, heredity (discomfort 
and susceptibility), chronic kidney disease and structural 
markers (medical imaging: thickening / CIMT / subclinical 
atherosclerosis without plaque against the manifest clinical 
atherosclerosis with plaque) [7]. Management of CMR uses 
sex-specific, optimal CMR thresholds [8] and ethnicity/race 
[9]: Framingham score for Americans, score for Europeans. 
With regard to sub-Saharan Africa, thresholds from Central 
African population studies and meta-analyses [10] have 
proposed optimal and specific thresholds for the whole of 
sub-Saharan Africa [11-13]. In the Democratic Republic 
of Congo (DRC), arterial hypertension, one of the major 
components of cardiometabolic risk, is also a health problem 
in hospitals and in the population of the west, north, east 
and south of the DRC [14-19]. Then again, hypertension is 
recently recognized as a cause of cardiovascular morbidity, 
overall mortality and cardiovascular mortality due to classic 
cardiovascular disease (CVD) risk factors and emerging 

CMR in hospitals and in populations in the DRC [20,21]. 
If the CMR factors emerging from the non-control of 
hypertension in the general population of the city of Boma, 
province of Kongo central, western DRC have recently been 
identified in the city [22], there are no scientific publications 
relating to the optimal and specific threshold of the CIMT of 
the non-control of hypertension in the hospital environment 
of Kinshasa, which justified the initiation of the present 
study with the objective of identifying the independent 
determinants of certain emerging CVD risk factors of the 
increase in CIMT discriminating between control and non-
control of hypertension.

Materials and Methods
Nature, period and place of study

This was a cross-sectional study conducted between 
September 2018 and January 2021. The University Clinics 
of Kinshasa, the Monkole Mother and Child Hospital, 
the Biamba Marie Mutombo Hospital in view of their 
geographical location and their attendance and the richness of 
their technical platform served as a framework for this study. 
The following variables of interest were collected [number 
of children, duration of hypertension, Systolic blood pressure 
(SBP), diastolic bood pressure (DBP), Waist circumference 
(WC), Pulse pressure (PP), heart rate (HR), weight (W), 
height (H), Hip circumference (HC), fasting blood sugar, 
24-hour proteinuria, albumin/creatinine ratio, CRP, total
cholesterol (CT), High density lipoprotein cholesterol
(HDL-C), lipoprotein cholesterol (LDL-C), triacylglycerol(
TG), biological indices of adiposity]. A convenience
sampling procedure was followed to select subjects. The
available lifestyle data included self-reported alcohol and
smoking habits. Patients who drank alcohol or smoked
cigarettes regularly were considered drinkers and smokers.
Data were also available for duration of hypertension,
family and personal history of diabetes, hypertension, and
current antihypertensive medications. After 5 minutes of
relaxation, seated blood pressure (BP) was measured at each
subject's left arm using an Omron MI digital electronic blood
pressure monitor/pulse monitor (OMRON Corporation,
Tokyo); 3 BP measurements were taken and averaged for
analysis. According to the recommendations of the European
Society for the Fight against Arterial Hypertension and the
European Society of Cardiology issued in 2018 (SEH/SEC
2018), hypertension was defined as BP ≥ 140/90 mm Hg or
current use of antihypertensives regardless of BP level(23).
Cholesterol (Cholesterol Test Kit, Wybenga and Pileggi-
One Step Method, Span Diagnostics Ltd) and Triglycerides
(Triglyceride Test, GPO-PAP Enzymatic Method, Span
Diagnostics Ltd) were measured using enzymatic methods.
Low density lipoprotein cholesterol (LDL) was calculated
according to Friedewald(24). The Combur test was used to
assess proteinuria. Turbidimetry with automatic analyzer was
used for CRP. Carotid intima-media thickness was measured
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Mean values of advancing age, visceral adiposity index 
were significantly (P < 0.05) higher in men than in women, 
while mean values of CT, LDL-c, Left Ventricular mass index 
(LVMI), trigluceride-glucose index (TyG) – Boby Mass 
Index (BMI), WC/HC were significantly higher in women.

There was a significant bivariate correlation between 
all structural markers, all biomarkers of CMR and the 
increase in CIMT ≥ 0.8 mm in the study population: WC/H 
(P=0.05), urinary albumin/creatinine ratio (P < 0.001), IVA  
(P < 0.049), TG/HDL (P < 0.001), LVMI (P= 0.026), 
Sololow-Lyon (P=0.007), TyG Index (P < 0.001), TyG-BMI  
(P < 0.001), TG/HDL (P < 0.001), CT/HDL (P=0.007), 
LDL-C/HDL-C (P=0.003), Non-HDL (P=0.005), HC 
(P<0.001), SBP (P<0.001) (results not shown).

After adjustment for WC/H, IVA, TG/HDL-C, Sokolow-
Lyon, TyG-index, TyG-BMI, CT/HDL, LDL/HDL and 
Non-HDL-c as confounding variables in the multivariate 
regression type model binary logistic, only the quantitative 
values of urinary albumin/creatinine ratio, BMI, LVMI, 
TyG Index, HC and SBP were identified as independent, 
important and highly significant determinants of subclinical 
atherosclerosis according to the CIMT ≥ 0.8 mm in the study 
population (Table 2).

Thus Table 3 and Figure 1 with the ROC curves were used 
to produce the optimal and specific thresholds for predicting 
subclinical atherosclerosis according to the CIMT ≥ 0.8 mm 
in hypertensives in a Kinshasa hospital setting: albumin/
creatinine ratio urine ≥ 24.5 mg/g (sensitivity = 65% and 
specificity = 64%), LVMI ≥ 115 g/m² (sensitivity = 60.2% 
and specificity = 52%); TyG Index ≥ 8.6 (sensitivity = 70.2% 
and specificity = 56%), HC ≥ 97 cm (sensitivity = 63.2% and 
specificity 55%) and SBP ≥ 140 mm Hg (sensitivity = 60% 
and specificity = 63%).

at the level of the distal wall of two common carotid arteries, 
two centimeters upstream of the bifurcation, over a length of 
10 to 20 mm using two high-definition ultrasound scanners 
(Acuson NX 3 from Siemens and Voluson E8 from General 
Electric) in Mode B with a high-frequency linear probe of 
12 Mhz associated with a construction system with multi-
incidence scans in order to reduce artefacts and increase the 
dynamics of contrast(25,26). Using automatic wall detection 
software loaded on the system, carotid peak and mean 
CIMT values were obtained. CIMT elevation was defined 
as an CIMT > 0.8 mm according to the generally accepted 
threshold(21)or > 75th percentile (0.8 mm). The patients 
were finally classified into two groups according to their 
CIMT: patients with CIMT > 0.8 mm and those with CIMT 
≤ 0.8 mm.

Statistical analysis

Categorical (qualitative) variables were represented 
as frequencies (n= number) and proportions (%) while 
quantitative variables were summarized as mean ± standard 
deviation. Pearson's Chi-square test or Fisher's test were used 
to compare the proportions between an increase in the CIMT 
and the absence of an increase. Student's t test was used to 
compare the means between the increase in the CIMT and the 
absence of increase. The Receiver Operating Characteristic 
(ROC) curves evaluated the diagnostic values of the CVD 
risks factors markers with optimal and specific thresholds 
being able to discriminate the increase in the CIMT. Binary 
logistic regression-type multivariate analysis with an 
ascending stepwise strategy was used to identify emerging 
morphological markers and emerging circulating markers 
independently associated with the increase in the CIMT after 
adjustment on the variables of confusion. The value P < 0.05 
being considered as the threshold of statistical significance. 
All analyzes were performed using EPI-INFO 2000 software 
and Statistical Package for Social Science (SSPS) on Windows 
versions 16, 19 and 20 (SSPS Inc, Chicago, Illinois, USA).

Results 
A total of 280 hypertensive patients were examined on 

140 men matched to 140 women according to age.

Table 1 compares the means of the general characteristics 
between men and women who are not matched according to 
the CIMT, age, socioeconomic level [76.4% (n=214) with 
an irregular income versus 23.6 % (n=66) with a regular 
monthly income], marital status [72.5% (n=203) of married 
people; 2.9% (n=8) of divorcees; 18.9% (n=53) of widowers 
and 5.5% (n=16) of single people], smoking (0% of smokers), 
mobility (100% of sedentary people) and educational level 
[14.3 % (n=40) of primary level; 33.2% (n=93) secondary 
level; 23.9% (n=67) at higher level and 28.6% (n=80) at 
postgraduate level]; except for the majority of comparable 
general characteristics (P ≥ 0.05).

Variables
Men Women

P
Mean ± SD Mean ± SD

Years 63±10.3 60.2 ± 10.6 0.025

IVA 2.4 ± 1 3.9 ± 2.6 < 0.0001

CT (mg/dl) 188.6±39.5 200.4 ±45.9 0.022

LDL-c (mg/dl) 112.7±29.5 121.3±30.2 0.017

LVMI (g/m²) 119.5±11.1 110.9 ±10.1 < 0.0001

TyG-BMI 232.9±45 259.7±54.9 < 0.0001

HC (cm) 95.5±11.2 99.4±13 0.008

WC/HC 1.02 ± 0.06 0.97 ± 0.06 < 0.0001

Abbreviations IVA: Visceral adiposity index, CT: total cholesterol, 
LDL-c: Low density lipoprotein-cholesterol, LVMI: left ventricular 
mass index, TyG Triglyceride Glucose Index (TyG index), -BMI: Body 
mass index, HC: hip circumference, WC: waist circumference HC hip 
circumference.

Table 1: Sex and markers
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Figure 1: draws the ROC curve discriminating the CIMT ≥ 0.8 mm (sensitivity-specificity, P, the area under the curve), the non-control of 
hypertension and the control of hypertension of all patients [72, 9% (n=204) of uncontrolled hypertensives and 27.5% (n=76) of controlled 
hypertensives].

Abbreviations: Receiver Operating Characteristic (ROC) Left ventricular mass index (LVMI), Triglyceride Glucose Index (TyG index), Hip 
circumference (HC), Systolic blood pressure (SBP).

Area /zone ES CI (95%) P

Urinary albumin/creatinine 0.763 0.03 0.705-0.821 < 0.0001

LVMI 0.573 0.035 0.505-0.642 0.037

TyG Index 0.714 0.33 0.650-0.777 < 0.0001

HC 0.637 0.034 0.570-0.704 < 0.0001

SBP 0.621 0.035 0.554-0.689 < 0.0001

Table 3: Characteristics of ROC curves discriminating the presence and absence of subclinical atherosclerosis according to CIMT ≥ 0.8 mm

B SE Wald DL Exp(B) (95% CI) P

Independent determinants

Urinary albumin/creatinine (mg/g) 0.757 0.31 5,950 1 2.131 (1.160-3.915) 0.015

BMI -0.06 0.02 8,899 1 0.942 (0.905-0.980) 0.003

LVMI (g/m²) -0.032 0.015 4,388 1 0.968 (0.939-0.998) 0.036

TyG-Index 2,072 0.426 23,666 1 7,938 (3,445-18,288) < 0.0001

Constant -22.028 3,601 37,417 1 < 0.0001

Table 2: Logistic regression predicting CIMT ≥ 0.8 mm by some independent determinants (Hosmer and Lemeshow test = 17.508; P= 0.025)

Abbreviations: Body Mass Index (BMI), Left ventricular mass index (LVMI), Triglyceride Glucose Index (TyG index).
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Discussion
This study explored the specific thresholds of structural 

markers and emerging circulating markers (biomarkers) 
discriminating the increase and the absence of the increase in 
the CIMT in controlled and uncontrolled arterial hypertension 
in Kinshasa hospital setting.

Uncontrolled high blood pressure

As reported in sub-Saharan Africa, this study reported 
72.9% of uncontrolled hypertensive patients in hospitals in 
Kinshasa, DR Congo [11,22,27]. Extent of uncontrolled high 
blood pressure in hospitals in Kinshasa, DR Congo could 
be explained by poverty [12,22], ignorance of hypertension, 
therapeutic non-compliance and the political commitment of 
the health system [22,28]. On the other hand, the prevalence 
of uncontrolled hypertension in the present study presented 
an epidemic and multiple appearance (72.9% for this study 
conducted from September 2018 to January 2021) compared 
to the other studies [22].

Subclinical atherosclerosis according to the CIMT
The present study established the optimal and specific 

threshold of subclinical atherosclerosis in uncontrolled 
hypertensives of the order of CIMT > 0.8 mm, an emerging 
structural marker of subclinical atherosclerosis.

The cut-off for CIMT > 0.8 mm in this study was 
comparable to the cut-off reported in the literature [29].

Emerging markers of subclinical atherosclerosis risk

The present study demonstrated the superiority of 
emerging markers compared to traditional markers in terms 
of cardiometabolic risk according to CIMT > 0.8 mm 
(subclinical atherosclerosis). Indeed, the WC/H, IVA, TG/
HDL, Sokolow-Lyon, TyG-index, TyG-IMC, CT/HDL, 
LDL-C/HDL-C and Non-HDL-C were only univariate 
associated factors of the CIMT > 0.8 mm whereas the 
emerging markers urinary albumin/creatinine, BMI, LVMI, 
TyG Index were identified as independent and significant 
determinants of subclinical atherosclerosis according to the 
CIMT > 0.8 mm in the present study.

The albumin/creatinine ratio

Several recent studies have identified the albumin/
creatinine ratio as an independent determinant of CIMT > 
0.85 mm [13]. Indeed, an CIMT value > 0.8 mm suggests 
microangiopathy, macroangiopathy around subclinical 
atherosclerosis, diabetes mellitus, renal impairment and 
mortality in several countries [14,29]. Several studies in 
affluent populations have also demonstrated that the urinary 
albumin/creatinine ratio is similar to brachial-ankle pulse 
wave velocity (Ba-PWV) and Abnormal ankle-brachial index 
(ABI) in predicting peripheral vascular disease [15].

Body Mass Index (BMI), as visceral obesity
As reported by the literature, the present study 

demonstrated a positive and very significant correlation 
between the increase in BMI and the increase in CIMT which 
is also a risk factor for ischemic heart disease and stroke 
in globally hypertensive patients. Uncontrolled [16]. The 
IMG, a significant reflection of trunk fat, is more powerful 
than the body mass index (general and global obesity) [16], 
waist circumference (abdominal fat) and WC/HC ratio in the 
prediction of metabolic syndrome and ischemic heart disease 
[30].

Left ventricular mass index (LVMI)
An important, positive and significant association 

between the increase in CIMT and an increase in LVMI, a 
structural marker of trunk fat, has been demonstrated by the 
present study while corroborating certain results reported 
in the literature [16]. Thus the increase in LVMI leads to a 
dysfunction of the left ventricular function evaluated by the 
systolic ejection fraction [16], left ventricular hypertrophy 
and myocardial infarction. There is a strong correlation 
between LVMI and diabetes mellitus, hypertension, active 
smoking, advancing age and general obesity [16].

Triglyceride Glucose Index (TyG index)

As recently demonstrated by several scientific works in 
the literature [31], the elevation of the TyG index, a biomarker 
reflecting insulin resistance (IR) and menopause [17] and 
severity of coronary damage was significantly correlated with 
CIMT, a structural marker of subclinical atherosclerosis [17]. 
The present study did not show a confounding effect of sex 
on the association between the proportional increase in TyG 
index and subclinical atherosclerosis measured by CIMT 
in some studies in the literature [17] whereas studies in the 
literature show a disparity in the proportion of subclinical 
atherosclerosis defined by the CIMT between the group of 
patients with a high TyG index and the group of patients with 
a low TyG index according to sex: deleterious impact linked to 
the female sex in this disparity [17]. The TyG index threshold 
(≥ 8) observed in the present study was also comparable to 
the thresholds of 0.75 – 8.8 respectively observed in Congo-
Brazzaville and in other non-African countries [32].

In the Banotous of Brazzaville, Republic of Congo, 
increased neck circumference and TyG index are also 
associated with insulin resistance [32]. The TyG index 
associated with subclinical atherosclerosis measured by 
CIMT is higher in hypertensives than in non-hypertensives 
in Taiwan [33]. Indeed, the transformation of the increase 
in CIMT into plaque formation (> 1.5 mm) of the carotid 
artery is formed by the aggregation of mechanisms involving 
platelets, vascular smooth muscles, oxidation of lipids and 
the increase in TyG index which is based on the IR in the 
present study and in other studies [33,34].
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Strengths and limitations of the study
The present study was limited by a hospital-based 

approach and a small sample size without considering time 
as suggested by other studies in the literature [17,34]. On the 
other hand, the strength of the use of mathematical models such 
as ROC curves and logistic regression has been demonstrated 
by the present study in Bantu hypertensives in Central Africa 
globally with uncontrolled arterial hypertension.

Implications in public health
The results relating to the structural markers and to 

the biomarkers of imaging of the CIMT produced by the 
present study will be necessary for the prediction of insulin 
resistance, metabolic syndrome, ischemic heart disease, 
stroke, micro and macro-angiopathy. , peripheral vascular 
pathology in hypertensive patients in hospitals in Kinshasa, 
DR Congo(34). Subclinical atherosclerosis and advanced 
manifest atherosclerosis in the form of plaques in the carotid 
artery should be recognized as a multifactorial disease so 
that medical imaging specialists and clinicians including 
cardiologists recognize personalized medicine, precision 
medicine and preventive medicine according to certain 
complex factors such as blood flow turbulence, inflammation 
and the deposition of lipids in the intima media(18).

The results of the present study, based on the 
pathophysiology of infra-clinical atherosclerosis according 
to the increase in the CIMT, will help the early and precise 
diagnosis followed by an early and scientific treatment in 
hypertensive patients in a hospital environment in Kinshasa.

Conclusion
The present study identified the independent determinants 

of the increase in CIMT in globally uncontrolled hypertensives 
in a hospital setting in Kinshasa, DR Congo.

Thus, the optimal and specific thresholds for subclinical 
atherosclerosis were as follows: the urinary albumin/
creatinine ratio, TyG Index, BMI and LVMI in the sense of 
health promotion and the prevalence of atherosclerosis in 
taking in charge of hypertensives in hospitals in Kinshasa, 
DR Congo.

State of knowledge on the subject
• Importance and scientific knowledge provided by this

study according to the literature

• The importance of the present study was underlined during 
the section of the introduction relating to the problem as
opposed to the problem of the thickness CIMT as a marker 
of infra clinical atherosclerosis and the cardiometabolic
risk in Caucasian population and Asians.

Contribution of our study to knowledge
• Thus, it is the first time that the CIMT threshold ≥

0.8 mm is defined as a state of subclinical atherosclerosis/

cardiometabolic risk in uncontrolled hypertensive patients 
in Kinshasa according to the ROC curve.

• This is also the first time that the determinants of CIMT
≥ 0.8 mm have been identified herein.
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