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Abstract

Background Renal failure is one of the most serious vascular effects of hypertension. For better therapy and preven-
tion of complications, early kidney disease identification in these patients is absolutely essential. However, current
studies have proposed plasma Neutrophil Gelatinase Associated Lipocalin (oNGAL) to be a better biomarker com-
parative to serum creatinine (SCr). This study assessed the diagnostic utility of plasma neutrophil gelatinase-associated
lipocalin (obNGAL) as a biomarker for early nephropathy diagnosis in hypertensive individuals.

Methods This hospital-based case—control study comprised 140 hypertensives and 70 healthy participants. A well-
structured questionnaire and patient case notes were used to document relevant demographic and clinical informa-
tion. 5 ml of venous blood sample was taken to measure fasting blood sugar levels, creatinine, and plasma NGAL
levels. All data were analyzed using the Statistical Package for Social Sciences (SPSS release 20.0, copyrite©SPSS Inc))
and a p-value < 0.05 was considered statistically significant.

Results In this study the plasma neutrophil gelatinase-associated lipocalin (NGAL) levels were significantly higher in
cases compared to controls. Hypertensive cases also had significantly higher waist-circumference compared to the
control group. The median fasting blood sugar level was significantly higher in cases compared to controls. This study
established the use of Modification of Diet in Renal Disease (MDRD), Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI), and Cockcroft and Gault formula (CG) as the most accurate predictive equations for assessing renal
dysfunction. The threshold for NGAL above which renal impairment can be assessed was found to be 109.4 ng/ml
(sen-91%, spec. — 68%), 120 ng/ml (sen- 100%, spec- 72%) and 118.6 ng/ml (sen- 83%, spec- 72%) for MDRD, CKD-EPI
and CG equations respectively. The prevalence of CKD was 16.4%, 13.6% and 20.7% respectively using the MDRD,
CKD-EPI'and CG.

Conclusion From this study, pNGAL is a better indicator of kidney impairment in the early stages of CKD as com-
pared with sCr in general hypertensive population.
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Introduction

Kidney disease is a diverse range of illnesses that affects
kidney structure and function and could lead to renal
failure [1]. Acute Kidney Injury (AKI) characterizes kid-
ney dysfunction with glomerular filtration rate of < 60 ml/
min/1.73m? for less than three months or an increase in
serum creatinine by>50% for <3 months whilst Chronic
Kidney Disease (CKD) defines kidney dysfunction with
decreased estimated glomerular filtration rate (eGFR)
and albuminuria for at least three months [2]. So, the
overall renal function (glomerular filtration rate, GFR)
and the existence of kidney damage determined by kid-
ney biopsy or other markers of kidney damage are used
to assess kidney disease [3].

According to reports by Abd EIHafeez et al. [4], the
prevalence of chronic kidney disease among the African
population ranges from 2 to 41%, with a combined esti-
mate of 16.5% in West/Central-West Africa. By 2030, it is
predicted that sub-Saharan African region would have a
significantly high incidence of kidney disease due to the
wide range of potential causes of the condition [5]. Over
the past twenty years it has been established that early
detection and treatment of kidney disease can prevent
kidney disease progression [6].

CKD is known to be linked to aging, diabetes, hyper-
tension, obesity, and other cardiovascular diseases; the
presumptive pathological findings are diabetic glo-
merulosclerosis and hypertensive nephrosclerosis [7].
After diabetes mellitus, hypertensive kidney disease
is the second most common cause of end-stage renal
disease (ESRD) characterized by reduced renal func-
tion and/or albuminuria [8]. In Africa, hypertension
and its complications including renal dysfunction have
been reported and constitute a major factor in the high
morbidity and mortality among adults in the sub-Saha-
ran Africa [9]. Studies have also proposed that higher
blood pressure (systolic blood pressure>140 mmHg;
diastolic blood pressure>90 mmHg) predicts more
liberal development of nephropathy, and proteinuria
is a well-recognized major risk factor for the develop-
ment of nephropathy in people with essential hyper-
tension [10]. It is unknown how prevalent kidney
disease is in the Ghanaian population but Osafo et al.
[11] posited that the prevalence of chronic kidney dis-
ease (CKD) was 46.9% among hypertensive individuals
in Ghana.

Although blood creatinine is commonly used as an
index of renal function, higher creatininemia is primar-
ily a marker of glomerular filtration [12] and cannot

be considered an ideal biomarker for the estimation of
kidney injury, because it is insensitive and is influenced
by muscle mass, gender, race, and medications and is
unreliable for the diagnosis of renal tubular injury in
the absence of significant reduction in the glomeru-
lar filtration rate (GFR) [13]. Moreover, since serum
creatinine (SCr) is produced in the liver and is imme-
diately impacted by hepatic parenchymal dysfunc-
tion, it cannot accurately reflect GFR in a number of
disorders [14]. Therefore, a biomarker of kidney dam-
age that is able to indicate the presence of both early
damage and identify patients at an increased risk of
progressive disease would impact kidney disease diag-
nosis and treatment. Neutrophil Gelatinase-Associated
Lipocalin (NGAL) has been proposed to be useful for
the diagnosis of CKD [15] and it has the potential to
be an ideal biomarker in the early detection of CKD.
This tiny secreted glycoprotein of 25 kDa also known
as lipocalin-2, 24p3, siderocalin, or uterocalin is dis-
covered in mature neutrophil granules and expressed
in a wide variety of cells both in cardiomyocytes and
renal endothelial cells [16]. Furthermore, plasma
NGAL (pNGAL) assessment for the early detection of
renal failure in hypertensive adult population in Ghana
has not been explored. Therefore, this study examined
the predictive accuracy of pNGAL measurement for
detecting CKD in comparison with the conservative
biomarker creatinine, evaluated the specificity and sen-
sitivity of NGAL in the prediction of chronic kidney
diseases and also evaluated the diagnostic efficiency
of NGAL in comparison with validated creatinine base
renal equations.

Materials and methods

Study design and study setting

This hospital-based case—control study was conducted
at the Bono regional hospital in Sunyani Municipal. The
Bono region can be found in the middle belt of Ghana
which is bordered to the north by the Black Volta River
and to the east by the Lake Volta, and to the south by the
Ashanti, Eastern and Western regions. Its capital city is
Sunyani and its Municipal Assembly covers a total land
area of 506.7 km?2. It lies between Latitudes 70 20'N and
70 05'N and Longitudes 20 30'W and 20 10'W. The hos-
pital is a 300-bed capacity with a special hypertensive
clinic. The Bono regional hospital is the main referral
hospital in the municipality which serves all the nearby
districts and villages.



Danquah et al. BMC Nephrology ~ (2023) 24:114

Sample size determination
The necessary sample was obtained using the Kelsey’s
formula:
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(p1 - p2)’

r+1]

,andP=[
r

Ncases—l(elsey = [

Page 3 of 10

Guangdong, and China) and height was measured with a
wall-mounted ruler. Waist circumference measurements
were taken using Constant tension tape such as, Figure

pl+ (rXp2)

r+1 ]

Where r is the ratio of Hypertensives to healthy con-
trols, which is 2:1 in this study, Z g represents the critical
value of the normal dispersion at a/2 (For this study at a
confidence interval of 95%, « is 0.05and the critical value
is 1.96), Zp represents the critical value of the normal dis-
tribution at B (this study used a power of 80%, p is 0.2
and the critical value is 0.84). p1 represents the percent-
age of hypertensives with CKD in Ghana, which is 46.9%,
p2 is the percentage of CKD in the control group, which
is 13.3% according to Asare-Anane et al., 2013 [17]. And
pl-p2 is the smallest difference in proportions that is
clinically important.

From the formula above, the minimum number of
hypertensives required for this study was 40 with 20
healthy controls. However this study employed 210
participants. 140 hypertensive patients and 70 health
controls.

Study participants

This study enrolled 210 participants consisting of one
hundred and forty (70 men and 70 women) hypertensives
under management at the clinic, mean age of 59.23+5.8
and seventy (38 men and 32 women) study partici-
pants without hypertension condition, with mean age of
56.49 £ 7.83 as controls. This study excluded participants
with chronic diseases such as liver disease, diabetes, ele-
vated serum creatinine and urea, HIV, TB and hepatitis
B and C to help minimize potential confounding factors.
All participants were enrolled regardless of their educa-
tional or marital status and patients’ history was carefully
recorded by interview and confirmed from their folders
as well.

Data collection

A well-structured questionnaire and patients’ medical
records were used to document relevant demographic
and clinical history of the participants. Hypertensive
patients were diagnosed according to the WHO criteria
of systolic blood pressure >140 mmHg; diastolic blood
pressure >90 mmHg and confirmed on two occasions
by a physician. Height to the nearest centimeter without
shoes and weight to the nearest 0.1 kg in light clothing
was estimated. Weight measurement was done using a
bathroom scale (Zhongshan Camry Electronic Co. Ltd,

Finder Tape Measure and was measured in the nearest
centimeter. The blood pressure of the study participants
was measured by qualified health personnel using a mer-
cury sphygmomanometer and a stethoscope in accord-
ance with the recommendations of the American Heart
Association.

Blood sampling and analysis

A fingertip capillary whole blood sample was collected
from each subject after overnight fasting for determi-
nation of fasting blood sugar levels using Accu-Chek
Advantage Blood Glucose Monitoring System. (AC; 3
Roche Diagnostics, Indianapolis, IN). Calibration of the
instrument was performed at 7:00 am using the test kit
glucose control solution. Vacutainer needle was used to
draw all the two set of blood samples, with 3mls in the
vacutainer plain tube and 2mls in a chilled vacutainer
tube containing potassium ethylenediamine tetracetate
(EDTA). The plain tube sample after clotting was centri-
fuged and the serum was stored at—80 °C until assayed
and the chilled EDTA sample was promptly separated
by a refrigerated centrifuge (at 4c, 5 min, 5000 rpm) and
the plasma was stored at—80 °C until further analysis
according to standard operating procedures.

Laboratory assay (Creatinine, NGAL)

Creatinine levels were measured on serum samples using
a BT 3000 fully automated chemistry analyzer (BT-3000)
following the standard operating procedures for estimat-
ing quantitative analyte. The accepted reference range
for creatinine measurement was 0.74 to 1.35 mg/dL or
(65.4 to 119.3 micromoles/L) for adult men, and 0.59
to 1.04 mg/dL or (52.2 to 91.9 micromoles/L) for adult
women. NGAL measurement was done using commer-
cially available ELISA kit (Bioverder, Norway). According
to the manufacturer’s instructions, reagent was used to
measure samples from both the subjects and the controls
using the solid phase ELISA method. The accepted refer-
ence range in the laboratory was 0.625 ng/ml — 20 ng/ml.

Statistical analysis

The data obtained from the study was entered into
Microsoft excel software and analyzed using the sta-
tistical Package for Social Sciences (SPSS release 20.0,
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copyrite®SPSS Inc.) Continuous variables with normal
distribution were expressed as mean =+ standard devia-
tion (SD) and the median and inter quartile range (IQR)
used for variables that were not normally distributed.
Categorical variables were expressed in proportions
and compared with chi-square test. Receiver Operat-
ing Characteristics Curve was used to evaluate an area
under the curve of NGAL in the assessment of renal
impairment. Bland and Altman plots were used to assess
bias among the various creatinine equations (MDRD,
CKD-EPI AND CGQG). Confidence interval of 95% was
used and a P-value of < 0.05 was considered to be statisti-
cally significant.

Results

From Table 1 below, the median systolic blood pres-
sure, diastolic blood pressure and mean arterial pres-
sure were significantly higher in the cases than the
controls (p<0.0001). The median weight and waist cir-
cumference were significantly higher in cases than the
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controls. Similarly, the biochemical parameters including
the median fasting blood sugar and plasma neutrophil
gelatinase-associated lipocalin (NGAL) were significantly
higher in cases compared to controls (p<0.05). How-
ever, there was no significant difference of median cre-
atinine levels between cases and control (p>0.05). For
the chronic kidney diseases equation, no significant dif-
ferences were observed between median MDRD equa-
tion and CKD-EPI equation values of cases and controls
(p>0.05).

The diagnostic performance of NGAL in the assess-
ment of renal impairment among hypertensive patients
is shown in Table 2 below. The cut-off value for NGAL
above which renal impairment would be diagnosed was
109.4ngml based on MDRD chronic kidney disease
equation. On the basis of this threshold, the sensitivity,
and specificity, positive predictive value and negative
predictive value were 0.91, and 0.68, respectively. The
cut-oft value for NGAL above which renal impairment
would be diagnosed was 120.0ngml based CKD-EPI

Table 1 Comparison of age, hemodynamic indices, anthropometric indices biochemical parameters and chronic kidney disease

equations between cases and control

Variables Cases (n=) Median, IQR Control n (=) Median, IQR P-value
Age (years) 59.0(55.0-62.0) 58.0(55.0-60.0) 0.051
SDP(mmHQ) 150.0(145.0-160) 119.0(111.0-120.0) <0.0001
DBP(mmHg) 99.0 (94.0-101.0) 70.0(65.0-80.0) <0.0001
MAP (mmHg) 115.3(111.0-160.0) 86.0(82.0-89.6) <0.0001
Weight (kg) 67.5(63.0-72.75) 63.0(58.0-69.0) 0.0021
Waist Circumference (cm) 80.5(65.0-72.7) 65.0(55.0-77.0) <0.0001
FBG (mmol/l) 4.5(4.0-5.1) 3.8(3.24.4) <0.0001
Creatinine (umol/1)) 0.90(0.77-1.1 6) 0.88(0.77-0.97) 0.192
CKD-EPI equation 85.5(71 .8) 98.0(79.0-110.0) 0.246
MDRD 81 5(690 0) 97.0(78.0-109.0) 0.180
NGAL (ng/ml) 23.5(9.7- 1604) 12.8(10.5-16.0) 0.003
Cockroft-Gault 72.6(61.9-87.6) 75.4(64.8-884) 0.882

IQR inter quartile range, SBP systolic blood pressure, DBP diastolic blood pressure, FBG Fasting Blood Glucose, NGAL neutrophil- gelatinase-associated lipocalin, CKD

chronic kidney disease, MDRD Modification of Diet in Renal Disease

Table 2 Diagnostic performances of NGAL in the assessment of renal impairment using MDRD, CKD-EPI creatinine and Cockroft-Gault

eGFR equations

Variables  Sensitivity (95%Cl)  Specificity (95%Cl) PPV NPV TP TN FP FN  YoudenIndex Associated
Criterion

Based on MDRD Equation

NGAL 0.91(0.72-0.98) 0.68(0.59-0.76) 036 097 21 80 37 2 0.60 1094
Based on CKD-EPI Equation

NGAL 1.00(0.80-1.00) 0.72(0.63-0.79) 036 100 19 87 34 0 0.72 120.2
Based on Cockroft-Gault Equation

NGAL 0.83(0.65-0.93) 0.72(0.63-0.79) 043 094 24 80 31 5 0.55 1186

PPV positive predictive value, NPV negative predictive value, TP True Positive, TN True Negative, FP False Positive, FN-False Negative
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Table 3 Partial correlation coefficients hemodynamic indices, anthropometric indices, biochemical parameters adjusted for age and

gender
Variables Diastolic MAP Weight wcC Height FBS/RBS Creatinine NGAL
Systolic r 049 0.85 0.26 045 -0.014 -0.03 048 0.57

p <0.0001 <0.0001 0.002 <0.0001 0.87 0.710 <0.0001 <0.0001
Diastolic r 0.879 0.16 0.20 -0.096 -0.06 0.31 0.29

p <0.0001 0.06 0.017 0.270 0.470 <0.0001 0.001
Mean Arterial Pleasure r 0.24 037 -0.066 -0.06 0453 049

p 0.004 <0.0001 0450 0.520 <0.0001 <0.0001
Weight r 0.40 -0.134 0.14 0.34 0333

p <0.0001 0.120 0.097 <0.0001 <0.0001
Waist Circumference r 0.041 0.086 0.69 0.76

p 0.637 0317 <0.0001 <0.0001
Height r 0.065 -0.09 -0.105

p 0456 0.300 0.220
FBS/RBS r -0.017 0.099

p 0.840 0.250
Creatinine r 0.84

p <0.0001
NGAL r

p

creatinine-based equation. The sensitivity and specificity
of NGAL for renal impairment diagnosis were 1.00 and
0.72respectively based on this cut-off values. The thresh-
old for NGAL above which renal impairment would be
diagnosed was 118.6ngml. On the basis of this thresh-
old; the sensitivity and specificity of ultrasound for renal
impairment diagnosis were 0.83 and 0.72 respectively.
Table 3 shows the partial correlation coefficients of
hemodynamic indices, anthropometric indices, and bio-
chemical parameters adjusted for age and gender. Among
the participants with hypertension, increasing creatinine
significantly associated increasing levels of neutrophil
gelatinized-associated lipocalin (NGAL) after adjusting
for age and gender. Waist Circumference was also found
to be associated with increased levels of creatinine, and
NGAL. In general, positive additive change in the renal
impairment indices (NGAL, Creatinine) were signifi-
cantly associated with corresponding increases in systolic
blood pressure, diastolic blood pressure, mean arterial
pressure and fasting blood sugar levels, among the hyper-
tension subpopulation after adjusting for age and gender.
Figure 1 Shows the receiver operating characteristic
curve depicting the area under curve of NGAL using
the eGFR as the gold standard method (cut-off value
of <60mlmin). ROC analysis showed that NGAL had an
AUC of 0.75(0.65-0.85) using Cockroft-Gault equation
as gold standard method, 0.87(0.81-0.93) using CKD-
EPI equation as gold standard method, and 0.82(0.73—
0.90) using MDRD equation as gold standard method.

Significant asymptomatic p-values were observed in all
ROC analysis of NGAL for the different gold standard
methods (p <0.0001)

As shown in Fig. 2, the prevalence of chronic kidney
disease (CKD) based on MDRD equation was 16.4%,
CKD-EPI creatinine equation was 13.6%, and Cockroft-
Gault equation was 20.7% respectively.

Figure 3 shows, the regression plot of the individual
patient data points for NGAL in relation to the creati-
nine showed a strong statistically significant positive
relationship (p <0.0001). The coefficient of determination
(R? value) was 0.70. This means that, each unit increase
of NGAL will influence 70.0% of the increase change in
the creatinine levels. NGAL was significant negatively
related with MDRD equation (p<0.0001), Cockroft-
Gault equation (p<0.0001) and CKD-EPI creatinine
equation (p<0.0001). The coefficients of determination
(R?=value) were 0.42, 0.55 and 0.27which means that,
each unit decrease of NGAL influences 42.0%, 55.0%
and 27.0% increase change in values of MDRD equa-
tion, Cockroft-Gault equation and CKD-EPI creatinine
equations.

Discussion

The search for more prognostically reliable, sensitive, and
specific biomarkers to help manage patients with or at
risk for renal disease has increased in recent years. The
complications associated with chronic kidney disease
and renal failure can be avoided or reduced with early
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Fig. 3 Scatterplot with linear regression analysis showing the relationship of Creatinine, MDRD equation, Cockroft-Gault equation and CKD-EPI
creatinine equation with neutrophil gelatinized-associated lipocalin (NGAL) among hypertensive

detection and treatment [18]. Hypertension is known to
be one of the risk factors for developing kidney disease
[19]. Neutrophil gelatinase-associated lipocalin (NGAL)
has recently received attention as a promising biomarker
for the early diagnosis of renal failure. This hospital-
based case control study examined the diagnostic value
of plasma NGAL and compared it with serum creatinine
in hypertensive patients.

Findings of this current study revealed higher NGAL
figures in cases than the controls and there was no sig-
nificant difference of median creatinine levels of cases
compared to controls. Similar to this current study, Ghar-
ishvandi et al. [20] & Bolignano et al. [21] who assessed
the diagnostic accuracy of NGAL and compared to cre-
atinine in hypertensive patients had higher NGAL val-
ues among the cases compared to the controls. Malyszko
et al. [22] also reported substantially lower NGAL in
normotensives than in hypertensives with eGFR (MDRD
and Cockcroft-Gault formulae) considerably greater in

normotensives than in hypertensives despite comparable
serum creatinine levels. Buonafine et al. [16] explained
that, NGAL is quickly released in response to tubular
injury which has led to its description as an acute renal
lesion biomarker. They suggested that, urine NGAL con-
centrations can also be assessed and this makes it a pre-
ferred biomarker for clinical usage, along with its high
stability and resistance to proteases. Plasma levels of cre-
atinine are frequently used to assess renal function but an
increasing number of studies report that NGAL is a more
accurate indicator of acute renal injury (AKI).

The results of this current study also confirm the asser-
tion by the National Kidney Foundation that high blood
pressure (BP) is a common cause of CKD and hence
patients with high BP are at an increased risk of loss of
kidney function and development of CKD. A research
on adult patients revealed that those who later devel-
oped clinically significant Acute Kidney Injury had sig-
nificantly greater urine NGAL levels at 1, 3, and 18 h
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following heart surgery [23]. Also, song et al. [24] con-
cluded that, higher levels of circulating NGAL correlates
with high blood pressure and insulin resistance based on
the role of NGAL-in oxidative stress, endothelial dys-
function, inflammation, and hypertension. In monitor-
ing hypertensive patients, there is need for assessment
of the presence of kidney disease especially those with
decreased GFR as recommended by National Kidney
Foundation [2].

The results of this current study indicated higher
waist circumference in the cases compared to the
controls. The increased waist circumference (WC)
observed when the CKD subjects were compared to
the controls is similar to the work of Levey et al. [2].
Indeed, central obesity, as evaluated by the waist cir-
cumference, has been indicated as an independent risk
factor for renal dysfunction [25-28].

In this current study, the best cut-off values to pre-
dict renal impairment in hypertensive patients was
assessed using all the three validated creatinine based
equations and the best threshold for NGAL above
which renal impairment would be diagnosed was
120.0ngml based on the CKD-EPI creatinine based
equation which also had sensitivity and specificity of
100% and 72%.

The findings of this study are in conformity with the
work of Levey et al.,, (2009) and also David Bolignano
et al. with cut-off level for sSNGAL of 435 ng/ml (sensi-
tivity 83%, specificity 53.8%) [21, 29]. Again our cut-off
values were slightly higher the study by Gharishvandi
et al,, 2014 pNGAL value of 32.2 ng/ml (sensitivity of
96% and specificity of 100%).

Our cut-off values were slightly lower than the findings
of David Bolignano et al. because most of our patients
were probably at the early stages of CKD [21].

The practical application of GFR predictive formula
is to diagnose and stratify chronic kidney disease in
patients with kidney disease. According to the study of
Levey et al., [2] the CKD-EPI and the MDRD equations
show better diagnostic accuracy than the CG formula as
they do not require body weight. This, however, appears
not to be the case in this current study in which all the
three equations had good specificity values to detect GFR
values less than 60 ml/min/1.73m?2, although CKD-EPI
was better compared to the other two, which is in direct
conformity with the previous study.

The ROC curve showing the area under curve of NGAL
in the assessment of renal impairment among hyperten-
sive were assessed using GFR as the Gold standard. Sig-
nificant asymptomatic p-value was obtained in all ROC
analysis of NGAL for the different gold standard meth-
ods, but the best AUC was 0.87 (0.81-0.93) using CKD-
EPIL. The findings of this current study was consistent
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with the work of [20] who had AUC of NGAL of 0.92
(0.87-0.98).

In this current study scatterplot with linear regression
analysis of the individual patient data points for NGAL
in relation to creatinine showed a strongly significant
positive relationship. The coefficient of determination
(R? value) was 0.70. This means that, each unit increase
of NGAL will influence 70.0% of the increase change in
the creatinine levels. NGAL was significant negatively
related with MDRD equation (p<0.0001), Cockroft-
Gault equation (p<0.0001) and CKD-EPI creatinine
equation (p<0.0001). The coefficients of determination
(R?=value) were 0.42, 0.55 and 0.27 which means that,
each unit decrease of NGAL influences 42.0%, 55.0%
and 27.0% increase change in values of MDRD equa-
tion, Cockroft-Gault equation and CKD-EPI creatinine
equations.

The findings of this current study was comparable
to the work of David Bolignano et al. [21] in the use of
NGAL in prediction of CKD.

Conclusion

The results of this current study indicate that pNGAL
is a better indicator of kidney impairment in the early
stages of CKD as compared with serum Creatinine in
general hypertensive population. NGAL showed good
cut-off point in diagnosing renal impairment with good
sensitivity and specificity compared to creatinine. Also,
hypertension is a common cause of CKD and hence
patients with high blood pressure are at increased risk
of loss of kidney function and development of CKD.
Individuals with high BP should therefore be carefully
evaluated for the presence of CKD especially those
with decreased GFR using the NGAL biomarker. It is
important to look into the significance of pNGAL as
a biomarker for the early detection of kidney failure
among other populations and for the differential diag-
nosis of renal disease etiology in other cardiometabolic
illnesses.
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