ATN

%MEDPI?)\RMRES Original Article

& 5

4 @ © MedPharmRes 2024;8(4):274-282 |
PISSN : 1859-1779 | €ISSN': 2615-9139 https://doi.org/10.32895/UMPMPR.8.4.30 | updates

Evaluation of triglycerides, total cholesterol and high density
lipoprotein-cholesterol stability in human whole blood and
plasma samples

Thuan Thi Minh Nguyen'’, Dung Thi Van Nguyen'?

"Department of Biochemistry, Faculty of Pharmacy, University of Medicine and Pharmacy at Ho Chi Minh City, Ho Chi Minh City,
VietNam
®Faculty of Medicine and Pharmacy, Tay Nguyen University, Daklak Province, VietNam

Abstract

Introduction: Lipid tests are routinely performed in the laboratory for early diagnosis of lipid disorders and prevention of
cardiovascular diseases. The aim of this study was to evaluate the stability of triglycerides (TGs), total cholesterol (TC),
and high-density lipoprotein-cholesterol (HDL-C) in human whole blood (WB) and plasma samples stored at different
temperature conditions in order to improve the quality of lipid testing.

Methods: This cross-sectional study was conducted at Buon Ma Thuot Medical Testing Center. Ten mL of WB collected
from 10 healthy volunteers from 18 to 60 years old were anticoagulated with dipotassium ethylenediaminetetraacetic
acid. Five mL of WB were centrifuged to separate plasma. WB and plasma samples were stored at 20°C—25C and 2°C—
8°C. The concentrations of TGs, TC, and HDL-C in WB (WB-TGs, WB-TC, WB-HDL-C) and in plasma samples (P-TGs,
P-TC, P-HDL-C) at each time point were determined simultaneously on Erba XL670 system. TGs, TC, and HDL-C were
considered stable when the difference between concentrations at the later time point and baseline was not statistically
significant.

Results: At 20°C-25C, the concentrations of WB-TGs, WB-TC, P-TGs, and P-TC were stable for less than 4 hours,
while the concentrations of WB-HDL-C and P-HDL-C were stable for less than 12 hours. At 2C—-8°C, the concentrations
of WB-TGs, WB-TC, WB-HDL-C, and P-HDL-C were stable for up to 48 hours, while the concentrations of P-TGs and
P-TC were stable for up to 24 hours.

Conclusions: The stability of TGs, TC, and HDL-C in WB and plasma samples was not the same at different tempera-
tures.
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1. INTRODUCTION percholesterolemia, is the primary risk factor for high blood
pressure, myocardial infarction, stroke, and atherosclerosis

Dyslipidemia, also referred to as hyperlipidemia or hy-  [1,2]. Therefore, lipid tests are routinely performed in the
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laboratory for early diagnosis of lipid disorders and pre-
vention of cardiovascular diseases [3,4]. Previous studies
have shown that sample collection, storage, and transport
are pre-analytical factors that can influence the accuracy of
laboratory testing [5—7]. The literature provides different
opinions on the stability of lipids [8,9]. Some studies have
recommended that laboratories freeze plasma or serum
samples as soon as possible to ensure sample stability [8],
while the MONICA Manual recommends the determina-
tion of high-density lipoprotein-cholesterol (HDL-C) and
total cholesterol (TC) on fresh serum aliquots on the day
of blood collection [9]. TC, HDL-C and triglyceride (TG)
concentrations can be determined in serum or in plasma
samples separated from anticoagulated whole blood (WB)
samples [10]. However, there are many recommendations
to use plasma instead of serum in lipid studies by drawing
blood in the presence of ethylenediaminetetraacetic acid
(EDTA), heparin or other anticoagulants [11,12]. Signifi-
cant differences in lipidomic profiles between plasma and
serum have been demonstrated [11]. According to World
Health Organization (WHO) guidelines, plasma samples
containing anticoagulants such as lithium-heparin, EDTA,
or citrate can be used to determine TG, TC, and HDL-C
concentrations without affecting the results [13]. Some
previous studies evaluated the stability of lipids in plasma
samples containing the anticoagulant lithium-heparin or
EDTA [8,14]. EDTA is an anticoagulant that can be used
on blood samples to analyze blood cell morphology, while
lithium-heparine is limited. When necessary, the remaining
EDTA anticoagulated WB sample can be used to separate
plasma for TC, HDL-C, and TG quantification. Moreover,
many clinical studies are performed on samples stored for
weeks or months until analysis. However, sampling tech-
niques, storage temperatures, and analytical procedures can
lead to degradation of analyte compounds in the sample
[11]. Currently, studies on the stability of TGs, TC, and
HDL-C under different storage conditions are still limited
in Vietnam. The objective of this study is to evaluate the
stability of TC, HDL-C, and TGs in human WB and plasma
samples under different storage conditions to contribute to

improving the accuracy of test results.

https://doi.org/10.32895/UMP.MPR.8.4.30

2. MATERIALS AND METHODS

2.1. Materials

The concentrations of HDL-C, TC, and TGs were de-
termined on biochemical autoanalyzer Erba XL640 (Erba
Mannheim®, Miami, FL, USA), which met in vitro diag-
nostic (IVD) certificate and were checked with internal
control samples for TC, TGs, and HDL-C each day before
quantification of TC, TGs, and HDL-C in the blood sam-
ples. Commercial biochemical kits used for quantification of
HDL-C, TC, and TG concentrations were purchased from
Erba Lachema s.r.o. The internal quality control panel for
biochemical testing with 2 levels (normal and high) was pur-
chased from Randox® (Crumlin, UK).

2.2. Sample collection

Blood sample collection for this study was approved by
the Ethics Committee of University of Medicine and Phar-
macy at Ho Chi Minh City and issued together with Decision
No. 759/bHYD-HDDD. Blood donors have met the criteria
for blood donation according to Circular 26/2013/TT-BYT
issued on September 16, 2013 such as adults from 18 to 60
years old, with a minimum weight of 42 kg for women and
45 kg for men, and do not use any drugs.

Sample size determination for this study was referenced
from sample size summary reports of previous studies [15].
The fasting venous blood sampling from volunteers were
performed according to CLSI guidelines [16] and previous
studies [12,14].

Ten volunteers (five men and five women) consented to
povide overnight fasting whole venous blood into a vacu-
um blood collection. Each provided of 10 mL of WB into a
vacumme blood collection tubes containing dipotassium dipo-
tassium ethylenediaminetetraacetic acid (EDTA [K2-EDTA].
Of this, 5 mL of WB was used to separate the plasma fraction
through centrifugation, while the remaining 5 mL was left
untreated. Plasma samples were separated from WB by cen-
trifugation within 30 minutes of collection at room tempera-
ture (20°C-25°C) [17]. Exclusion criteria for blood samples
included missing sampling information, clotted blood, hemo-

lyzed blood, cracked or broken sample tubes, and the presence
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of anticoagulants other than K2-EDTA.

WB and plasma samples from each volunteer were ali-
quoted into sterile tubes (0.5 mL each) to assess lipid stabili-
ty under different temperatures conditions over time. Plastic
test tubes used for blood or plasma samples were sterile, and
stable at the investigated temperatures, ensuring no reaction

with the analytes.

2.3. Study design

All procedures for blood sampling, sample processing,
and quantification of TC, TGs, and HDL-C were carried out
at Buon Ma Thuot Medical Testing Center, which has been
accredited to meet International Organization for Standard-
ization (ISO) 15189:2012 standards for laboratory biosafety
cabinet - Class II.

Most biochemical tests are generally recommended to be
performed at room temperature. Moreover, the stability of
biochemical parameters is generally higher when samples are
stored at refrigerator temperature [18,19]. The intervals for
evaluating changes in TC, TG, and HDL-C concentrations
in this study were determined based on previous research
results and recommendations regarding the stability of TC,
TGs, and HDL-C in both plasma and WB samples [12—-14].

WB and plasma samples for this study were stored at tem-
peratures of 20°C-25°C and 2°C—8°C. All WB samples were
processed by centrifugation to separate the plasma fraction
before determining TC, TG, and HDL-C concentrations by
spectrophotometry.

At 20°C-25°C, TC, TG, and HDL-C levels in WB and
plasma samples were measured at times points 0 (To), 4 (Tan),
12 (Ti2n), and 24 hours (T24). TC, TGs, and HDL-C levels in
each WB and plasma samples from 10 volunteers were mea-
sured induplicate.

At 2°C-8°C, TC, TG, and HDL-C levels in WB and plas-
ma samples were measured on days 1 (Ti¢) and 2 (T2a). WB
and plasma samples stored at 2°C—8°C should be conditioned
at room temperature for 15 minutes before quantification and
should not be reused for subsequent testing.

The concentrations of TGs, TC, and HDL-C in WB (WB-
TGs, WB-TC, WB-HDL-C, respectively) and in plasma
samples (P-TGs, P-TC, P-HDL-C, respectively) were deter-
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mined simultaneously on biochemical autoanalyzer XL 640
using enzymatic spectrophotometry. Lipid quantification
procedures were performed according to the manufacturer’s
instructions. The absorbance measured at a wavelength of
550 nm is proportional to the lipid concentration in each of
the reactions.

The stability of TC, TGs, and HDL-C in WB and plasma
samples was assessed by comparing TC, TGs, and HDL-C
concentrations at the following time points with baseline
concentrations (To). If the concentrations of TC, TGs, and
HDL-C became unstable at any tome point, subsequent
measurement of TC, TGs, and HDL-C concentrations would
not be necessary. The influence of the sample matrix on TC,
TGs, and HDL-C was investigated by comparing the sdiffer-
ence between TC, TGs, and HDL-C concentrations in WB

and plasma samples at each testing time.

2.4, Statistical method

This study calculated statistics using Microsoft Excel 2013
software. Statistical analysis showed the Mean+SD for com-
paring two mean values using paired sample T-tests. There

has a difference if the p-value is less than 0.05.

3. RESULTS

3.1. Evaluation of the stability of TC, TGs, and HDL-C
in whole blood samples and plasma samples stored
at20C-25T

The baseline concentrations of TC, TGs, and HDL-C
in the human plasma samples determined (To) at room
temperature on Erba XL640 Analyser were in the range of
4.74+0.75, 2.48+1.31 and 1.68+0.28 mmol/L, respectively
(Table 1).

The results showed that the average concentrations of TG
and TC in WB samples (WB-TGs, WB-TC) and in plasma
samples (P-TGs and P-TC) at 4 hours were significantly
different from the baseline concentrations of TC and TG
(p<0.0001), while HDL-C concentrations in WB and plasma
samples (WB-HDL-C and P-HDL-C, respectively) were
stable over 4 hours compared to the baseline concentration
of HDL-C (HDL-Cro) (p>0.05) (Tables 1 and 2). Therefore,
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Table 1. TGs, TC, and HDL-C levels in whole blood samples stored at 20°C-25C

WB-TGs (mmol/L) WB-TC (mmol/L) WB-HDL-C (mmol/L)
Samples
T Ty Ty T Ty Tan T
1 2.62 2.66 421 428 1.63 1.60 1.63
2 2.53 2.61 5.20 5.32 1.72 1.71 1.72
3 1.59 1.63 5.34 545 1.91 1.92 1.91
4 1.31 1.37 4.01 413 1.53 1.55 1.54
5 127 1.34 6.08 6.20 2.00 1.99 1.93
6 1.58 1.61 411 419 1.63 1.65 1.63
7 3.13 3.21 432 4.40 1.55 1.53 1.53
8 3.27 3.35 3.87 4.00 1.23 1.21 1.16
9 1.95 1.97 5.47 5.49 217 2.18 214
10 5.57 5.74 4.76 4.81 1.40 1.38 1.32
Mean 248 2.55 474 4.83 1.68 1.67 1.65
SD 1.31 1.34 0.75 0.75 0.28 0.29 0.29
p-value <0.0001* <0.0001** 0.41* 0.042***

WB-TGs, WB-TC, and WB-HDL-C: concentrations of TGs, TC, and HDL-C in whole blood samples, respectively.
*, ¥ ¥ Compared to the baseline on WB-TGsy,, WB-TCy,, and WB-HDL-Cy,, respectively (t-test).
TGs, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; WB, whole blood; T, baseline; T, 4 hours; T,,,, 12 hours.

Table 2. TGs, TC, and HDL-C levels in plasma samples stored at 20°C-25C

P-TGs (mmol/L) P-TC (mmol/L) P-HDL-C (mmol/L)
Samples

T Ty Ty Tz Ty Tan T

1 2.62 2.61 4.21 417 1.63 1.54 1.69

2 2.53 2.55 5.20 517 1.72 1.69 1.83

3 1.59 1.65 5.34 5.39 1.91 1.89 2.07

4 1.31 1.39 4.01 415 1.53 1.55 1.71

5 127 1.36 6.08 6.19 2.00 1.96 210

6 1.58 1.70 411 4.32 1.63 1.64 1.83

7 3.13 3.17 432 4.33 1.55 1.47 1.63

8 3.27 3.45 3.87 4.05 1.23 1.22 1.34

9 1.95 1.99 5.47 5.45 217 213 2.36

10 5.57 5.82 4.76 5.00 1.40 1.42 1.61

Mean 248 2.57 474 4.82 1.68 1.65 1.82

SD 1.31 1.35 0.75 0.72 0.28 0.27 0.29
p-value <0.0001* 0.03** 0.06*** <0.0001***

P-TGs, P-TC, and P-HDL-C: concentrations of TGs, TC, and HDL-C in plasma samples, respectively.
*, ¥ *** Compared to the baseline on P-TGsy,, P-TCy,, and P-HDL-C,, respectively (t-test).
TGs, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; T, baseline; Ty, 4 hours; T, 12 hours.

the concentrations of TG and TC in WB and plasma samples
could not be determined at 12 hours. Since WB-HDL-C and
P-HDL-C concentrations at 12 hours were significantly dif-
ferent from HDL-Cro levels (p<0.05), these concentrations
were not determined at 24 hours (Tables 1 and 2).

At 20°C-25°C, there were no significant differences in TG,

https://doi.org/10.32895/UMP.MPR.8.4.30

TC, and HDL-C concentrations in WB samples compared to
plasma samples at the 4-hour measurement time points after
sampling. However, only HDL-C concentrations in WB and
plasma samples were not significantly different at 12 hours

after sampling (Fig. 1).
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Fig. 1. Comparison between TC, TGs, and HDL-C concentrations in whole blood and plasma samples stored at 20°C-25C and determined
at the same testing time. \WB, whole blood; TGs, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol.

3.2. Evaluation of the stability of TC, TGs, and HDL-C
in whole blood samples and plasma samples stored
at2Cc-8T

The average concentrations of TGs, TC, and HDL-C in WB
samples stored at 2°C—8°C were not significantly different
with the baseline on TCro, TGsro, and HDL-Cro, respectively
(p<0.05), but were stable for 48 hours (p<0.05) (Table 3).

Since the average concentrations of TGs and TC in plasma
samples stored at 2°C—8°C were only stable for less than
24 hours compared to TCro, TGsto (p<0.05), the P-TGs and
P-TC concentrations were no longer determined at Tza (Table
4). The average plasma concentrations of HDL-C at 2°C—-8°C
were stable under 48 hours (p<0.05) (Table 4).

At 2°C—8°C, there were no significant differences in TG,
TC, and HDL-C concentrations in WB samples compared
to plasma samples at the 24-hour measurement time points
after sampling. However, only HDL-C concentrations in WB
and plasma samples were not significantly different at 48

hours after sampling (Fig. 2).

4. DISCUSSION

Sample stability is very important to obtain reliable con-
centrations of many analytes, including lipids [20]. Differ-
ences in sample processing times between studies may be
due to sample collection time, laboratory conditions, and

sample quantity. In fact, some clinical laboratories take too
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many samples and cannot process them promptly, or due to
the need for many patients to receive medical care right at
home sample collection can take longer than the time pre-
scribed by the manufacturer’s recommendations [5-9]. TC,
HDL-C, and TG concentrations can be determined in serum
or in plasma samples separated from WB samples antico-
agulated with various anticoagulants [11,12]. EDTA is an
anticoagulant that can be used on blood samples to analyze
blood cell morphology, while lithium-heparine is limited.
When necessary, the remaining EDTA anticoagulated WB
sample can be used to separate plasma for TC, HDL-C, and
TG quantification. Moreover, many clinical studies are per-
formed on samples stored for weeks or months until analysis
[11,12]. Our study evaluated the stability of HDL-C, TC, and
TGs over time at different temperatures using Erba XL640
Analyser. This automatic biochemical analyzer has been
commonly used in small and medium-sized laboratories in
urban areas, so the results of this study can be a reference
value for laboratories using similar analyzer systems.

Many laboratories in Vietnam currently recommend that
specimens should be analyzed as soon as possible. Remain-
ing serum or plasma samples separated from EDTA-antico-
agulated WB samples used for biochemical and immunolog-
ical testing can be stored and stabilized at room temperature
(£25°C) within 48 hours or at 2°C—8°C within 7 days. These
samples can be preserved for a long time if frozen at tem-
peratures below —20°C [18,21]. Our study compared the sta-
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Table 3. TGs, TC, and HDL-C levels in whole blood samples stored at 2°C-8C

WB-TGs (mmol/L) WB-TC (mmol/L) WB-HDL-C (mmol/L)
Samples
Ty Ty Tag Ty Ty T To T Tag
1 2.62 2.62 2.65 4.21 4.15 4.46 1.63 1.50 1.48
2 2.53 2.53 2.60 5.20 5.12 5.56 1.72 1.65 1.64
3 1.59 1.65 1.62 5.34 5.43 5.91 1.91 1.88 1.92
4 1.31 1.37 1.35 4.01 4.18 4.66 1.53 1.55 1.59
5 1.27 1.35 1.30 6.08 6.35 6.54 2.00 2.03 1.93
6 1.58 1.67 1.60 4.1 4.27 4.74 1.63 1.64 1.67
7 3.13 3.10 3.21 4.32 4.28 4.77 1.55 147 1.50
8 3.27 3.37 3.30 3.87 3.95 4.32 1.23 1.18 1.14
9 1.95 2.04 1.97 547 5.50 5.87 217 217 21
10 5.57 6.31 5.75 4.76 4.98 5.33 1.40 1.39 1.32
Mean 248 2.60 2.54 4.74 4.821 522 1.68 1.65 1.63
SD 1.31 1.48 1.35 0.75 0.78 0.74 0.28 0.30 0.30
p-value 0.13 0.007" 0.06" <0.0001" 0.09™ 0.047"
WB-TGs, WB-TC, and WB-HDL-C: concentrations of TGs, TC, and HDL-C in whole blood samples, respectively.
*, ¥ ¥ Compared to the baseline on WB-TGsy,, WB-TCy,, and WB-HDL-Cy,, respectively (t-test).
TGs, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; WB, whole blood; T, baseline; T,q, day 1; T,, day 2.
Table 4. TGs, TC, and HDL-C levels in plasma samples stored at 2C-8C
P-TGs (mmol/L) P-TC (mmol/L) P-HDL-C (mmol/L)
Samples
TO T1d TD T1d TO T1d TZd
1 2.62 2,62 4.21 4.20 1.63 1.51 1.61
2 253 2.60 5.20 5.25 1.72 1.68 1.78
3 1.59 1.67 5.34 5.46 1.91 1.93 1.95
4 1.31 1.38 4.01 4.03 1.53 1.18 1.51
5 1.27 1.37 6.08 6.15 2.00 2.03 210
6 1.58 1.66 4.1 417 1.63 1.59 1.64
7 3.13 3.28 4.32 4.44 1.55 1.48 1.57
8 3.27 347 3.87 4.03 1.23 1.18 1.26
9 1.95 2.05 547 543 217 2.09 2.28
10 5.57 6.23 4.76 5.03 1.40 1.37 1.53
Mean 248 2.63 4.74 4.819 1.68 1.60 1.72
SD 1.31 147 0.75 0.74 0.28 0.33 0.31
p-value 0.03’ 0.018" 0.06™ 0.02”

P-TGs, P-TC, and P-HDL-C: concentrations of TGs, TC, and HDL-C in plasma samples, respectively.
*, ¥ ¥ Compared to the baseline on P-TGsy,, P-TCy,, and P-HDL-Cy,, respectively (t-test).
TGs, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; T, baseline; T4, day 1; T,, day 2.

bility of TC, TGs, and HDL-C in plasma and WB samples at
the same storage conditions. Therefore, WB samples cannot
be stored at —20°C. Furthermore, multicenter studies encoun-
ter difficulties related to centrifuging and freezing samples
immediately after blood collection. For that reason, the sta-
bility of TGs, TC, and HDL-C in WB and plasma samples

https://doi.org/10.32895/UMP.MPR.8.4.30

stored at 20°C-25°C and 2°C-8°C was evaluated in this
study. The results of our study showed that the stability of
plasma TGs, TC, and HDL-C stored at 20°C—25°C and 2°C—
8°C was lower than the recommended conditions [18,21].
Previous study has shown that processing time and storage
conditions did not affect TC, TG, and HDL-C concentrations
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Fig. 2. Comparison between TC, TGs, and HDL-C concentrations in whole blood and plasma samples stored at 2°C—-8°C and determined at
the same testing time. WB, whole blood; TC, total cholesterol; TGs, triglycerides; HDL-C, high-density lipoprotein-cholesterol.

measured after 2-3 hours at 8°C and 4-5 hours at room tem-
perature from collection [19]. In our study, the concentra-
tions of plasma TGs and TC were stable for less than 4 hours
at 20°C-25°C and 24 hours at 2°C—8°C, while the concentra-
tions of plasma HDL-C were stable for less than 12 hours at
20°C-25°C and 48 hours 2°C—8°C. The results of our study
showed that the stability of TGs, TC, and HDL-C in plasma
samples was not the same at different temperatures.

The assessment of TG, TC, and HDL-C stability in WB
has not been consistent between studies. TC, HDL-C, and
TG concentrations in WB stored at room temperature for
up to 7 days have been shown to vary by less than 4% [12].
However, another study found that all blood samples were
completely hemolyzed after being stored for seven days. In
our study, the concentrations of TGs and TC in WB samples
were stable for less than 4 hours, while the concentrations
of WB-HDL-C were stable for less than 12 hours at 20°C—
25°C. At 2°C—8°C, the concentrations of WB-TGs, WB-
TC, WB-HDL-C, and P-HDL-C were stable up to 48 hours.
Therefore, HDL-C concentrations are considered more stable
than TG and TC in both plasma and blood samples.

There was a slight increase in mean plasma concentrations
of TGs, TC, and HDL-C at different temperatures over time
compared to baseline levels (To). These results were similar
to previous studies [20,22,23], although the analysis meth-

ods and sample analysis systems were different. However,
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other studies showed that TGs and HDL-C concentrations
in human WB were significantly different after 10 hours of
storage at 21°C [24], while plasma TC tended to increase af-
ter 56 hours of storage at 25°C [17]. The cause of increased
plasma lipids during storage is unknown [25]. The analysis
techniques, temperature and sample storage time could lead
to differences in research results.

Previous studies have shown that some biological analytes
changed significantly when blood samples were stored for up
to 24 hours at temperatures above room temperature [20,25].
Therefore, biological samples should be stored properly and
transported to the laboratory for a short analysis period. In
this study, the influence of the sample matrix on TC, TGs,
and HDL-C was investigated by comparing the difference
between TC, TGs, and HDL-C concentrations in WB and
plasma samples at each testing time. This study found that
there was no significant difference in the stability of TGs,
TC, and HDL-C in WB and plasma samples under the same
storage conditions and determined at the same testing time.
However, if it is not possible to quantify TC, TGs, and
HDL-C concentrations immediately or if it is necessary to
save samples for re-tests, WB samples could be stored at
2°C—-8°C for 48 hours for the measurement of concentrations
of TC, TGs, and HDL-C.

This study only investigated the stability of TG, TC, and
HDL-C in blood samples collected from fasting healthy

https://doi.org/10.32895/UMP.MPR.8.4.30
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volunteers under different temperature conditions. These
volunteers were not sick or taking any medications at the
time of sample collection. A limitation of the study is that
factors affecting the stability of lipid parameters have not
been evaluated. Further studies could evaluate the influence
of storage conditions on the stability of TG, TC, and HDL-C
in non-fasting blood samples, and other factors related to sta-

bility of blood lipids such as fasting time and, comorbidities.

5. CONCLUSION

This study evaluated the stability of TC, TGs, and HDL-C
under the influence of storage conditions and biological matrix
of samples. The stability of TGs, TC, and HDL-C in WB and
plasma samples was not completely the same at different tem-
peratures. The remaining EDTA-anticoagulated WB samples
stored for 2 days at 2°C—8°C can be used for determination of
TC, HDL-C, and TGs. In future studies, the effect of storage
conditions on the stability of normal and abnormal levels of
TC, TGs, and HDL-C may continue to be evaluated.
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