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Abstract  
 

Background: Sampling time and containers used for sample collection are crucial preanalytical processes, dictating the 

accuracy and precision of lipid profile results. We compared the effect of sampling time, routine containers, and diet types 

on lipid profiles. Methods: This cross-sectional study was conducted among final-year students of the Department of 

Biochemistry at the Federal University Otuoke, Bayelsa State, in 2024. A total of 150 participants were recruited for this 

study. Fasting, starvation, and random blood samples were collected from each patient into plain containers, lithium 

heparin, K2EDTA, and fluoride oxalate containers simultaneously on daily staged structures. Samples in anticoagulant 

tubes were immediately centrifuged, and plasma was obtained while samples in plain containers were made to clot before 

centrifugation to obtain serum. The plasma and serum obtained were used to estimate the concentrations of total cholesterol 

(TC), triglyceride (TG), low-density lipoprotein (LDL-c), and high-density lipoprotein (HDL-c) using an automated 

chemistry analyzer. Results: The study shows a significant mean increase (P<0.05) in TC and LDL concentrations in the 

fasting and starvation groups compared to the control and random samples. Similarly, the anticoagulants used revealed a 

significant mean increase (P<0.05) in the concentrations of TC and LDL in lithium heparin and fluoride oxalate compared 

to EDTA and plain containers. Furthermore, the findings revealed a significant increase in triacylglycerol concentration in 

the lipid diet group when compared to other groups, whereas other parameters were stable. Conclusions: Random sampling 

in lipid profile estimation could be more suitable as a choice condition, comparable to fasting or starvation sampling. In a 

similar vein, the suitability index of sample containers placed K2EDTA and plain containers as a better choice for lipid 

profile estimation, comparable to lithium heparin and fluoride oxalate.   
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INTRODUCTION  
Lipids are a broad group of organic compounds 

that include fats, waxes, sterols, fat-soluble vitamins, 

monoglycerides, triglycerides, phospholipids, and 

others. The functions of lipids include storing energy, 

signalling, and acting as structural components of cell 

membranes [1]. Lipids such as cholesterol and 

triacylglycerol are crucial in the efficiency of most 

systemic mechanisms of the body [2]. 

 

Lipid parameters such as total cholesterol, 

triacylglycerol, high-density lipoprotein cholesterol 

(HDL-C), and low-density lipoprotein cholesterol (LDL-

C) form the strings of investigation called lipid profile or 

panel. The profile is an important biomarker for 

assessing cardiovascular health. Accurate analysis and 

monitoring of lipid parameters are critical in evaluating 

and treating various health conditions, especially those 

related to cardiovascular disease [3]. 

 

Laboratory analysis of lipid profile involves 

pre-analytical, analytical, and post-analytical stages that 

culminate in the generation of accurate results used for 

the disease diagnosis and management of patients. 

However, the pre-analytic stage involving the choice of 

blood container (anticoagulant or plain) is crucial in 

generating accurate and precise laboratory results. 

Containers such as lithium heparin, plain, 

ethylenediaminetetraacetic acid (EDTA), and fluoride 

oxalate are the most routinely used in the laboratory. The 

preference for these containers for collecting blood 
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Eni-Yimini Solomon Agoro et al, Saudi J Biomed Res, Sep, 2025; 10(9): 298-305 

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                           299 
 

 

samples for lipid profile determination varies with 

diverse perspectives [4]. Whereas some prefer EDTA, 

others are supportive of plain containers.  

 

In a similar vein, the literature is not decisive on 

the time of sample collection.  However, fasting samples 

are believed to be the most suitable for lipid profile 

estimation [5]. This stance is strictly adhered to in 

Nigeria, as almost all the health facilities insist on the use 

of fasting samples for lipid profile estimation. On the 

other hand, the nations and researchers are advancing the 

preference for random or postprandial samples [6-8]. 

They based their argument on the scientific fact that the 

postprandial state predominates during most of the day, 

and the patient is more exposed to the lipid levels in this 

condition when compared with the fasting state [9].  

 

These gaps discussed above formed the basis of 

this study, as the study detailed the accuracy and 

precision resulting from the various routine containers 

used in sample collection for lipid profile estimation.  

 

MATERIALS AND METHODS 
Study location 

The study was conducted at Federal University 

Otuoke (FUO), located in Otuoke, Bayelsa State of 

Nigeria. This institution is a leading university, known 

for its advanced research facilities and a strong focus on 

Biochemistry. Bayelsa State is the cradle of oil 

exploration and exploitation in Nigeria, hosting 

Otuobagi, the first place where oil was struck in 

commercial quantity in Nigeria [10-14] 

 

Research Design 

Quantitative experimental design was the 

chosen research design for the study. The design 

establishes the cause-and-effect relationship among the 

various groups (blood) that make up the study [15]. 

 

Population Size 

A sample size was calculated using a formula 

proposed for studies where the population is less than 

10,000 [16]. The formula is stated and the components 

defined below: 

S = N/ [1 + N(d²)] 

 

Where: 

S =sample size  

N=population of study =135 

d= level of error confidence level at 95%=0.05 

S=135/[1 + 135(d²] 

S=135/[1+135 (0.0025] 

S = 135[1 + 0.3375] 

S=100  

 

The blood samples were collected in 10 mL 

syringes into plain, EDTA, lithium heparin, and fluoride 

oxalate containers.  

 

Selection Criteria  

The Blood was obtained from students of the 

Department of Biochemistry, Federal University of 

Otuoke, for the study. The subjects used were healthy 

and active, as confirmed and approved by the University 

Physician. Subjects exhibiting signs or symptoms of ill 

health or on medications were excluded from the study.  

 

Ethical Approval  

The ethical approval was granted by the 

Directorate of Research and Quality Assurance 

(DR&QA) of the Federal University Otuoke, following 

the laid-down requirements and processes with a registry 

number of DR&QA/101/2024.  

 

Sample Collection 

The blood samples were collected randomly 

from a hundred (100) students of the Department of 

Biochemistry into the various sample containers. The 

containers used for the study include plain, K2EDTA, 

lithium heparin, and fluoride oxalate. This was followed 

by centrifugation at 1500 rpm and the extraction of the 

serum/plasma into sterile containers for the lipid profile 

estimation.  Biochemical parameters estimated under the 

profile included total cholesterol (TC), triacylglycerol 

(TG), high-density lipoprotein (HDL), and low-density 

lipoprotein (LDL).  

 

Laboratory Procedures 

The lipid profile parameters (TC, TG, HDL, 

LDL) were estimated using Aggape (UK) test kits, which 

involve enzymatic and the end-point is measured with 

semi semi-chemistry analyser (Contec-China).  

 

Statistical Analysis  

The results were expressed as mean ± standard 

deviation. One-way Anova (Post hoc) was calculated at 

a 95% confidence interval, and statistically significant 

results pegged at ≤ 0.05 on an SPPS version (18-21). 

 

RESULTS 
 

Table 1:  Age Range Demographics Presentation 

Age    Frequency Percentage (100%) 

18-25    68    68% 

26-35     32    32% 

Total    100 100% 
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Table 2:  Demographics presentation gender status 

Gender Frequency     Percentage 

Male   47     47% 

female 53 53% 

Total 100   100% 

 

Table 3: Collection time effect on lipid profile concentrations in plain container sampled blood 

Parameters 

(mmol/L) 

Control 

(n=100)  

Fasting (n=100) Starvation 

(n=100) 

Random 

(n=100) 

F-value P-value 

TC 2.78±0.03          3.78±0.90a         3.72±0.56a               3.49±0.82a           4.54 0.01 

TG 0.80±0.02          0.91± 0.33        0.93±0.24               1.22±0.74           1.78 0.17 

HDL 1.52± 0.03         1.62±0.33         1.43±0.66                1.73±0.69           4.99 0.68 

LDL 0.9± 0.05         1.75±0.03a         1.87± 0.23a        0.78±0.09b,c         5.90 0.04 

 

Table 4: Collection time effect on lipid profile concentrations in lithium heparin container sampled blood 

Parameters 

(mmol/L) 

Control 

(n=100)  

Fasting (n=100) Starvation 

(n=100) 

Random 

(n=100) 

F-value P-value 

TC 3.40 ± 0.01 8.33±1.40a 5.51 ± 1.66 a 9.30±1.17a 14.18 0.00 

TG 0.70 ± 0.01 1.31±0.82a 1.07 ± 0.31 a 1.59 ±1.30a 3.37 0.03 

HDL 1.40 ±0.91 1.77 ± 0.85 1.67 ± 0.54 1.97 ± 0.79 2.24 0.06 

LDL 1.68 ±0.90 5.96 ± 0.66 a 3.35 ±0.98a 6.60±1.79a, 10.42 0.02 

 

Table 5: Collection time effect on lipid profile concentrations in EDTA container sampled blood 

Parameters 

mmol/L 

Control 

n=100 

Fasting 

n=100 

Starvation 

n=100 

Random 

n=100 

F-value P-value 

Cholesterol (mmol/L) 3.84 ±0.01 4.48±1.12 4.63±1.06 3.91±0.87 2.03 0.13 

Triglyceride (mmol/L) 0.89±0.01 0.74±0.35 0.77±0.35 0.92±0.63 3.70 0.21 

HDL (mmol/L) 2.10±0.08 2.26±1.01 1.96±1.03 2.01±2.01 3.00 0.24 

LDL (mmol/L) 1.34±0.11 1.88±0.19 2.32±0.96 1.48±0.66 3.31 0.24 

 

Table 6: Collection time effect on lipid profile concentrations in fluoride oxalate container sampled blood 

Parameters 

mmol/L 

Control 

n=100 

Fasting 

n=100 

Starvation 

n=100 

Random 

n=100 

F-value P-value 

Cholesterol 4.70 ± 0.18 4.97 ± 1.67 5.88 ± 1.45 5.91 ±1.88 0.99 0.41 

Triglyceride 0.88 ± 0.01 1.43 ± 0.92 0.98 ± 0.53 0.98 ± 0.47 0.62 0.61 

HDL 1.54 ± 0.02 1.32 ± 0.67 1.23 ± 0.88 1.33 ± 0.78 0.67 0.33 

LDL 2.76 ± 0.92 3.00 ±0.95 4.23 ±1.78 4.13 ±0.85 1.40 0.79 

 

Table 7: Effect of routine containers on mean concentrations of lipid profile concentrations of the control group 

Parameters 

mmol/L 

Plain Lithium EDTA Fluoride Oxalate F-value P-value 

TC   2.78±0.00          3.40±0.01 3.84±0.01 4.70±0.18 0.89 0.46 

TG 0.80±0.02          0.70±0.01 0.89±0.01 0.88±0.01 0.33 0.34 

HDL 1.52±0.03         1.40±0.91 2.10±0.08 1.54±0.02 0.57 0.55 

LDL 0.9± 0.05         1.68 ±0.90 1.34±0.11 2.76±0.92a 1.30 0.04 

  

Table 8: Effect of routine containers on mean concentrations of lipid profile concentrations of the fasting group 

Parameters 

mmol/L 

Plain Lithium EDTA Fluoride Oxalate F-value P-value 

TC   3.78±0.90                   8.33±1.40a 4.48±1.12b 4.97±1.67b 0.35 0.03 

TG 0.91±0.33                 1.31±0.82 0.74±0.35 1.43±0.92 2.73 0.64 

HDL 1.62±0.33                  1.77± 0.85 2.26±1.01 1.32±0.67 1.66 0.54 

LDL 1.75±0.03         5.96 ±0.66 a 1.88±0.19b 3.00±0.95a,b,c 1.30 0.03 
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Table 9: Effect of routine containers on mean concentrations of lipid profile concentrations of the starvation group 

Parameters 

mmol/L 

Plain Lithium EDTA Fluoride Oxalate F-value P-value 

TC   3.72±0.56                              5.51 ± 1.66a 4.63±1.06 5.88 ± 1.45a 0.11 0.05 

TG 0.93±0.24                               1.07 ± 0.31  0.77±0.35 0.98 ± 0.53 5.03 0.11 

HDL 1.43±0.66                                1.67 ± 0.54 1.96±1.03 1.23 ± 0.88 2.34 0.76 

LDL 1.87± 0.23       3.35 ±0.98a 2.32±0.96 4.23 ±1.7a,b 2.22 0.04 

 

Table 10: Effect of routine containers on mean concentrations of lipid profile concentrations of the random group 

Parameters 

mmol/L 

Plain Lithium EDTA Fluoride Oxalate F-value P-value 

TC   3.49±0.82          9.30±1.17a 3.91±0.87b 5.91±1.88a,b,c 0.98 0.02 

TG 1.22± 0.74 1.59 ± 1.30  0.92±0.63b 0.98 ± 0.47b 9.01 0.04 

HDL 1.73±0.69 1.97 ± 0.79 2.01±0.08 1.33 ± 0.78 5.98 0.56 

LDL 0.78±0.09      6.60 ± 1.79a 1.48±0.66b 4.13 ±0.85a,b 4.56 0.03 

 

Table 11: Multiple comparison of the diet types on lipid profile parameters 

Parameters 

mmol/L  

Control Carbohydrates Protein Lipid F- Value P -Value 

Cholesterol 3.84 +0.01  4.48 + 1.12 4.63 + 1.01 3.91 + 0.87 2.03 0.13 

Triglyceride  0.35 +0.01 0.74 + 0.35a 0.77 + 0.35a 0.92 + 0.63a,b,c 3.70 0.02 

High Density Lipoprotein 1.17 +0.23 1.10 + 0.66 1.77 + 0.57 1.18 + 0.31 3.66 0.34 

Low Density Lipoprotein 2.54 +0.93 1.87 + 0.67 2.53 + 0.69 2.10 + 0.83 4.44 0.63 

 

Table 1 shows the age range, frequency, and the 

calculated percentage of demographics with age 18-25 

showing a higher frequency and higher percentage, 

unlike age 26-35, which shows a lower frequency and 

percentage. Table 2 shows the gender status with varying 

frequency and percentage. The female gender has a 

higher frequency and percentage than the male. Table 3 

shows a significant decrease (P<0.05) in the TC 

concentration of the control sample when compared to 

the other groups in plain containers.  However, LDL 

concentrations increased significantly (P < 0.05) in the 

fasting and starvation groups compared to the control and 

random samples.  Table 4 shows a significant decrease 

(P<0.05) in the concentrations of TC, TG, and LDL in 

the control samples when compared to the other groups 

using lithium heparin containers. However, the 

concentrations of the lipid profile parameters tend to be 

highly elevated. Table 5 results show a statistically 

nonsignificant difference (P>0.05) of all the studied 

parameters when compared within the various groups in 

EDTA containers. Table 6 shows no significant 

difference (P >0.05) of the studied parameters when 

compared among the various groups in fluoride oxalate 

containers.  Table 7 shows a significant increase in the 

concentration of LDL in controls in fluoride containers 

when compared to other routine containers used in 

sample collection. Table 8 shows an increase in TC 

concentration of the fasting sample in lithium heparin 

containers when compared to other studied containers. In 

a similar vein, the concentration of LDL in lithium 

heparin and fluoride oxalate increased significantly 

(P>0.05) when compared to that of plain and EDTA 

containers.  Table 9 shows a significant increase (P 

<0.05) in the concentration of TC of the starvation group 

in lithium heparin when compared to plain; however, it 

was not significant (P>0.05) compared to EDTA and 

fluoride oxalate.  Whereas, LDL increases in lithium 

heparin and fluoride oxalate in the starvation group when 

compared to plain and EDTA. Table 10 shows a 

significant increase (P<0.05) in the concentrations of TC 

and LDL in lithium heparin and fluoride oxalate when 

compared to plain and EDTA containers in randoms.  

Table 11 shows a significant increase (p<0.05) in the 

concentration of triacylglycerol in the lipid diet group, 

when compared to other groups.  

 

DISCUSSION 
The demographic analysis reveals a 

predominance of individuals aged 18-25, comprising 

89% of the sample, compared to just 11% in the 26-35 

age group (Table 1). Regarding gender distribution, 

females represented 58% of the sample, while males 

constituted 42% (Table 2). The demographic 

presentations are balanced and suitable for empirical 

decisions and other scientific consumption.  

 

The study revealed a significant decrease in the 

concentrations of the control lipid profile compared to 

other timing groups using some of the various routine 

sample containers (Table 3-6). This could be attributed 

to the known predetermined lower concentrations of the 

control sera. In a similar vein, LDL concentrations 

increased significantly in the fasting and starvation 

groups compared to the control and random samples 

using plain containers (Table 3). However, the 

concentrations of the lipid profile parameters tend to be 

highly elevated in lithium heparin, irrespective of the 

timing categorization (Table 4).  
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Furthermore, LDL concentrations increased 

significantly in the fasting and starvation groups 

compared to the control and random samples. This points 

to the significant effect of timing on lipid profile 

estimation using plain containers. The decrease observed 

in the controls compared to the other groups is a result of 

the predetermined value of the control sera, which was 

lower in concentration. However, the increased LDL 

concentration in the fasting and starvation states 

compared to the random state could be a result of the 

initiation of lipolysis. Lipolysis usually takes place upon 

the cessation of the intake of a meal, which is attributable 

to fasting and starvation states. This implies that random 

samples are a true reflection of the LDL concentration, 

as fasting or starvation could lead to pseudo-elevation of 

LDL. This finding is in line with that of Sävendahl and 

Underwood [17] and Steen et al. [18]. A study conducted 

by Sathiyakumar et al. [19] suggested that random 

sampling is preferred for LDL estimation using the fixed 

Friedewald equation [20]. 

 

The preference of random or nonfasting lipid 

profiles to the traditional 8 hours or 12 hours fasting as 

posited in this study is in line with the endorsements, 

guidelines and statements in Denmark [21], the United 

Kingdom [22], Europe [6-7], Canada [23-24], Brazil [9] 

and the United States [25-27]. 

 

On the contrary, the findings of this study is 

contrary to that of Vittal and Abhijith, [8] that showed no 

statistically significant difference between total 

cholesterol, HDL cholesterol and LDL cholesterol in the 

fasting and postprandial state indicating that it should not 

make any difference whether the blood sample is 

collected in the fasting state or non-fasting state for these 

three parameters. A statistically significant difference 

was noted in fasting and postprandial levels of 

triglycerides and VLDL cholesterol, indicating that 

fasting and non-fasting samples cannot be used 

interchangeably for these parameters. Eberly et al. [28] 

in their study published in 2003, stated that fasting and 

non-fasting triglycerides are similarly predictive of non-

fatal and fatal coronary artery disease (CAD). In contrast, 

Kamrul-Hasan [29] advanced that a random lipid profile 

correlates significantly with a fasting lipid profile, with 

little difference.  

 

Moreover, the study also investigated the 

impacts of the studied routine sample containers on the 

accuracy and precision of lipid profile parameters 

(Tables 7-10) using control sera and other timed samples 

as case studies. The findings revealed a significant 

increase in the concentration of LDL in the controls of 

the fluoride oxalate containers when compared to other 

routine containers used in sample collection (Table 7). 

Oxalate prevents blood clotting by binding to calcium 

ions. In contrast, fluoride interferes with the activities of 

the specific proteolytic enzymes crucial in the 

coagulation pathway and enolase, which is far 

downstream in the glycolytic pathway [30]. Furthermore, 

fluoride has been implicated in lipid peroxidation [31]. 

The roles of some of these anticoagulants on the cell 

membrane, dominated by lipids, could contribute to the 

biochemical distortions observed. These synergic roles 

could be the basis of the significant increase in LDL 

concentration in the fluoride oxalate tubes. This finding 

contradicted that of Le and Le [32], which posited a 

decrease in total cholesterol, triglycerides, HDL-C, and 

LDL-C concentrations in the sodium fluoride-potassium 

oxalate tube when compared to the plan tube, though 

with a different anticoagulant composition. 

 

Furthermore, fasting samples revealed an 

increase in TC concentration in lithium heparin 

containers compared to other studied containers. In a 

similar vein, the concentration of LDL in lithium heparin 

and fluoride oxalate increased significantly when 

compared to that of plain and EDTA containers (Table 

8). The results of this study contradicted that of Anto et 

al. [33], though ours was compared against plain 

containers, which indicated a significantly reduced mean 

level of TC, LDL-c, and TG when heparin, K2EDTA, and 

sodium citrate anticoagulant tubes were used compared 

to the gel separator tube. In a similar vein, the study 

concurred with the above author on HDL concentration 

measurement. The mechanism linking heparin-induced 

increases in TC and LDL levels in vitro is not well 

understood. However, heparin has been found to bind to 

LDL under the physiological conditions, probably 

by Van der Waals interactions and hydrogen bonding. 

Furthermore, the presence of heparin inhibits LDL 

binding to the intact LDL receptor, which might have 

consequences on the cholesterol metabolism in vivo 

[34]. 

 

In addition, there was a significant increase in 

the concentration of TC in the starvation group treated 

with lithium heparin compared to plain, whereas LDL 

increased in the starvation group treated with lithium 

heparin and fluoride oxalate compared to plain and 

EDTA (Table 9). The findings further posited an increase 

in the concentrations of TC and LDL in lithium heparin 

and fluoride oxalate when compared to plain and EDTA 

containers in randoms (Table 10).  The incremental 

tendencies of TC and LDL in lithium heparin in fasting, 

starvation, and random have further validated the stance 

above.  

 

The above findings make it crystal clear that 

anticoagulants such as lithium heparin, and fluoride 

oxalate have clinical adverse effects on the accuracy and 

precision of some lipid profile parameters. However, on 

the other hand, EDTA and plain containers stand as the 

most suitable for lipid profile sample collection with 

insignificant anticoagulant and biochemical alterations 

and effects. Based on the suitability grading, it could be 

inferred that EDTA is the most suitable, followed by 

plain container, and then lithium heparin and fluoride 

oxalate (EDTA>Plain Container>Fluoride 

Oxalate>Lithium Heparin).  

https://www.sciencedirect.com/science/article/pii/S0735109717391647#bib4
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/van-der-waals-interactions
https://www.sciencedirect.com/topics/chemistry/hydrogen-bonding
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ldl-receptor
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cholesterol-metabolism
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Furthermore, the findings on the effect of diet 

types on lipid profile revealed a significant increase in 

triacylglycerol concentration in the lipid diet group when 

compared to other groups, whereas other parameters 

were stable (Table 11). The plausible reason could be 

attributed to the breakdown of dietary lipids, thereby 

increasing the endogenous concentration of 

triacylglycerol, as agreed by other authors [35-36]. 

 

CONCLUSION 
We have shown in this study that random 

sampling is most suitable for the estimation of lipid 

profile as to the traditional fasting sample. On blood 

containers, our findings have shown that the K2EDTA 

tube is the most suitable for the estimation of lipid 

profile, followed by plain container. Furthermore, the 

findings on the effect of diet types on lipid profile 

revealed a significant increase in triacylglycerol 

concentration in the lipid diet group when compared to 

other groups, whereas other parameters were stable. 

Further studies are needed to reaffirm these findings 

using a larger cohort of a healthy population. 
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