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Abstract 

Introduction: very limited studies have emphasized 
the importance of visceral adiposity index (VAI) and 
lipid accumulation product index (LAPI) in the 
prevention and management of chronic kidney 
disease (CKD) especially in diabetic and 
hypertension patients in developing countries 
including Cameroon. This study aimed at assessing 
whether VAI and LAPI are markers of CKD among 
diabetic and hypertensive patients at the Bamenda 
Regional Hospital, Cameroon. Methods: this 
analytical cross-sectional study was conducted at 
Bamenda Regional Hospital and involved 200 
diabetic and/or hypertensive patients, including 77 
males and 123 females. The participant´s 
anthropometric indices, biochemical parameters, 
VAI, LAPI, and glomerular filtration rate were 
investigated. A structured questionnaire was used 
to assess some risk factors of CKD and participant 
lifestyle. Results: the overweight (41%) and obesity 
(34%) statuses were prevalent in the population. A 
considerable proportion of subjects had elevated 
total cholesterol (46%), low-density lipoprotein 
(LDL) cholesterol (37.50%), triglycerides (24.5%), 
urea (40.5%) and creatinine (53.5%) levels. Stage 1 
to 3 CKD was largely present in the elderly (>54-
year-old) affecting the majority of patients (57.5%). 
Low education level and lack of physical activity 
were significantly associated with the prevalence of 
CKD (p < 0.001). On the contrary to creatinine 
(unadjusted OR = 1.36; 95% CI: 1.13-1.62), urea 
(unadjusted OR = 1.02; 95% CI: 1.01-1.03), HDL 
(unadjusted OR = 0.87; 95% CI: 0.78-0.97), total 
cholesterol/HDL ratio (unadjusted OR = 1.38; 95% 
CI; 1.12-1.71), VAI (unadjusted OR = 1.13; 95% CI: 
1.05-1.22) and LAPI (unadjusted OR = 1.00; 95% CI: 
1.00-1.00) were significantly associated with CKD 
status of the patients while HDL was negatively 
associated (unadjusted OR = 0.87; 95% CI: 0.78-
0.97). The 9.905 and 5679 cut-offs of VAI and LAPI 
respectively for CKD discrimination obtained high 
sensitivity (75.0%) and specificity (≥79.6%). 
Conclusion: visceral adiposity index and LAPI were 
associated with CKD among diabetic and 
hypertensive patients. Visceral adiposity index and 

LAPI could be user-friendly tools for the early 
diagnosis of CKD among these categories of 
patients in Cameroon. 

Introduction      

Chronic kidney disease (CKD) as defined by Kidney 
disease improving g outcomes (KDIGO) is 
considered as abnormalities of kidney structure or 
function, present for more than 3 months, with 
implications for health, based on either glomerular 

filtration rate lower than 60 ml/min/1.73m2 or 
markers of kidney damage, including 
albuminuria [1]. Chronic kidney disease is a global 
health issue affecting an average of 13.4% of the 
population worldwide, with many dying due to the 
high cost of treatment. The most common causes 
of CKD are diabetes mellitus, hypertension, and 
glomerulonephritis [1,2]. Chronic kidney disease is 
initially without symptoms and is usually detected 
on routine screening of blood samples by either an 
increase in serum creatinine or proteinuria. Later, 
symptoms may include leg swelling, feeling tired, 
vomiting, and confusion, with complications such 
as heart disease, high blood pressure, bone disease, 
and anemia [3,4]. The risk factors for this disease 
include a lifestyle of a high-fat, salt, protein-rich, 
and high-carbohydrate diet [5]. The high 
contribution of dietary factors emphasizes the 
importance of prevention in the management of 
CKD. Classical anthropometric index notably the 
body mass index (BMI) has been widely used to 
assess overweight/obesity because of its ease in 
measurement and predictive ability in younger and 
healthier individuals [6]. Other indices such as the 
waist-to-hip ratio (WHtR) and waist circumference 
(WC) have also been used in predicting CKD [7]. 
However, BMI, WHtR, and WC do not distinguish 
between weight from muscle and fat, between 
visceral and subcutaneous fat, and between 
peripheral and central adiposity, thereby having 
limitations in predicting CKD. Moreover, these 
obesity-related indices vary across genders, 
racial/ethnic, and diverse populations even across 
studies, and therefore remain controversial in 
predicting CKD among populations [6-8]. 
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Two new obesity indices have been proposed, 
namely; the visceral adiposity index (VAI) and the 
lipid accumulation product index (LAPI). The VAI is 
a sex-specific measure obtained mathematically 
using WC, BMI, triglycerides, and high-density 
lipoprotein (HDL) cholesterol levels. This index has 
been associated with cardiovascular risk in 
hypertensive patients, left ventricular hypertrophy, 
diabetes and CKD. On the other hand, the LAPI 
based on a combination of WC and the fasting 
concentration of circulating triglycerides was 
equally shown to predict the incidence of diabetes, 
increase the risk of CVD and influence all-cause 
mortality [9,10]. However, little attention has been 
paid to the predictive efficiency of VAI and LAPI 
regarding CKD in diabetes and hypertensive 
patients in Saharan Africa. In Cameroon, the 
prevalence of diabetes and hypertension has been 
increasing from 4.7% (in 2002) and 29.6% (between 
1994-2010) to 6% (in 2018) and 32.1% (between 
2011-2018), respectively [11,12]. With diabetes 
and hypertension being among the most common 
causes of CKD, the increase in their prevalence in 
the Cameroonian population could lead to that of 
renal diseases. In fact, the prevalence of CKD in the 
country has been found to increase over time from 
3 to 14% [13]. Glycemic control in known 
hypertensive and diabetic patients is often very 
poor in Cameroon and due to the asymptomatic 
nature of CKD, the disease is not frequently 
detected and individuals can lose up to 90% of their 
kidney function before experiencing any 
symptoms, resulting in loss of opportunities for 
prevention [14,15]. However, apart from the 
common epidemiological factors, no study has 
been carried out yet to assess the implication of VAI 
and LAPI as predictive markers of CKD in the 
Cameroonian populations. Thus, this study aimed 
at assessing the use of VAI and LAPI as predictive 
markers of CKD among diabetic and hypertensive 
patients attending the Bamenda Regional Hospital, 
North West Region of Cameroon. 

 
 

Methods     

Study design and setting: this study was a hospital-
based cross-sectional design used to ascertain and 
describe the variables of interest. The study was 
carried out at the Diabetic Unit and hemodialysis 
center of the Bamenda Regional Hospital from June 
to August 2020. It is located in Bamenda, the capital 
city of the North-west region of Cameroon. The 
hospital was given the status of a third-level 
reference health institution for the North-West in 
2009. It serves a population now estimated at 
2,180,309 inhabitants (2017 health census 
estimate). It has a capacity of 400 beds with a staff 
strength of about 440 workers. 

Inclusion and exclusion criteria: the participants of 
this study were either diabetic and/or hypertensive 
patients in the age of majority (≥ 21 years old) 
attending the Bamenda Regional Hospital (BRH) 
who consented to take part in the study. This study 
only included patients who have been diagnosed 
and confirmed suffering from the condition for not 
less than 6 months. Diabetic or hypertensive 
patients aged ≥ 21 years suffering from chronic 
kidney diseases (CKD) were included in the study. A 
patient was considered suffering from CKD if his 
estimated glomerular filtrate rate (eGFR) was less 

than 60 mL/min per 1.73 m2 [16]. The patient 
consultation and diagnosis were done by physicians 
of the BRH. Patients ≥ 21 years old, and who 
refused to sign the consent form were not included 
in the study. Also, ≥ 21 years old recently diagnosed 
patients with less than 6 months follow-up were 
not included. Diabetic or hypertensive patients 
suffering from other diseases (HIV/AIDS, lupus, 
nephritis, urinary tract infection) that may 
exacerbate their kidney functions were excluded 
from this study. 

Sampling procedure: for estimation of the sample 
size, we used Yamane formula [17]. This formula 
takes in account the total population of diabetic 
and hypertensive patients (N = 400) who visited the 
Diabetic unit of the hospital in the year 2019, and 
the margin of error of 0.05. This led to a minimum 
sample size of 200 diabetic and/or hypertensive 
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patients. The eligible patients were conveniently 
sampled at the BRH. 

Data collection: a structured questionnaire was 
developed and pre-tested on a small set of 15 
volunteers to ensure consistency, and reliability, 
and to reduce intra- and inter-observer variation. 
The pre-tested questionnaire was administered 
through a face-to-face interview to the participants 
either in Pidgin English (commonly used language 
in the locality), English or French language, 
depending on the language which was best 
understood by the patient. The information 
collected in this study included demographic 
characteristics, lifestyle data (education and 
physical exercise), anthropometric parameters, 
lipid profile, creatinine level, urea level, blood 
glucose level, blood pressure, estimated glomerular 
filtration rate (eGFR), visceral adiposity index (VAI) 
and lipid accumulation product index (LAPI). 
Demographic characteristics consisted of age, sex, 
marital status, occupation, ethnicity, and education 
level. The anthropometric parameters included 
Body mass index (BMI), and waist circumference. 
Body mass index was obtained by calculating the 
weight divided by the square of the height. Weight 
in kilograms was measured using a digital weighing 
scale. The scale was calibrated to the zero level 
before each measurement and was tested for 
repeatability of the measures. Height was 
measured by using a stadiometer while the patient 
was in an upright position. Waist circumference 
was measured by using a flexible tape meter at 
both levels just above the iliac crest. Blood was 
collected from the antecubital vein of participants 
and serum obtained was used for estimation of the 
levels of creatinine, urea, total cholesterol, total 
triglycerides, and high-density lipoprotein (HDL) 
cholesterol according to the manufacturer (Randox 
laboratories Ltd, United Kingdom) instructions. In 
accordance with the United States National 
Cholesterol Education Program, adult treatment 
panel III (NCEP-ATP III) guidelines, abnormal lipid 
profile was defined as total cholesterol (TC) ≥ 200 
mg/dl, HDL-cholesterol (HDL-c)< 40 mg/dl, LDL-
cholesterol (LDL-c) ≥ 130 mg/dl, triglycerides ≥ 150 
mg/dl, and TC/HDL-c ratio ≥ 5 [18]. Fasting blood 

glucose levels of participants were assessed using 
mylife purax glucometer (Ypsomed S.A.S, Paris, 
France). The current WHO diagnostic criteria for 
diabetes were used [19]: normal plasma glucose 
(fasting plasma glucose < 7.0mmol/l (126mg/dl)); 
diabetes (fasting plasma glucose < 7.0mmol/l 
(126mg/dl)). Blood pressure was measured using a 
mercury sphygmomanometer (adult size) by the 
auscultatory method. The new classification of 
blood pressure was used [20]: normal blood 
pressure (systolic blood pressure (SBP) < 120 mmHg 
and a diastolic blood pressure (DBP) of < 80 mmHg), 
elevated blood pressure (120 mmHg ≥ SBP≥ 129 
mmHg and DBP < 80 mmHg), hypertension stage 1 
(130 mmHg ≤ SBP ≤ 139 mmHg or 80 mmHg ≤ DBP 
≤ 89 mmHg), and hypertension stage 2(SBP ≥ 
140mmHg or DBP≥ 90 mmHg). The visceral 
adiposity (VAI) and lipid accumulation product 
(LAPI) indices were calculated as previously 
described [21,22] using the formulas below. 

Visceral adiposity index (VAI) 

 

 

Lipid accumulation product index (LAPI) 

 

Where TG means triglycerides, WC= waist 
circumference, BMI= body mass index, HDL= high 
density lipoprotein. The glomerular filtrate rate 
(eGFR) characterizing the kidney integrity was 
determined according to Modification of Diet in 
Renal Disease (MDRD) study equation [23] using 
the following formulas:  
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When Cr means serum creatinine.  

Data analysis: nominal data (socio-demographic 
data, anthropometric data, hypertensive and 
diabetic status, and biochemical parameters) was 
expressed in terms of frequency and percent 
whereas continuous data (visceral adiposity index 
and lipid accumulation product index) was reported 
in terms of means and standard deviation. Bilateral 
unpaired t-test was used to compare CKD-negative 
and CKD-positive participants in terms of VAI and 
LAPI. Chi-square tests were performed to establish 
the relationship between the anthropometric 
parameters and CKD. Bivariate logistic regression 
was performed to estimate unadjusted odds ratios 
of factors associated with the occurrence of CKD. 
Receiver operating characteristics curve (ROC) 
analyses were used to determine the optimal cutoff 
values of each adiposity indices (VAI and LAPI) for 
CKD with the maximum Youden index 
(sensitivity+specificity-1). Additionally, sensitivity, 
specificity, negative predictive value (NPV), and 
positive predictive value (PPV) of these adiposity 
indices were used to determine their reliability as 
predictive markers of CKD. Statistical analysis was 
performed using IBM-SPSS version 25.0. Values of 
p<0.05 were considered as significant. 

Ethical considerations: the study received 
authorization from the public health authorities 
(Nº: 39/ATT/NWR/RDPH), an ethical clearance (Nº: 
16/APP/RDPH/RHB/IRB). Codification of data was 
made to assure the anonymity of the participants. 
Also, the design and implementation of the study 
followed the Helsinki Declaration for medical 
research. 

Results     

Socio-demographic data: this research allowed to 
recruit 200 participants distributed as follows: 43 
hypertensive participants (21.5%), 107 diabetic 
participants (53.5%), and 50 participants that were 
both hypertensive and diabetic (25.0%). The socio-
demographic information (Table 1) of the 
participants showed the age group 55-64 years 
(31%) as the most represented. The majority of 

participants (70.5%) were married, and 19.5% were 
widows/widowers. A quarter of the participants 
were employed while 17% (34/200) were farmers. 
The majority of the participants (91%) were from 
the grass field area, while 2/3 had at least 
secondary school education. 

Anthropometric characteristics: the 
anthropometric data of the participants revealed 
that 41% of the study population were overweight 
while 34% were obese with 18%, 12%, and 4% 
suffering from class I, II and III obesity, respectively 
(Table 2). More women had high (50.41%) to very 
high (11.38%) risk WC as compared to men (36.36 
and 3.9%). 

Biochemical characteristics: the analysis of 
biochemical parameters of the participants showed 
that almost half (46%) of participants had high total 
cholesterol levels (>200 mg/DL) (Table 3). 
Moreover, very few (8.5%, 17/200) participants had 
excellent total cholesterol concentrations (<125 
mg/DL). Almost a quarter (23.0%) of the 
participants had low HDL cholesterol levels (15 – 40 
mg/dL) while 37.50% (75/200) of them had high LDL 
cholesterol levels (131–216 mg/DL), and 24.5% 
experienced high triglyceride levels (150-550 
mg/DL). High urea levels (> 50 mg/DL) were noticed 
in 40.5% of participants, while more than half 
(53.5%) of them had high creatinine levels (1.2–
28.7 mg/DL). The participants had different stages 
of CKD including stages 1 (21.50%), 2 (34.0%) and 3 
(2.0%), respectively (Figure 1). Out of the 
participants experiencing a diverse degree of CKD, 
38.26% were male while the majority 61.74% were 
female (Figure 2). Chronic kidney disease was 
distributed to all age ranges with the highest 
prevalence found in ≥54-year-old people (Figure 3). 

Associated factors of chronic kidney diseases: the 
visceral adiposity index (VAI) was significantly 
higher (p<0.001) in people with CKD 
(mean=6.48±6.86) as compared to those without 
CKD (mean=2.36±1.30) (Table 4). Similarly, the lipid 
accumulation product index (LAPI) was significantly 
higher (p< 0.001) in participants with CKD 
(mean=5488.83 ± 5252.33) when compared to 
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those without CKD (mean=3459.59 ± 3610.46). 
With respect to education level, the prevalence of 
CKD was 60.17%, 72.0%, 61.36%, and 28.21% for 
illiterates, at primary, secondary and tertiary levels, 
respectively (Figure 4). Education significantly 
influenced the prevalence of CKD in the population 
(Chi2=18.6421, p< 0.001). Moreover, the lack of 
physical activity was significantly associated with 
the prevalence of CKD (Chi2= 11.4976, p= 0.001). 
The bivariate logistic regression models revealed 
that VAI, LAPI, creatinine, urea, HDL-cholesterol 
and total cholesterol/HDL ratio were found to be 
associated with the occurrence of CKD (Table 5). 
The unadjusted odds ratios (OR) of higher VAI and 
LAPI for CKD were respectively 1.13 (95%CI 1.05-
1.22) and 1.00 (95% CI: 1.00-1.00) in all subjects. 
Higher levels of creatinine and urea were 
associated with the odds of becoming CKD positive 
(ORcreatinine= 1.36; 95% CI: 1.13-1.62 and ORurea= 1.02; 

95% CI: 1.01-1.03 respectively). A higher level of 
HDL-cholesterol was negatively associated with 
CKD occurrence (unadjusted OR = 0.87; 95% CI: 
0.78-0.97) while a higher total cholesterol/HDL 
ratio was positively associated with CKD occurrence 
(OR = 1.38; 95% CI: 1.12-1.71). 

Sensitivity and specificity of VAI and LAPI: for both 
curves and using Youden index, the best cut-off 
points for VAI and LAPI in the identification of 
chronic kidney diseases (CKD) were 9.905 and 5679, 
respectively (Figure 5). For CKD classification 
criteria, the area under the receiver operating 
characteristic curve for both VAI and LAPI was equal 
or greater than 0.8 (Table 6). The proportion of 
participants with CK Visceral adiposity index was 
more able (specificity) to correctly identify 
participants without CKD that LAPI. The probability 
that participants with VAI ≥ 9.905 or LAPI ≥ 5679 
developed CKD was very unlikely (PPV 25.0% and 
7.0%, respectively), and even after a negative test, 
the disease could not be ruled out with a residual 
probability of 0.5% and 0.6% (NPV 99.5% and 
99.6%) for VAI and LAPI, respectively. 

 
 

Discussion     

Chronic kidney disease (CKD) is a chronic renal 
disease that has been related to health 
dysfunctions including diabetes mellitus, 
hypertension, and glomerulonephritis [1,2]. 
Though CKD is currently on the rise worldwide, 
including in developing countries, prediction or 
prevention remains a key aspect of curving down 
this disease [24]. The present study involved 
diabetic and hypertensive patients with the goal of 
assessing visceral VAI and LAPI as predictive 
markers of CKD. Some factors such as alcohol and 
cigarette consumption were noticeable in the study 
population. Consistently, studies have shown 
significant influence of these factors  
on the incidence of cardiovascular diseases 
including diabetes and hypertension [25,26]. 
Anthropometric parameters showed that the 
majority of the population was made up of either 
overweight or obese patients. The general high risk 
(high and very high) waist circumference was 
prevalent in females. Similarly, literature reports 
commonly support overweight and obesity as 
determinants of cardiovascular diseases [27,28]. 
The extent of these anthropometric parameters 
was consistent with the considerable percentage of 
subjects with high total cholesterol, high LDL 
cholesterol, and triglycerides levels. Moreover, 
almost half of the participants showed high urea 
and creatinine levels, which is consistent with a 
study on hypertensive patients treated at  
Wahidin Sudirohusodo Hospital, Makassar in 
Indonesia [29,30]. Stage 1 to 3 CKD was present in 
the majority of the patients, and this health issue 
was more present among those above 54 years of 
age. This finding is consistent with a previous 
report, which indicated that there is a decrease in 
renal function with aging [31]. In fact, renal mass 
decreases with 30% of the glomeruli destroyed with 
aging, with the steepest decline observed from the 
age of 50. Also, age is associated with some risk 
factors (obesity, hypertension, and diabetes 
mellitus) of CKD. Consequently, creatinine 
clearance declined at a higher rate among older 
individuals with regard to younger people, and this 
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results in a higher prevalence of CKD in older 
participants [32,33]. 

Contrary to anthropometric parameters (BMI, WC, 
WHtR), VAI and LAPI were significantly associated 
with CKD. VAI and LAPI had the ability of identifying 
hypertensive and (or) diabetic patients with CKD, as 
these indices were higher in people with CKD as 
compared to those without CKD. These findings are 
in agreement with a study carried out among the 
rural population in Northeast China on VAI and LAPI 
as indices to identify CKD [34]. This association 
between VAI and LAPI with CKD could be explained 
by the fact that visceral obesity is closely associated 
with metabolism [35]. Visceral adipose tissue when 
combined with anthropometric measurements 
(such as WC and BMI) and blood biochemical 
indexes such as serum triglyceride levels and high-
density lipoprotein cholesterol levels, exhibits 
consistency in the evaluation of CKD [17]. 
Metabolically, CKD dysregulates normal 
triglycerides and cholesterol metabolism, as such 
increases triglyceride levels and low HDL 
cholesterol levels with only mild increase, normal 
or low levels of LDL cholesterol, all which were 
noticed in our study population. The dysregulation 
in triglycerides is due to a decrease in their hepatic 
triglyceride lipoprotein lipases, as well as a 
decrease in the number of receptors and an 
alteration in the lipoprotein substrates in the 
patients [36]. Higher sensitivity of both VAI and 
LAPI was associated with higher negative predictive 
value. This confirmed the corollary that higher 
sensitivity goes with higher negative predictive 
value, in other words, the test performs better as a 
“rule-out” test [37]. This means that at higher VAI 
and LAPI cutoffs, more subjects who were actually 
CKD-positive had a positive test result on a high 
sensitivity test and there were fewer false 
negatives. Conversely, lower VAI and LAPI cutoffs 
were highly specific in their ability to designate a 
subject who does not have a disease as negative. 
However, lower VAI and LAPI cutoffs exhibited poor 
“rule-in” test (PPV≤25.0%) indicating that many of 
the positive results from these testing procedures 
were false positives. Thus, it will be necessary to 
follow up any positive result with a more reliable 

test to obtain a more accurate assessment whether 
CKD is present. On average, the VAI and LAPI were 
higher in women than in men, though this 
difference was not significant. This finding is not in 
line with a previous study on the southern Chinese 
population that found a strong correlation between 
VAI scores and CKD in females but not in males [38]. 
Also, Palmer et al. [39] observed more abdominal 
obesity in women than men. The difference with 
the present findings could be explained by the fact 
that all participants in this study were registered at 
the diabetic clinic, routine checks and close follow 
up were done, and medications were given to 
control cholesterol levels for those who showed 
high values which could have possibly affected 
values of VAI. The mechanisms underlying the 
gender-specific differences of VAI and LAPI could be 
explained by the fact that different sex hormones 
might act on fat distribution which subsequently 
affects the association between obesity and CKD. 
Female hormones mainly estrogens can  
regulate adipose deposition and function in 
females affecting fat deposition and waist 
circumferences [40]. 

In the present study, factors such as education and 
physical activity were inversely statistically 
associated with the prevalence of CKD in the study 
population. These findings are consistent with the 
previous report on the association of unhealthy 
lifestyle behaviors with CKD and the lack of habitual 
moderate exercise, and daily physical inactivity 
among men receiving their periodic health check at 
a health care center in Fukuoka University in 
Japan [41]. In fact, education gives individuals 
knowledge that enabled them to improve on 
personal health choices and equally improved 
earning power, and better access to quality health 
care. Education equally helped individuals access 
information and recognize the health implications 
of behaviors such as alcohol consumption and 
cigarette smoking, helping the individuals of this 
category to take actions that optimize their health 
and that of their children, and to properly manage 
their illnesses [42]. Similarly, lack of habitual 
exercise and decreased physical activity influence 
the development of CKD through obesity due to the 
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accumulation of low-density lipoprotein 
cholesterol, promotion of hypertension, and type 2 
diabetes [43]. The present study was a cross-
sectional design study covering the participant´s 
variables within a given punctual period of time. 
However, many factors in patient life such as 
medications, food intake as well as socio-
environmental factors are susceptible to influence 
the occurrence and progression of CKD. Therefore, 
the temporal relation between risk factors and CKD 
is limited and only a longitudinal design study could 
provide better indications to disease management. 
Also in the present study, VAI and LAPI as indicators 
were unable to distinguish between positive and 
false positive results. Moreover, due the outbreak 
of the Coronavirus pandemic and increasing 
insecurity in the North West region of the country, 
many participants across the country could not 
attend the hospital and consequently, the present 
findings are not representative of the patients 
suffering from CKD across the country. 

Conclusion     

Findings from this study supported VAI and LAPI as 
good markers in identifying CKD among diabetic 
and hypertensive patients, despite the low control 
on false positives (poor “rule-in” tests). Educational 
level and physical exercise were positively 
associated with CKD occurrence among diabetic 
and hypertensive patients. Medical practices 
should be encouraged to incorporate VAI and LAPI 
as early detection tools of CKD among diabetic and 
hypertensive patients. 

What is known about this topic 

 Diabetes and hypertension are common risk 
factors of chronic kidney disease (CKD); 

 Traditional anthropometric indices have 
shown some limitations in predicting the 
occurrence of chronic kidney disease; 

 Visceral adiposity index (VAI) and lipid 
accumulation product index (LAPI) are new 
indices that have been proposed to better 
prevent CKD burden among diabetic and 
hypertensive patients. 

What this study adds 

 Visceral adiposity index and lipid 
accumulation product index were good 
markers in identifying chronic kidney 
disease among diabetic and hypertensive 
Cameroon patients; 

 These indices shall be incorporated to 
commonly used parameters for better 
management of chronic kidney disease in 
the local settings. 
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Table 1: socio-demographic characteristics of enrolled participants   

Socio-demographic data N (%) 

Age (years)   

25-34 12 (6.0) 

35-44 261(3.0) 

45-54 47(23.5) 

55-64 62(31.0) 

65-74 31(15.5) 

75+ 22(11.0) 

Sex   

Female 123(61.5) 

Male 77(38.5) 

Marital status   

Single 20(10.0) 

Married 141(70.5) 

Widow/widower 39(19.5) 

Occupation   

Employed 51(25.5) 

Farmer 34(17.0) 

House wife 14(7.0) 

Other 85(42.5) 

Unemployed 16(8.0) 

Race/ethnicity   

Fulani 9(4.5) 

Grass-field 182(91.0) 

Other 9(4.5) 

Educational level   

None 23(11.5) 

Primary 50(25.0) 

Secondary 88(44.0) 

University 39(19.5) 
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Table 2: anthropometric parameters of the participants 

Parameters Male Female Total 

N (%) N (%) N (%) 

Body mass index (BMI)     

Underweight 3 (3.9) 1 (0.8) 4 (2.0) 

Normal 24 (31.2) 22 (17.9) 46 (23.0) 

Overweight 34 (44.2) 48 (39.0) 82 (41.0) 

Class I obesity 10 (13.0) 26 (21.1) 36 (18.0) 

Class II obesity 5 (6.5) 19 (15.4) 24 (12.0) 

Class III obesity 1 (1.3) 7 (5.7) 8 (4.0) 

Waist circumference (WC)     

Very low 6 (7.8) 0 (0.0) 6 (3.0) 

Low 40 (51.9) 47 (38.2) 87 (43.5) 

High 28 (36.4) 62 (50.4) 90 (45.0) 

Very high 3 (3.9) 14 (11.4) 17 (8.5) 
 

 

Table 3: biochemical parameters of the participants 

  Frequency Percent 

Total cholesterol     

Excellent 17 8.5 

Average 91 45.5 

Very high 92 46.0 

HDL cholesterol     

Low 46 23.0 

Normal 154 77.0 

low-density lipoprotein cholesterol     

Normal 125 62.5 

Too high 75 37.5 

Triglycerides     

Normal 151 75.5 

Too high 49 24.5 

Urea (mg/dL)     

Normal 119 59.5 

Too high 81 40.5 

Creatinine (mg/dL)     

Normal 93 46.5 

Too high 107 53.5 
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Table 4: mean of visceral adiposity index and lipid accumulation product index of participants with and 
without CKD 

  Visceral adiposity index (VAI) p-value 

Variable Frequency Mean ± SD   

CKD=No 85 2.36±1.30 p˂0.001 

CKD=Yes 115 6.48±6.86 

  Lipid accumulation product index (LAPI)   

CKD=NO 85 3459.59 ± 3610.46 p˂ 0.01 

CKD=Yes 115 5488.83 ± 5252.33 
 

 

Table 5: bivariate analysis of anthropometric and biochemical parameters affecting the chronic kidney 
disease occurrence 

Variables CKD 

Unadjusted OR p-value 

Visceral adiposity index (VAI) 1.13 (1.05-1.22) 0.002 

Lipid accumulation product index (LAPI) 1.00 (1.00-1.00) 0.028 

Age (year) 1.35 (0.66-2.78) 0.409 

Sex     

Female 1.61 (0.22-11.70) 0.636 

Male 1   

Waist circumference (WC)     

Abnormal 1.15 (0.12-11.35) 0.904 

Normal 1   

Body mass index (BMI)     

Abnormal* 3.17 (0.44 –23.13) 0.255 

Normal 1   

Creatinine (mg/dl) 1.36 (1.13-1.62) 0.001 

Urea (mg/dl) 1.02 (1.01-1.03) 0.001 

Total cholesterol (mg/dl) 1.01 (0.99-1.02) 0.291 

High-density lipoprotein-cholesterol (mg/dl) 0.87 (0.78-0.97) 0.013 

low-density lipoprotein-cholesterol (mg/dl) 1.00 (0.99-1.01) 0.537 

Triglycerides (mg/dl) 1.00 (0.99-1.01) 0.859 

Total cholesterol/HDL ratio 1.38 (1.12-1.71) 0.003 

*abnormal in this case considers both under nutrition (BMI < 18.5) and over nutrition (BMI>24.9) 

 

 

Table 6: sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), and area 
under the ROC (AUROC) of the 9.905 cut off for visceral adiposity index (VAI) and the 5679 cut off for lipid 
accumulation product index (LAPI) as indicators of chronic kidney disease 

Indicator AUROC Sensitivity Specificity NPV PPV 

VAI 0.954 75.0 95.4 99.5 25.0 

LAPI 0.800 75.0 79.6 99.4 7.0 
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Figure 1: prevalence of the chronic kidney disease stages in the study population 

 

 

 

Figure 2: prevalence of chronic kidney disease in the study population as function of 
gender 
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Figure 3: prevalence of chronic kidney disease in the study population as function 
of the age range 

 

 

 

Figure 4: influence of education and physical activity and among chronic kidney 
disease participants 
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Figure 5: receiver operating characteristics curve (roC) of visceral adiposity index (VAI) and Lipid 
accumulation product index (LAPI) as predictors of chronic kidney diseases 
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