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Abstract
Background- Cardiovascular disease is the cause of one-third of deaths worldwide and this status is likely
to progress because of increasing CVD's risk factors like intake of cholesterol and saturated fat. There is
no clear evidence that a poor diet in childhood is associated with CVD risk factor development and
adverse vascular health in adulthood. Hence, it is important to look at the effects of complementary
foods. Therefore, this study assessed the cardioprotective effects of insect bee larvae (Apis Melifera)
based complementary foods in young white albino mice

Methods- The experiment was conducted using a randomized control design. Data were analyzed using
IBM SPSS version 23. A total of Seventy-�ve male white Albino mice were randomly assigned to �ve diets
in triplicate. The diets were Diet 1= Casein diet; Diet 2= (57% Maize, 29% Teff, 14% Soybean); Diet 3= (58%
Maize, 29% Teff, 13% Bee larvae); Diet 4=Commercial wean mix; and Diet 5= Basal diet alone. The study
was conducted for 28 days with seven days of acclimatization. Diet and water were given ad libitum. The
mice blood sample was collected from a cardiac puncture. Lipid pro�les of TC, TG, HDL-C and LDL-C
evaluations were analyzed using automated pentra C400 made in France. 

Results- The results showed a statistically signi�cant difference (P<0.001) of lipid pro�les between
treatments. Biochemical (mg/dl) parameters showed Diet 3 were recorded high TG (167.79) and HDL-C
(67.18) and low in LDL-C (71.73). Atherogenic indices of Diet 3 were low in CRI-I (1.84), CRI-II (1.07), and
AC (0.84). LDL-C levels were positively correlated with all atherogenic indices, while HDL-C levels were
negatively correlated. Atherogenicity indices showed signi�cant positive associations (P<0.001) with one
another; CRI-I vs CRI-II (r=0.919), CRI-I vs AC (r=1), CRI-II vs AC (r= 0.919). Nevertheless, AIP was positively
correlated with CRI-I, CRI-II, and AC, however, this was not statistically signi�cant (P>0.05).

Conclusions- Intake of insect bee larvae-based diet could have the potential to protect from
atherosclerotic cardiovascular disease in infants and young children. However, further studies on the
adverse effects of the developed complementary foods on clinical and histopathological trials should be
conducted. 

1. Background
Nowadays, worldwide cardiovascular disease (CVD) is the leading cause of morbidity and mortality
(Weber & Noels, 2011; WHO, 2018), representing 30% of all deaths worldwide (Casas et al., 2018). The
development of coronary heart disease (CHD) is a common disease caused by increased intake of
cholesterol and saturated fat, decreased intake of polyunsaturated fatty acids (PUFAs), and increased
obesity (Kuller, 2006). However, the associations of total cholesterol and the relative amount of
cholesterol in individual lipoprotein classes to CHD are complicated (Castelli et al., 1983).

The internalization of lipids, especially low-density lipoproteins (LDL), in the intima contributes to the
early stages of atherosclerosis, which leads to endothelial dysfunction (Mehta & Malik, 2006).
Atherosclerosis is an in�ammatory disease that contributes to the major incidence and mortality of CVD
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(Casas et al., 2018). In the process of atherosclerosis, lipids accumulate on the walls of blood vessels
and cause in�ammatory reactions, thereby stimulating the development of atherosclerosis (Weber &
Noels, 2011). For early atherosclerosis and CVD lipid pro�le of (dyslipidemia) is a major risk factor (Al
Shawaf et al., 2020; Kanthe et al., 2012). Dyslipidemia is de�ned as a rise in plasma lipid concentrations
(triglycerides (TG) and total cholesterol (TC), as well as their blood-carrying lipoproteins of high density
lipoproteins cholesterol (HDL-C), and LDL-C (U. Nwagha et al., 2010). The signi�cance of dyslipidemia is
based on the triad of an increase in LDL and triglycerides (Ng et al., 1992) particles and a decrease in
HDL levels (Rached et al., 2014). Lowering LDL-C levels is well established as an intervention for reducing
CVDs (Rached et al., 2014).

So, to reduce the risk e�cient and effective therapies are highly needed (Soppert et al., 2020; Weber &
Noels, 2011). Natural and dietary bioactive compounds (Mozaffarian & Ludwig, 2010), and a healthy
lifestyle (Berciano & Ordovás, 2014; Shari�-Rad et al., 2020) are believed to prevent coronary artery
disease (Shari�-Rad et al., 2020). Also, dietary Saturated Fatty Acids (SFA) restriction has long been a
pillar of CVD dietary treatment (Siri-Tarino & Krauss, 2016). As a result, identifying and classifying
nutrients and foods that help prevent CVD is crucial (Lacroix et al., 2017).

Diet has a signi�cant in�uence on the progress and anticipation of CVD (Berciano & Ordovás, 2014;
Briggs et al., 2017). The main lifestyle strategy for lowering CVD risk is to eat a diverse diet, with existing
recommendations emphasizing lowering LDL-C by limiting SFA consumption (Siri-Tarino & Krauss, 2016).
Saturated and trans fatty acids boost overall and LDL-C, which is both linked to an increased risk of CHD.
As a result, the use of saturated and trans fatty acids should be restricted. Natural health products are
becoming more common, and they can help sustain and avoid CVDs (Shari�-Rad et al., 2020). SFA and
monounsaturated fatty acids (MUFA) (Chane et al., 2018) have similar compositions across life stages
and diets.

Honeybees at all stages of development are an excellent food source due to their high protein content
and optimal compositions of saturated and mono-unsaturated fatty acids (Finke, 2005; Ghosh et al.,
2016). Palmitic, stearic, and oleic acids are the dominant fatty acids in all stages of bee broad (Ghosh et
al., 2016; Haber et al., 2019). A high level of SFA is related to atherosclerosis and heart failure, however,
some of them, such as stearic acid, which is found in the bee larvae, help to lower LDL cholesterol levels
(Mensink, 2005). Therefore, the inclusion of bee larvae with others food ingredients can be used to
develop complementary foods (CFs) that are nutritionally adequate and healthy (Shewangzaw et al.,
2021). The raised levels of TC, LDL-C, and TG, as well as HDL-C, have traditionally been associated with
atherosclerosis. Currently, the Atherogenic Index of Plasma (AIP) (Wu et al., 2018), Castelli’s risk indices I
(CRI-I) and II (CRI-II), and the Atherogenic Coe�cient (AC) parameters are used for a better prognosis in
cases of CVDs (Afrifa et al., 2019; Castelli et al., 1983).

There is now clear evidence that a poor diet in childhood is associated with CVD risk factor development
and adverse vascular health in adulthood. Thus, a higher-quality diet during childhood is associated with
a lower incidence of CVD risk factors and better vascular health in adulthood (Briggs et al., 2017). For
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both nutritional and developmental reasons, CF is needed when breast milk (or infant formula) alone is
no longer available (Przyrembel, 2012). Since infants readily adopt new foods and easily learn to like
them, the starting of complementary feeding is a critical time for the formation of food preferences
(Chambers, 2016). Additionally, interest in the quality of dietary lipid supply in early childhood as a major
determinant of growth, infant development, and long-term health is presently growing (Uauy & Castillo,
2003). Dietary lipids have an early impact on cholesterol synthesis and are linked to cardiovascular
morbidity and mortality later in life (Uauy & Castillo, 2003). Malnourished children with congenital heart
disease are common (Vieira et al., 2007). Though, there is no indication that the age at which CFs are
added affects the likelihood of CHD (Przyrembel, 2012). Some evidence that growth rates during some
stages of childhood and adolescence affect risk. The low birth weight, combined with a rapid rise in body
mass index in early childhood is linked to the highest risk (Prentice & Williams, 2011). However, there is
no research output on the association of insect-based bee larvae-developed CFs with cardioprotective or
cardiovascular disease on infants and young children using an in-vivo mice model on the serum lipid
pro�les. Therefore, the objective of the present study was to evaluate the cardioprotective effects of
insect bee larvae (Apis Melifera) based CFs in young white albino (BALB/c) mice.

2. Materials And Methods

2.1. Experimental Animals
The ethical committee of the College of Veterinary Medicine and Animal Sciences, University of Gondar,
Ethiopia, approved the experimental animal care and experimentation in this study, which followed the
National Institutes of Health (NIH) Guide for Care and Use of Laboratory Animals and the EEC directive of
1986 (86/609/EEC). An average of 26–28 days old seventy-�ve males white Albino Mice, with an average
body weight of 31.57 ± 1.42 g, were used. The mice were randomly assigned to �ve groups (n = 15) �ve
animals per cage. The experiment was conducted for twenty-eight days and seven days of
acclimatization under the same environmental conditions (room To 26 ± 0.42°C, and relative humidity 55 
± 5%, and a 12 hr. light-dark cycle). Clean tape water and diets were provided ad libitum throughout the
experiment.

2.2. Experimental Procedures
The experimental diets are shown in Table 1. The basal diets were developed, according to the
recommendations of (Adeoti et al., 2018). The experimental diet of the two complementary diets were
formulated from locally available foodstuffs using Nutrisurvey software (version, 2007) and processed
by extrusion technology as reported by ((Shewangzaw et al., 2021). Finally, each group of experimental
animals was assigned to each experimental diet.
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Table 1
Experimental Diet Formulation and Preparation

Diets Protein content % Wt. of Basal Diet (g) Wt. of Food (g) Total (g)

Diet 1 99 898.99 101.01 1000

Diet 2 12.56 203.82 796.18 1000

Diet 3 11.75 148.94 851.06 1000

Diet 4 10.78 72.36 927.64 1000

Diet 5   1000   1000

Were Diet 1- Casein diet; Diet 2- soybean (14%), teff (29%), and maize (57%); Diet 3- bee larvae (13%), teff
(29%), and maize (58%) ; Diet 4- Commercial wean mix (enriched mama’s choice); Diet 5- Basal diet alone
( 610 g/kg corn starch, 50 g/kg wheat bran, 100 g/kg vegetable oil, 50 g/kg mineral, and vitamin premix,
60 g/100kg glucose, 88 g/kg sucrose, 20g/kg oyster shell, 2g/kg NaCl, and 20 g/100kg bone meal)

2.3. Blood Sample Collection and Analysis
Fasted blood serum was used for the determination of biochemical lipid pro�les of TC, TG, HDL-C, and
LDL-C. Animals were fasted for 12 hours prior to blood sample processing. Whole blood samples were
collected from cardiac puncture mice (Hoff, 2000), using a 25 gauge needle and syringe anesthetized
with xylazine and ketamine (Parasuraman et al., 2017; Santos Ed Wilson et al., 2016). The collected blood
samples were immediately collected into the heparin-coated tubes of serum containers and placed on wet
ice for further lipids analyses (Pierre et al., 2011). Sera was isolated from the whole blood, centrifuged at
3000 rpm for 10 min at 4°C digital laboratory centrifuge (TD4C dc brushless motor centrifuge, Hunan,
China).

2.3.1. Lipids Pro�le Analysis
Brie�y, 50-µL blood was aspired into a needle for the biochemical test, divided, and distributed for sample
analysis to the chambers (Mazzaccara et al., 2008). Lipid pro�les of TC, TG, HDL-C and LDL-C
evaluations were done using automated pentra C400 made in France.

2.3.2. Atherogenic and Castelli’s Risk Indices
Finally, atherogenic indices - Castelli’s risk indices (CRI-I) = TC/HDL-C, (CRI-II) = LDL-C/HDL-C, Atherogenic
Coe�cient (AC) = (TC–HDL-C)/ HDL-C, Atherogenic Indices of Plasma (AIP) = log (TG/HDL-C) was
calculated (Akangbou et al., 2018; Ikewuchi, 2009; Olamoyegun et al., 2016).

2.4. Statistical Analysis
Data on lipid pro�les of TC, TG, HDL-C, and LDL-C, and atherogenic and Castelli's risk indices were
presented as means and standard deviations. Person correlation between Atherogenic Indices and lipid
pro�les was calculated. Data were analyzed using SPSS for windows version, 23.0. The data obtained
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were subjected to one-way analysis of variance and Tukey’s Honest Signi�cant Difference test was used
to examine the similarities among all experimental groups. The level of signi�cant difference in P-Value
(P < 0.05) was considered.

3. Results

3.1. Lipid Pro�le
Results of the lipid pro�le (mg/dl) among experimental diets are indicated in Table 2. The lipid pro�les of
TC, TG, HDL-C, and LDL-C were statistically signi�cantly different (P < 0.001) between experimental
treatments. Mice intake of diet 4 had low records of TC (112.52 mg/dl), TG (97.83 mg/dl), and HDL-C
(47.87 mg/dl). Also, mice assigned to diet 5 had high records of serum TG, LDL-C, and low HDL-C, which
were 153, 102, and 50.12 mg/dl, respectively. Mice intake of bee larvae containing CF (diet 3) had high (P 
< 0.001) records of TG (167.79 mg/dl) and HDL-C (67.18 mg/dl), and low in LDL-C (71.73 mg/dl) as
compared to the other treatments. The increase in plasma HDL-C is considered to reduce the risk of
coronary heart disease.

Among the experimental groups, Diet 2, Diet 3, and Diet 5 had high TC (mg/dl) in the blood, which was
131.23, 123.34, and 121.06, respectively. However, based on the present �ndings, it is di�cult to be very
certain that the diets caused CVDs. Therefore, further atherogenic indices should be calculated to identify
a predictive indicator of coronary artery diseases.

Table 2
Comparison of serum lipid pro�le (mg/dl) of experimental Diets.

Lipid
pro�le

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 P-
Value

TC 113.07 ± 
4.13b

131.23 ± 
1.19a

123.34 ± 
2.23a

112.52 ± 
5.25b

121.06 ± 
1.77a

< 
0.001

TG 141.25 ± 
0.79c

123.04 ± 
2.23d

167.79 ± 
3.85a

97.83 ± 
1.06e

153.96 ± 
1.52b

< 
0.001

HDL-C 59.53 ± 
2.63b

59.28 ± 
0.85b

67.18 ± 
0.67a

47.87 ± 
2.15c

50.12 ± 
1.15c

< 
0.001

LDL-C 86.66 ± 
2.11c

92.12 ± 
1.09b

71.73 ± 
0.60d

94.74 ± 
1.40b

102.30 ± 
2.12a

< 
0.001

The results are presented as SD of the means. means with different superscripts (alphabets) in the same
row are signi�cantly different (P < 0.05); Diet 1 = Casein diet + Basal diet; Diet 2 = maize, teff with soybean 
+ Basal diet; Diet 3 = maize, teff with bee larvae + Basal diet; Diet 4 = commercial wean mix (enriched
mama’s choice) + Basal diet; Diet 5 = Basal diet alone; TC: Total Cholesterol; TG: Triglyceride; HDL-C: High-
Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol
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3.1.1. Atherogenic and Castelli’s Risk Indices
Results of AIP, CRI-I, CRI-II, and AC were found to be a statistically signi�cant difference (P < 0.001)
between experimental diets (Table 3). The high AIP, CRI-I, CRI-II, and AC were recorded on Diet 5, which
was 0.49, 2.50, 2.04, and 1.50, respectively. Also, Diet 4 was recorded high CRI-I (2.35), CRI-II (1.98), and
AC (1.35). However, Diet 3 i.e the bee larvae containing had a low recoded of CRI-I (1.84), CRI-II (1.07), and
AC (0.84).

Table 3
Distribution of Atherogenic Indices of Plasma, Castelli’s Risk Indices, and Atherogenic Coe�cient Among

Experimental Treatments.
Indices Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 P-Value

AIP 0.38 ± 0.03b 0.32 ± 0.01c 0.40 ± 0.01b 0.31 ± 0.02c 0.49 ± 0.01a 0.000

CRI

I 1.90 ± 0.08c 2.21 ± 0.04b 1.84 ± 0.04c 2.35 ± 0.04ab 2.50 ± 0.08a 0.000

II 1.46 ± 0.08b 1.55 ± 0.02b 1.07 ± 0.00c 1.98 ± 0.12a 2.04 ± 0.04a 0.000

AC 0.90 ± 0.08c 1.21 ± 0.04b 0.84 ± 0.04c 1.35 ± 0.04ab 1.50 ± 0.08a 0.000

The results are presented as SD of the means. means with different superscripts (alphabets) in the
same row are signi�cantly different (P < 0.05); Diet 1 = Casein diet + Basal diet; Diet 2 = maize, teff
with soybean + Basal diet; Diet 3 = maize, teff with bee larvae + Basal diet; Diet 4 = commercial wean
mix (enriched mama’s choice) + Basal diet; Diet 5 = Basal diet alone; AIP = Atherogenic Indices of
Plasma; CRI = Castelli’s Risk Indices; AC = Atherogenic Coe�cient

Table 3
The distribution of Atherogenic Indices of Plasma, Castelli’s Risk Indices, and Atherogenic Coe�cient

Among the Experimental Treatments.
Indices Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 P-Value

AIP 0.38 ± 0.03b 0.32 ± 0.01c 0.40 ± 0.01b 0.31 ± 0.02c 0.49 ± 0.01a 0.000

CRI

I 1.90 ± 0.08c 2.21 ± 0.04b 1.84 ± 0.04c 2.35 ± 0.04ab 2.50 ± 0.08a 0.000

II 1.46 ± 0.08b 1.55 ± 0.02b 1.07 ± 0.00c 1.98 ± 0.12a 2.04 ± 0.04a 0.000

AC 0.90 ± 0.08c 1.21 ± 0.04b 0.84 ± 0.04c 1.35 ± 0.04ab 1.50 ± 0.08a 0.000

The results are presented as SD of the means. means with different superscripts (alphabets) in the
same row are signi�cantly different (P < 0.05); Diet 1 = Casein diet + Basal diet; Diet 2 = maize, teff
with soybean + Basal diet; Diet 3 = maize, teff with bee larvae + Basal diet; Diet 4 = commercial wean
mix (enriched mama’s choice) + Basal diet; Diet 5 = Basal diet alone; AIP = Atherogenic Indices of
Plasma; CRI = Castelli’s Risk Indices; AC = Atherogenic Coe�cient
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3.1.2. Person Correlation Between Atherogenic Indices and
Risk Factors
Results of correlation between Atherogenic indices of AIP, CRI-I, CRI-II, and AC and risk factors of TC, TG,
HDL-C, and LDL-C are illustrated in Table 4. Results showed that there was a positive correlation of AIP
with TC (P = 0.68; r = 0.115) and LDL-C (P = 0.59; r = 0.151), and a signi�cant positive correlation with TG
(P = 0.00; r = 0.737). However, AIP was inversely correlated (P = 0.73; r= -0.096) with HDL-C. AIP was a
positive correlation with TC, TG, and LDL-C and a negative correlation with HDL-C cholesterol. TC had no
signi�cant difference (P > 0.05) but, a positive correlation between AIP (r = 0.115), CRI-I and AC (r = 0.161),
and negatively correlation with CRI-II (r= -0.190). However, plasma TG had a negative association (P > 
0.05; r= -0.429) between indices of CRI-I and AC. Similarly, HDL-C level showed a signi�cant difference (P 
< 0.001) and was negatively correlated between CRI-I (r=-0.872), CRI-II (r=-0.971), and AC (r=-0.872).
However, LDL-C levels showed a signi�cant (P < 0.001) positive correlation between CRI-I (r = 0.875), CRI-II
(r = 0.931), and AC (r = 0.875). Correlation of individual atherogenicity indices showed signi�cant positive
associations (P < 0.001) with one another; CRI-I vs CRI-II (r = 0.919), CRI-I vs AC (r = 1), CRI-II vs AC (r = 
0.919). Though, indices of AIP were not statistically signi�cantly correlated but, positively correlated with
CRI-I (P = 0.47; r = 0.204), CRI-II (P = 0.57; r = 0.16), and AC (P = 0.47; r = 0.204), respectively.

Table 4
Person Correlation between Atherogenic Indices and Lipid Pro�les of experimental treatments.

Parameters AIP CRI-I CRI-II AC

r p-Value r p-Value r p-Value r p-Value

TC 0.115 0.68 0.161 0.57 -0.190 0.50 0.161 0.57

TG 0.737 0.002** -0.429 0.11 -0.535 0.04* -0.429 0.08

HDL-C -0.096 0.73 -0.872 0.00** -0.971 0.00** -0.872 0.00**

LDL-C 0.151 0.59 0.875 0.00** 0.931 0.00** 0.875 0.00**

AIP - 1 0.204 0.47 0.160 0.57 0.204 0.47

CRI-I 0.204 0.47 - 1 0.919 0.00** 1 0.00**

CRI-II 0.160 0.57 0.919 0.00** - 1 0.919 0.00**

AC 0.204 0.47 1 0.00** 0.919 0.00** - 1

TC: Total cholesterol; TG: Triglyceride; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-
Density Lipoprotein Cholesterol; AIP: Atherogenic indices of plasma; CRI: Castelli s Risk Indices; AC:
Atherogenic Coe�cient *= Correlation is signi�cant at the 0.05 level; ** Correlation is signi�cant at the
0.01 level

4. Discussions
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Nutrient consumption in infancy in�uences lipid pro�le (Thorsdottir et al., 2003). The diet of high lipids
causes hyperlipidemia, which was marked by an increase in TC, TG, LDL-C, and a decrease in HDL-C
(Sa’adah et al., 2017), and was the key factor in CVD progression (Kazemi et al., 2018). Additionally,
according to the reports of (Chandrashekhar et al., 2020), LDL-C was proatherogenic and oxidation of
LDL-C within the arterial wall would be an important early step in atherogenesis. Serum cholesterol (and
hence LDL-C) has constantly been shown to be a signi�cant risk factor for CHD and other major CVD as
well.

According to the �ndings of (Haber et al., 2019), honey bees had an increased amount of palmitic and
oleic acid, which was the dominant fatty acid determined in the larvae. Therefore, diets richer in palmitic
and oleic acid like diet 3 increase the HDL-C levels and decrease LDL-C or lower the ratio of LDL-C to HDL-
C (CRI-II) (Cook et al., 1997; Ng et al., 1992; Tinahones et al., 2004). Also, this Monounsaturated Fatty
Acids (MUFA) omega-9 fatty acid is important in the human diet; it has been proven effective to reduce
LDL and TC levels (Mattson & Grundy, 1985). High HDL-C protects the body by boosting reverse
cholesterol transport by scavenging excessive cholesterol from peripheral tissues, which is then esteri�ed
with the aid of lecithin: cholesterol acyltransferase and transports to the liver and steroidogenic organs
for the synthesis of bile acids and lipoproteins and ultimate removal from the body (Ademuyiwa et al.,
2005; Ikewuchi, 2009).

LDL-C was shown to be the primary cause of the link between elevated cholesterol and an increased risk
of heart disease. HDL-C, on the other hand, has been inversely related to the risk of death from coronary
heart disease (Kannel et al., 1979). So, the “cholesterol hypothesis” was born because of these studies,
which hypothesized that LDL-C is responsible for the progression of atherosclerosis and that reducing
LDL-C would lower the risk of myocardial infarction and other cardiovascular events. (Soppert et al.,
2020). Therefore, the present study showed that diet 3 had recorded low LDL-C and high HDL-C, and low
records of CRI-I, CRI-II, and AC. The correlation of HDL-C with other indices was in line with the report of
(Afshinnia & Pennathur, 2020) a strong inverse relationship between HDL-C levels and risk of CVD.

The elevation of serum TC, TG, and LDL-C has been implicated as a principal risk factor for
atherosclerotic CVD (Erukainure et al., 2011). In this study diet 5 had a high record of LDL-C, and therefore
the probability of causing CVD would be highest than the other diets. Therefore, to reduce the risk of CVD,
current recommendations focus on lowering LDL-C by reducing the intake of saturated fat (Siri-Tarino &
Krauss, 2016). The lower plasma HDL-C has indicated the risk of CVD (Ikewuchi, 2009; Martirosyan et al.,
2007). From the results perspective, the lower concentration of LDL-C in diet 3 would be associated with
the inclusion of bee larvae in the developed foods, which had high in MUFAs, and enrichment of the diet
with MUFA lowers LDL-C (Ghosh et al., 2016; Kris-Etherton, 1999). From the �ndings, isolated elevation in
TG (diet 3) increases CVD risk; however, according to the report of (Stensvold et al., 1993), these effects
can be balanced by cardioprotective lipoprotein of HDL-C. The �nding has supported a study by (King,
2012) that reported high levels of HDL-C that was associated with reduced cardiovascular risk.
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A high-fat diet's signi�cant in�uence on serum lipids, (Holman, 1961), has been related to metabolic and
CVD (dos Santos Lacerda et al., 2018). Also, serum lipid levels, especially serum cholesterol were a major
risk factor for atherosclerosis and CVDs that signi�cantly contributes to mortality (Harit et al., 2008). Also,
Mott and colleagues (Mott et al., 1991) reported elevated atherosclerotic lesions that were associated
with elevated plasma TC levels, and these were related to increased cholesterol levels in children’s diets.
So, a decrease in serum lipids leads to the good functioning of the heart muscle (Amara. et al., 2020).
According to the report of (Billingsley & Carbone, (2018), a lower intake of PUFAs and a higher intake of
dietary cholesterol and saturated fats raise blood total cholesterol levels.

From the results of blood lipid pro�les, it was di�cult to conclude which experimental diet had a
cardioprotective potential and prevents infants or children from CVD. In addition to routine lipid
investigations, the inclusion of atherogenic indices was a better index for screening for early detection of
atherogenic CVD (Sasikala & Goswami, 2020). Furthermore, if other atherogenic risk parameters tend to
be normal, atherogenic indices would be a viable diagnostic option (U. I. Nwagha & Igwe, 2005).
Therefore, the lipid pro�le assay has found a useful application in the assessment of malnourished
children (Kimak et al., 2000; Taskinen, 2000). AIP (Niroumand et al., 2015; Ranjit et al., 2015; Sasikala &
Goswami, 2020) and AC (Dobiasˇova, 2004) were also useful diagnostic tools to predict the risk of
atherosclerosis and coronary heart disease the higher the value, the higher the risk of developing CVD and
vice versa.

During atherogenesis, lipids accumulate in the vascular wall and trigger in�ammatory reactions that
stimulate atherosclerosis progression (Weber & Noels, 2011). However, the results of the mice assigned
on both Diet 4 and 5 would be the prediction of cardiovascular events (Edwards et al., 2017). Also, CRI-II
presented more prognostic value compared with ordinary LDL-C or HDL-C fractions (Sasikala & Goswami,
2020). Thus, this �nding agreed with the study of (Bo et al., 2018; Niroumand et al., 2015). Results of TC
and any indices of atherogenicity were agreed with the report of (Kamoru et al., 2017), and a statistically
signi�cant association was observed.

Conclusions
Results of the present study revealed that the use of atherogenic indices is an indicator to con�rm either
the diets are potentially causing or be associated with CVD or not as compared to the traditional lipid
pro�le. The results of atherogenic indices: TC/HDL-C, LDL-C/HDL-C, and (TC–HDL-C)/ HDL-C showed
that intake of bee larvae-based complementary foods could be used to prevent the risk of atherosclerotic
cardiovascular disease. However, further research on fatty acids pro�les of the diets, diets on
histopathology changes on mice, and intake of developed complementary foods on physiological and
biological effects on infants and young children should be conducted.
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