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Abstract

Background: The plasma proteome (PP) is a dynamic system 

subject to pathology-associated changes and a focus for novel 
disease biomarker discovery. Disease-related PP research 
assumes protein concentrations in test specimens accurately 
reflect the in vivo milieu. However, measures to maintain the 
physicochemical integrity of the proteome before assay are 
often rudimentary, poorly described, or lacking stand-
ardisation in published studies. Contrastingly, in laboratory 
medicine, there is an expectation that errors in the so-called 
“preanalytical phase” (PAP) that impact patient results are 
understood, monitored, and mitigated against, while also 
being well described in research publications. There is 
therefore scope for good practice from laboratory medicine to 
inform PP research workflows. This review considers factors 
in the PAP which may impact the validity of PP results. 
Content: A systematic review was conducted per PRISMA 
guidelines, limited to English-language peer-reviewed studies 
(2014–2024). Candidate studies were imported, screened, and 
managed using Covidence systematic review software. 
Summary: 15 eligible studies were reviewed, covering many 
relevant processes. 11 studies reported statistically signifi- 
cant differences in PP due to factors in the PAP. Temperature 
and time-to-processing were the most commonly reported

factors affecting the PP, with significant effects reported in 8 
studies.
Outlook: PAP variability can significantly affect results in 
PP studies. Careful consideration of the effect of each stage of 
the PAP is needed when working with the PP. In multicenter 
studies, pre-defined and research question-specific sample 
processing workflows are essential for reducing PAP vari-
ability, which helps ensure the validity of PP studies.

Keywords: plasma proteome; preanalytical; variability; 
proteomics

Introduction

Clinical potential of the plasma proteome

The term “proteome”, a compound of “protein” and 
“genome”, was coined by Wilkins in 1994 [1]. In vertebrates, 
the dynamic, complex system of peptides and proteins found 
in an individual’s plasma, including those encoded by the 
host genome and those derived from surrounding cells and 
tissues, is termed their “plasma proteome” (PP) [2].

The human PP holds enormous potential to revolu-
tionise diagnosis, prognosis, and therapeutic monitoring of 
disease [3]. An individual PP reflects physiology at a given 
time point and, because it responds to many stimuli, can 
change depending on the physiological or pathological state. 
The study of PP differences in individuals with distinct 
physiological or disease states is termed “differential pro-
teomics” [4], and it is this branch of proteomics that can aid 
in the discovery of novel biomarkers for disease diagnosis 
and monitoring.

The preanalytical phase in laboratory 
medicine and research settings

The total testing process (TTP) concept in laboratory medi-
cine holds that the generation of any result comprises many
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steps, grouped into the preanalytical phase (PAP), the 
analytical phase, and the post-analytical phase [5]. 

Processes in the PAP concern test ordering, sample 
collection, specimen transport, and sample preparation 
before analysis, and involve staff from many disciplines, 
including scientists, clinicians, phlebotomists, and labora-
tory medicine professionals [6]. Given the involvement of 
multiple staff groups, including non-scientific staff, it is 
perhaps unsurprising that the PAP has been identified as the 
source of up to 68 % of all errors across the TTP [7]. Mini-
mising errors in the PAP is, therefore, crucial to reduce 
direct or compound errors later in the TTP and ensure 
reliable clinical outcomes. Negative downstream patient 
effects of PAP errors include repeat phlebotomy, delays in 
laboratory reporting, or the release of spurious results [8]. 

PAP testing in laboratory medicine is informed by best-
practice guidelines from international bodies and by the 
need to meet the relevant requirements of national 
accreditation bodies [7, 9]. The Working Group for the Pre-
analytical Phase (WG-PRE) of the European Federation for 
Clinical Chemistry and Laboratory Medicine (EFLM) has 
endeavoured to improve and harmonise practice regarding 
the PAP across the laboratory medicine community [10]. 
Analytes measured in routine clinical practice, including 
some proteins, are known to be susceptible to interference 
or to have very short stability limits. Stringent PAP processes 
are required to ensure accurate and reliable results for such 
measurands. In research settings, one may also consider that 
there is a PAP, with errors that might compromise the val-
idity of analytical results and increase the risk of missing 
significant effects or observing spurious effects [11]. In PP 
research, the stability of proteins, which may serve as novel 
biomarkers, is often unknown, and there are limited 
guidelines for harmonising and standardising PAP proced-
ures [12]. Given that the laboratory medicine community 
has, over several decades, advocated for error reduction in 
the PAP, there is an opportunity to apply best practice from 

this specialism to research settings, including biomarker 
discovery in the PP. Considering that blood plasma is one of 
the most widely used specimen types in laboratory medi-
cine, many error-mitigating processes in the PAP, such as 
those around phlebotomy and specimen handling, are 
designed to maintain the integrity of analytes in this matrix, 
which is identical to that used in PP studies. Such processes 
have long been subject to rigorous inspection and accredi-
tation under ISO 15189, and are hence considered robust [13, 
14].

Therefore, given the existing knowledge on quality 
control and management of the PAP in laboratory medicine, 
and the shared components of the PAP across both routine 
service provision and research, the clinical laboratory

serves as a valuable model for PAP requirements in PP 
research (Figure 1).

For proteomic studies, the authors have identified the 
following key areas in the PAP which require careful docu-
mentation and standardisation, particularly in multicenter 
studies.
(1) Plasma anticoagulant type/formulation.
(2) Pre-centrifugation delay. The time elapsed between

sample collection and the separation of whole blood into 
its desired fractions.

(3) Centrifugation settings. Including: time, temperature, G
force, use of a brake, and multiple centrifugations.

(4) Post-centrifugation storage delay. The time between
sample centrifugation and long-term storage before 
analysis.

(5) Long-term storage pre-analysis.

This systematic review aims to explore recent studies which 
have addressed these critical steps in the PAP, highlighting 
their impact on sample integrity and downstream analyses.

Methods

Criteria for consideration in the review

Given the myriad factors in the PAP that might affect ana-
lyses of the PP, the inclusion criteria for publications in this
review were intentionally broad. Studies meeting the 
following criteria were extracted and analysed:
– Focused in whole, or in part, on quantitation or char-

acterisation of the plasma proteome, regardless of the 
analytical technique used.

– Examined, in whole or in part, PP changes due to PAP 
variability.

– Were performed in human-derived samples. 
– Contained samples from healthy controls and in-

dividuals with known pathology; for this review, only 
information on healthy controls was extracted. 

– Published initially in English.
– Published within the 10 years 2014–2024 inclusive.

Search methods

This systematic review was conducted in accordance with 
PRISMA guidelines [15] (Figure 2). A comprehensive search 
strategy was developed using key terms such as “Preanalytical 
Variability”, “Plasma Proteome”, “Delayed Processing”, and 
“Blood”, along with the previously described inclusion 
criteria. Searches were performed on PubMed, Embase, and
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Scopus databases on 19th March 2025, using database-specific 
strings (Supplementary Table 1, Search Strings).

Data collection and analysis

Papers returned from the database searches were imported 
into the systematic review software, Covidence, for man-
agement and further analysis [16]. Initial screening and data 
extraction were completed independently by two reviewers 
(CV&AS), with any conflicts resolved by a third independent 
reviewer (DM). Abstract screening was conducted in accor-
dance with the inclusion criteria. Two researchers (CV&AS) 
developed the data extraction template. The included studies 
were assessed for bias using the Cochrane Risk of Bias-2 
(ROB-2) assessment tool [17].

The GRADE framework was applied to assess the cer-
tainty of evidence for each preanalytical variable [18] (Sup-
plementary Table 2, GRADE Assessment). Each of the first four 
key PAP variables was assessed across the five GRADE do-
mains. Inconsistency was assessed by whether findings across 
studies were directionally consistent. Risk of bias was 
assessed as previously outlined. If one or more studies for the 
PAP variable being assessed by GRADE contained a high risk 
of bias, the certainty of evidence was downgraded. Where 
publication bias assessment was not possible, the bias score 
was marked as uncertain, and the GRADE rating remained 
unchanged. Final certainty ratings were classified as high, 
moderate, low, or very low. Combined effects of PAP variables,

e.g. anticoagulation type and pre-centrifugation delay in 
combination, were not assessed using the GRADE criteria. 

Included studies that examined a pre-centrifugation 
delay and thus analyte stability were assessed against the 
Criteria for Reporting Stability Studies (CRESS) [19]. The 
CRESS criteria are a set of 20 criteria published by the EFLM-
WG-PRE. These criteria assess the reproducibility and con-
siderations for reporting stability studies. Weighted letter 
grading provides a score from A to D, where an achieved 
letter grade of A indicates “Best in Class” and a D grade 
indicates a “Fail”. Assessing the quality of published studies 
against the CRESS criteria may allow for broad commentary 
on the current standard for PP stability studies.

Results are presented according to the sequence in 
which PAP variables are typically encountered in laboratory 
workflows. Beginning with the anticoagulant tube type, 
followed by pre-centrifugation delay, centrifugation set-
tings, post-centrifugation delays, and finally long-term 

storage. Studies examining the combined effects of PAP 
variables are reported under the first relevant PAP category. 
This structure provides a clear workflow-aligned framework 
for interpreting the evidence.

Systematic review registration

This systematic review was prospectively registered on the 
systematic review registry PROSPERO, ID: CRD420251014879.

Figure 1: Shared components of the total testing pathway in research and routine clinical laboratory medicine.
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Results

Literature search results

A total of n=1,193 results were returned when the search 
string was entered into the Scopus, PubMed, and Embase 
databases. Duplicates (n=68) were consolidated before 
screening. Following the inclusion criteria outlined above, 
n=23 articles were successfully retained. Three review arti-
cles were identified from the search; they include studies 
outside of the scope of the time period considered and serve 
as valuable resources for assessing whether findings have 
changed in more recent publications. Five studies were 
excluded since they did not address the analytical focus of 
the review (n=2), involved only a patient population with 
known pathology (n=2), or were conference abstracts that 
lacked sufficient information. Finally, n=15 studies remained 
for detailed analysis. The general characteristics of the 
included studies are shown in Table 1.

Overall, the retained studies varied considerably in sample 
size, analytical platform, and the preanalytical variables 
examined. Most studies assessed preanalytical variability by 
comparing groups and reporting statistical significance based 
on p-values. One study showed a high risk of bias, with limita-
tions relating to missing data and outcome reporting (Figure 3) 
[20]. Based on the CRESS analysis, one study received an “A” 
weighted letter grade, while the remaining studies received a 
“B” grade (Supplementary Table 3, CRESS Assessment).

The most common analytical method in the identified 
studies was LC-MS/MS, while the most widely used immu-
noassay was Proximity Extension Assay. Studies generally 
assessed preanalytical variability by comparing groups and 
reporting statistical significance based on p-values.

Anticoagulant type/formulation

Four studies investigated the influence of the anticoagulant 
type used in the PAP on the plasma proteome (Table 2).

References from other sources (n = 0)

Grey literature (n = 0) 

Studies screened (n = 1125)

Studies sought for retrieval (n = 23)

Studies assessed for eligibility (n = 23)

References removed (n = 68)  

Other reasons (n = 0 )

Studies excluded (n = 1102)

Studies not retrieved (n = 0)

Studies excluded (n = 8)  
Review (n = 3)

with known
pathology (n = 2)

(n = 1)

In
clu

de
d

Studies included in review (n = 15)   

Sc
re

en
in

g

Studies from databases/registers (n = 1193)
Scopus (n = 1036)
Embase (n = 83)
PubMed (n = 74)

Figure 2: PRISMA flow diagram for the selection 
of studies.
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Table : Study characteristics.

Author and 
year

Title Gender Age
range,
years

Fasting
status

Number 
of donors

Study design Statistical test(s) a Analysis technique

Ammerlaan 
et al. []

Method validation for pre-
paring serum and plasma 
samples from human 
blood for downstream 

proteomic, metabolomic, 
and circulating nucleic 
acid-based applications. 

Not
stated

Not
stated

Not
stated

 Randomised 
control trial

Paired t-test, one-
way ANOVA with 
post-hoc 
correction

LC-MS

Cao et al. 
[]

An integrated analysis of 
metabolites, peptides, and 
inflammation biomarkers 
for assessment of pre-
analytical variability of hu-
man plasma.

Male
and
female

– Yes  Randomised 
control trial

Repeated-
measures ANOVA 
(Latin square 
design), with mul-
tiplicity correction

LC-MS/MS

Daniels et al. 
[]

Stability of the human 
plasma proteome to pre-
analytical variability as 
assessed by an aptamer-
based approach. 

Male
and
female

– Yes  Randomised 
control trial

Repeated-
measure ANOVA 
with post-hoc 
correction, with 
BH-FDR correction 

SOMAscan assay version 
.k

Gegner et al. 
[]

Preanalytical processing of 
plasma and serum samples 
for combined proteome 
and metabolome analysis.

Male – Not
stated

 Randomised 
control trial

t-statistics and 
moderated 
F-statistics with 
BH-FDR correction 
(LIMMA analysis) 

Mass spectrometry

Halvey et al. 
[]

Variable blood processing 
procedures contribute to 
plasma proteomic 
variability.

Not
stated

Not
stated

Not
stated

– Randomised 
control trial

t-statistics and 
moderated 
F-statistics with 
BH-FDR correction 
(LIMMA analysis) 

LC–MS/MS

Haslam et al. 
[]

Stability and reproduc-
ibility of proteomic profiles 
in epidemiological studies: 
comparing the Olink and 
SOMAscan platforms. 

Male
and
female

– Yes  Randomised 
control trial

Intraclass correla-
tion coefficients 
and Spearman’s r

Olink and SOMAscanK 
version .

Hassis et al. 
[]

Evaluating the effects of 
preanalytical variables on 
the stability of the human 
plasma proteome. 

Male
and
female

– Not
stated

 Randomised 
control trial

Linear regression, 
with multiplicity 
correction (BH)

LC-MS

Huang et al. 
[]

Assessing the preanalytical 
variability of plasma and 
cerebrospinal fluid pro-
cessing and its effects on 
inflammation-related pro-
tein biomarkers.

Male
and
female

– Not
stated

 Randomised 
control trial

Paired student’s 
t-test

Proximity extension assay

Ilies et al. 
[]

Impact of blood sample
collection methods on 
blood protein profiling 
studies.

Male
and
female

– Not
stated

 Randomised 
control trial

Descriptive, Pear-
son correlation

LC-MS/MS

Kim et al. 
[]

Stability and reproduc-
ibility of proteomic profiles 
measured with an 
aptamer-based platform. 

Male
and
female

– Yes  Randomised 
control trial

Intraclass correla-
tion coefficients 
and Spearman’s r

SOMAscan assay version 
.k

Lee et al. [] Impact of whole-blood 
processing conditions on 
plasma and serum con-
centrations of cytokines.

Not
stated

Not
stated

Not
stated

 Randomised 
control trial

Repeated measure 
ANOVA, and paired 
-tailed t-test

Milliplex map human cyto-
kine/chemokine magnetic 
bead panel kit-immunology 
milliplex assay
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Plasma proteome differences due to anticoagulation 
differences alone

Evidently, studies examining the effects of anticoagulant 
tube type as the main difference on the PP tried to ensure 
that all other PAP variables remained constant and that 
samples were processed and placed in long-term storage 
immediately after collection.

Halvey et al. [21] demonstrated statistically significant 
participant-specific differences in 36 proteins when 
comparing PP observed with different anticoagulants (EDTA 
vs. heparin). The majority of proteins were observed to have 
lower concentrations in the heparin-treated tubes than in 
the EDTA-containing tubes.

Ilies et al. [22] observed that different anticoagulant tube 
types used in the PAP can yield distinct protein profiles, 
specific to each tube type. They found that sets of 61, 46, and 
37 proteins are unique to EDTA, sodium heparin, and sodium 

citrate PPs, respectively. That same study showed that a core 
set of 187 blood proteins was common to PPs across all 
anticoagulant tube types in the population examined.

Based on the synthesis of results and applying the 
GRADE framework for evaluating the certainty of evidence, 
there is a moderate (+++) certainty of evidence that the 
anticoagulant tube type used in the PAP has an impact on the 
observed PP.

Combined anticoagulation and pre-centrifugation delay 
differences

Haslam et al. [23] highlighted the critical impact of pre-
analytical factors on downstream analyses. Their study 
identified that certain protein classes showed greater 
observed stability with specific anticoagulants, and that this 
observed stability was also influenced by the analytical 
platform utilised. When performing analyses on the Olink 
platform, an antibody-based proximity extension assay, they 
demonstrated that hormones exhibit greater observed sta-
bility in heparin-treated tubes than in EDTA-treated tubes. 
Transcription factors and transferases display better sta-
bility in EDTA plasma samples when measured on the same 
platform and subjected to identical pre-centrifugation

Table : (continued)

Author and 
year

Title Gender Age
range,
years

Fasting
status

Number 
of donors

Study design Statistical test(s) a Analysis technique

Mateos et al. 
[]

Multicentric study of the 
effect of preanalytical vari-
ables in the quality of 
plasma samples stored in 
biobanks using different 
complementary proteomic 
methods.

Male
and
female

Not
stated

Not
stated

 Randomised 
control trial

Descriptive, 
ANOVA or t-test

SPE MALDI-TOF, DIGE, 
shotgun (iTRAQ, nLC MALDI 
TOF/TOF) and targeted LC 
MS/MS proteomic 
techniques

Nambu et al. 
[]

Effects of differences in 
preanalytical processing 
on blood protein profiles 
determined with SWATH-
MS.

Not
stated

Not
stated

Not
stated

 Randomised 
control trial

Student’s t-test SWATH-MS analysis

Rosskopf 
et al. []

The preanalytical process-
ing of blood samples for 
detecting biomarkers on 
protein microarrays.

Female Not
stated

Not
stated

 Randomised 
control trial

Descriptive, per-
mutation t-test 
with random vari-
ance (p<. and 
p<.)

Protein microarray

Shen et al. 
[]

Strong impact on plasma 
protein profiles by pre-
centrifugation delay but 
not by repeated freeze-
thaw cycles, as analysed 
using multiplex proximity 
extension assays.

Male
and
female

– Not
stated

 Randomised 
control trial

Pearson, 
Spearman, 
repeated-
measures ANOVA, 
multiplicity correc-
tion by bonferroni.

Multiplex proximity exten-
sion assay

a Significant p-value <. unless otherwise stated. ANOVA, analysis of variance; BH, Benjamini-Hochberg; DIGE, differential gel electrophoresis; FDR, false 
discovery rate; iTRAQ, isobaric tags for relative and absolute quantitation; LC-MS, liquid chromatography-mass spectrometry; LC-MS/MS, liquid 
chromatography tandem mass spectrometry; MALDI TOF/TOF, matrix-assisted laser desorption/ionisation tandem time-of-flight; nLC, nanoflow liquid 
chromatography; SPE, solid phase extraction; SWATH-MS, sequential window acquisition of all theoretical mass spectra.
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delays. Interestingly, under the same experimental condi-
tions, an aptamer-based assay on the SOMAscan 7k platform 

showed that overall protein stability was greater in heparin-

treated tubes than in EDTA-treated tubes. This was particu-
larly noticeable when delays before centrifugation extended 
to 48 h. The proportion of proteins showing greater observed 
stability under these PAP conditions varied substantially by 
protein class when measured on the Olink platform. In 
contrast, observed stability under the same PAP conditions 
was more comparable between protein classes when 
measured on the SOMAscan 7k platform.

In an earlier study, using the same anticoagulants, Kim 

et al. [24] investigated the effects of anticoagulant type and 
pre-centrifugation delay using an older version of the 
SOMAscan assay, the SOMAscan 1.3k platform. In contrast, 
their study demonstrated that overall protein stability was 
better in EDTA samples than in heparinised samples. How-
ever, both studies agreed that stability varied across protein 
classes and subclasses, with hormones generally more stable 
than kinases. The differences in findings across platform 

versions are acknowledged in Haslam et al. [23]. However, 
the absolute number of proteins demonstrating good sta-
bility in each protein class is higher across all matrices and 
categories for the newer SOMAscan 7k platform.

Figure 3: Risk of Bias Scores for identified 
studies assessed by the Risk of Bias-2 (ROB-2) 
assessment tool.

Table : Comparison of anticoagulant tube type in the plasma proteome 
studies.

Author Anticoagulant Findings

Halvey 
et al. []

K  -EDTA vs. lithium 

heparin
 protein abundance differences 
observed. Most protein concen-
trations are lower with lithium 

heparin than with EDTA.
Haslam 

et al. []
EDTA vs. heparin The stability of protein classes dif-

fers between the anticoagulant 
tube types used.

Ilies et al. 
[]

EDTA vs. sodium heparin 
vs. sodium citrate

Unique proteins were identified 
based on the anticoagulant used, 
with a core set of  proteins 
common to all three.

Kim et al. 
[]

EDTA VS. sodium 

heparin
Protein concentrations were lower 
with sodium heparin than with 
EDTA.
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Combined anticoagulation and temperature differences

Halvey et al. [21] demonstrated a significant interaction be-
tween anticoagulant tube type and temperature. Neverthe-
less, this interaction effect influences the PP to a significantly 
lesser extent compared to the effects of temperature and 
time to centrifugation, as assessed by Halvey et al. [21] 
through the comparison of p-values.

Pre-centrifugation delay

Several studies examined alterations in the PP due to pre-
centrifugation delays (Table 3) [21, 23–33]. The studied tem-
peratures mimic those encountered routinely in both clin-
ical and research settings, cooler temperatures (often 0 °C or
4 °C) and warmer temperatures (room temperature or 37 °C). 
Unfortunately, neither Kim nor Haslam et al. [23, 24] pro-
vided information on the temperature to which their sam-
ples were subjected during their pre-centrifugation delay 
experiments. Given that the temperature samples are 
exposed to during a pre-centrifugation delay may influence 
the observed changes in the PP, this limited our ability to 
present the results of these studies in this section. Studies 
have been grouped according to the temperatures to which 
samples were exposed during the pre-centrifugation delay.

Effects of pre-centrifugation delays at 0 °C and room 

temperature

Both Cao et al. and Daniels et al. [25, 33] examined a pre-
centrifugation delay of 6 h at 0 °C and at room temperature. 
However, the former group examined changes at the peptide 
level, while the latter examined changes in protein abun-
dance under the specified conditions. At the peptide level, 
there was a greater number of peptides affected by a pre-
centrifugation delay of 6 h at room temperature. At the 
protein level, the opposite was observed: more statistically 
significant alterations occurred at 0 °C for the same pre-
centrifugation delay. Although results differ slightly be-
tween the research groups, both identified that pre-
centrifugation delays significantly alter complement C4b, 
with both studies demonstrating increased levels.

Effects of pre-centrifugation delays at 4 °C and warmer 
temperatures

Both Halvey et al. and Shen et al. [21, 32] observed that the PP 
was more prone to change when delayed centrifugation 
was performed at room temperature. Using protein

Table : Summary of the impact of pre-centrifugation delay on plasma 
proteomic analysis.

Author Temperature, °C Maximum 

time delay, 
hours

Findings

Ammerlaan 
et al. []

– or room 

temperature
 Statistically significant

differences in micro-
particle counts were
observed with delays in
centrifugation. Howev-
er, this did not have a
statistically significant
impact on proteomic
analysis.

Cao et al. []  on wet ice or 
room 

temperature

 The storage of whole
blood for up to  h
resulted in significant
changes in peptide
levels and inflamma-
tory biomarkers.

Daniels et al. 
[]

 on wet ice or 
room 

temperature

 Changes in protein
abundance were
observed in delayed
processing samples
compared with those
processed
immediately.

Halvey et al. 
[]

 or room 

temperature
 As a primary effect, the

time before centrifu-
gation yielded the
greatest number of
statistically significant
differences.

Haslam et al. 
[]

No information 
provided

 Reduced protein sta-
bility was observed as
the time before centri-
fugation increased.

Hassis et al. 
[]

Room tempera-
ture or 

 Pre-centrifugation de-
lays of  h had pro-
found effects on
plasma protein
abundance.

Huang et al. 
[]

Room
temperature

 Measured proteins
show mainly increased
concentrations with
pre-centrifugation time
delays.

Kim et al. [] No information 
provided

 Reduced protein sta-
bility was observed as
the time before centri-
fugation increased.

Lee et al. [] Room
temperature

 Significant changes in
cytokine concentration
measurements were
observed when centri-
fugation was delayed.

Mateos et al. 
[]

 or room 

temperature
 No detectable signifi-

cant changes were
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concentrations measured after a 1-h delay at 4 °C as a 
reference, the latter team observed proteome preservation 
for up to 8 h at 4 °C, with 5 % of proteins surpassing their 
reference threshold. In comparison, proteome preservation 
was observed for 1 h at 22 °C, with 6 % of proteins breaking 
their reference threshold. Nambu et al. [31] made similar 
observations between samples kept at 0–5 °C and room 

temperature. More proteins showed statistically significant 
changes over time in uncentrifuged samples at room tem-
perature than at refrigerated temperatures. This apparent 
temperature-dependent exacerbation of protein alterations 
further supports the observations of Hassis et al. [29] They 
studied the effects of a pre-centrifugation delay at room 

temperature compared to 37 °C. At room temperature, 41 
statistically significant alterations were observed, compared 
to 83 at the higher temperature, for the same pre-
centrifugation delay.

Of the papers that studied pre-centrifugation delays at 
these temperatures, two studies [27, 28] concluded that there 
were no statistically significant changes in the PP. Mateos 
et al. [28] demonstrated no statistically significant changes in 
plasma proteins when samples were subjected to pre-
centrifugation delays of 4 h at room temperature and 24 h at
4 °C.

Ammerlaan et al. [27] reported no statistically signifi- 
cant difference in results when a 2-h pre-centrifugation 
delay was used at 4 °C or at room temperature for proteomic 
analysis. The authors acknowledge that their small sample 
size (n=3) limits the conclusions, and negative results should 
be interpreted with caution.

Synthesising the results on the effects of a pre-
centrifugation delay on the PP and applying the GRADE

framework to evaluate the certainty of evidence, it can be 
concluded that the evidence is of moderate certainty. A pre-
centrifugation delay in the PAP will likely affect the PP.

Centrifugation settings

Many studies directly investigated whether variability in the 
centrifugation step of blood processing contributed to al-
terations observed in the PP (Table 4) [25, 29, 33, 34]. 

Gegner et al. [34] initially utilised two different g-forces 
(2,000 × g and 4,000 × g) in their study and investigated 
whether statistically significant differences in plasma pro-
teins occur at different centrifugal forces. They concluded 
that there were no significant effects due to differences 
in RCFs.

Hassis et al. [29] employed two different published 
blood-processing Standard Operating Procedures (SOPs) in 
their study. One of which entailed a single spin for plasma 
processing [35]. The other employed a double-spin process, 
in which blood was first processed to plasma, and then the 
plasma was aliquoted and spun a second time at a higher 
speed [36]. They concluded that changes observed due to a 
pre-centrifugation delay and elevated temperature during 
that delay could not be distinguished solely from differences

Table : (continued)

Author Temperature, °C Maximum 

time delay, 
hours

Findings

observed as a result of 
delays in blood 
processing.

Nambu et al. 
[]

– or room 

temperature
 Five proteins displayed 

significantly higher 
expression after sub-
jection to delays in 
processing at room 

temperature.
Shen et al. 
[]

 or   Extended storage of 
whole blood before 
centrifugation can alter 
plasma protein 
profiles.

Table : Impact of centrifugation settings.

Author Centrifugation settings Findings

g Time,
min

Temperature,
°C

Cao 
et al. 
[]

, or 
,

 Room
temperature

No statistically sig-
nificant observa-
tions were noted in 
protein 
measurements. 

Daniels 
et al. 
[]

, or 
,

 Room
temperature

Statistical signifi- 
cance in protein 
abundance was 
observed.

Gegner 
et al. 
[]

, or 
,

 No information 
provided

Could not attribute 
any significant 
changes in the 
plasma proteome 
between centrifu-
gation settings. 

Hassis 
et al. 
[]

Double 
spin st 
, nd 
, or 
single spin 
,

Double 
spin   
or single 
spin 

 Changes observed 
in the plasma pro-
teome could not be 
distinguished based 
on centrifugation 
settings.
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in the centrifugation protocol. Indicating that differences in 
centrifugation settings alone are not sufficient to cause sta-
tistically significant differences in the PP.

Cao et al. and Daniels et al. [25, 33] both defined 1,300 × g 
as a low RCF for plasma processing. Upon processing plasma 
at this speed and comparing results with their control speed 
of 2,500 × g, the former group observed no statistically sig-
nificant differences in the proteins they investigated. In 
contrast, the latter group observed statistical differences in 
protein abundance when a lower centrifugal force was 
applied. Daniels et al. [25] analysed 1,305 proteins, while Cao 
et al. [33] identified 15 unique proteins associated with the 
peptides analysed. Investigating these conflicting results 
further by evaluating the proteins these studies had in 
common revealed that neither group found statistical sig-
nificance for the same proteins. The significant difference in 
the number of proteins studied between the groups can ac-
count for the reported differences in their findings.

Based on the synthesis of results and the GRADE 
framework for evaluating the certainty of evidence, there is 
moderate (+++) certainty that centrifugation settings alone 
did not contribute to observed PP differences. However, the 
authors strongly recommend using uniform centrifugation 
settings in proteomics research.

Post-centrifugation storage delay

Three studies [29, 33, 34] investigated the effects of a post-
centrifugation delay. Two studies investigated the effects of 
delayed storage at 24 h only, while one study investigated the 
effects at different time points.

The studies [29, 33] that examined the effects of delayed 
plasma storage for 24 h only, one examined changes at 4 °C 
and at room temperature [33]. While the other examined 
effects at room temperature only [29]. Both studies observed 
statistically significant alterations in plasma proteins. 

Gegner et al. [34] investigated the effects of delayed 
plasma storage at different time intervals, providing valu-
able information on the stability limits when a delay is un-
avoidable. Their study demonstrated that rapid handling of 
plasma at 4 °C, with storage for less than 2 h, offers the best 
preservation of plasma proteins.

Based on the evidence, a post-processing delay is likely 
to affect the observed PP; therefore, in the GRADE assess-
ment, it has been assigned a moderate (+++) level of cer-
tainty of evidence. However, for the certainty of our 
recommendation for plasma proteomics, we have assigned a 
strong certainty of evidence to our recommendation.

Long-term storage pre-analysis

Most studies included in this systematic review stored 
samples at −80 °C before analysis [20–22, 25, 26, 28, 29, 31–34]. 
While some did not report their storage temperature [27], 
one study stored samples at −70 °C [30].

Discussion

Anticoagulant type/formulation and its 
effect on the observed PP

Different anticoagulant formulations are used across 
routine services and research, including sodium citrate, 
potassium salts of EDTA, lithium/sodium heparin, and fluo-
ride/oxalate. The studies identified in this review collectively 
examined only three routinely encountered anticoagulant 
formulations. These anticoagulants prevent clotting through 
different mechanisms, including calcium chelation by citrate 
and EDTA, and thrombin inhibition by heparin, which may 
contribute to differences in the observed PP [37].

EDTA is considered a more inert anticoagulant than 
heparin. EDTA also inhibits divalent cation-dependent pro-
teases, thereby offering proteins some protection from 

proteolytic processes. Therefore, standardised blood collec-
tion protocols generally use EDTA as the preferred antico-
agulant for plasma collection [35]. Based on our findings, we 
recommend that, when designing the preanalytical phase of 
a clinical research study, the downstream analytical re-
quirements – such as the analysis platform and analyte of 
interest – be considered when selecting the appropriate 
anticoagulant tube type, as each has its caveats. Additional 
complexity arises from different formulations of EDTA 
anticoagulant tube types being manufactured, with choices 
available in salt forms containing EDTA complexed with 
either 2 (K 2 ) or 3 (K 3 ) potassium molecules. Therefore, when 
EDTA is selected as the anticoagulant, we recommend that 
multicenter studies utilise tubes from the same manufac-
turer and containing the same potassium formulation 
whenever feasible.

While the exact analytical platform that will be used to 
generate results may not always be known, or may change 
due to technological advancements, following the study 
design stage. We recommend choosing K 2 -EDTA due to its 
protection against proteolysis.

Inconsistencies in sample handling can propagate 
through the analytical pipeline, affecting data quality, 
biomarker discovery, and clinical utility. Our findings
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highlight variability in observed PP stability, depending on 
both the anticoagulant tube type and the analytical platform 

utilised, underscoring the need for preanalytical protocols 
tailored to downstream analyses.

Pre-centrifugation delay and its effect on the 
observed PP

The vast majority of papers included in this review exam-
ined and identified pre-centrifugation delay as a statistically 
significant factor influencing qualitative and quantitative 
analyses of the PP [21, 25, 26, 29–33]. It is recommended that 
wholeblood plasma be centrifuged as soon as phlebotomy is 
complete. However, if a pre-centrifugation delay cannot be 
avoided, it is recommended that samples be stored at 4 °C for 
no longer than 4 h. Our findings are consistent with previ-
ously published recommendations on preanalytical sample 
processing. It is also recommended that pre-centrifugation 
delays be meticulously documented and taken into account 
during data analysis and results interpretation.

Many studies within the scope of this review discussed 
inter-individual variation among PPs and how subject-
specific PP alterations can occur within samples subject to 
the same PAP conditions. Cao et al. [33] reported that 4 of 20 
participant samples showed distinct alterations in plasma 
fibrinogen concentrations under the same PAP conditions 
compared with other participant samples. Interestingly, the 
study by Mateos et al. [28], which pooled samples from 100 
individuals prior to analysis, found no statistically signifi- 
cant changes in the plasma proteins examined. Pooling in 
this way does not allow researchers to account for subject-
specific changes in PP concentrations under the same PAP 
conditions and may obscure patient-specific effects. There-
fore, through their pooling of samples, Mateos et al. may 
have masked changes in the PP due to a pre-
centrifugation delay.

The effect of centrifugation settings on the 
observed PP

Studies considering the effect of centrifugation protocols 
suggest that, at least for the parameter settings examined, 
they do not have a significant influence on PP compared with 
other preanalytical variables.

Confusion can arise from inconsistent terminology for 
describing centrifugation settings, and the use of different 
centrifuge models or rotors across laboratories can increase 
the risk of errors [38]. Importantly, disparities between 
theoretical understanding and practical application of

centrifugation principles may also further contribute to 
variability between study sites [39]. In the absence of 
standardised terminology, identical centrifugation protocols 
may be interpreted and executed differently in practice. 

Therefore, the authors strongly recommend that 
centrifugation settings be consistent across multicenter 
studies. Through employing standardised terminology and 
centrifugation settings, researchers can focus on controlling 
other areas of the PAP that have been highlighted as having a 
greater impact on the PP. One approach to ensuring uniform 

centrifugation settings across multiple study sites would be 
to use blood collection tubes from the same manufacturer 
and adhere to that manufacturer’s recommended centrifu-
gation settings.

Post-centrifugation storage delay and its 
effect on the PP

All studies identified in this review agreed that delays in 
long-term storage of plasma lead to statistically significant 
alterations in components of the PP. Gegner et al. [34] re-
ported that rapid handling of plasma at 4 °C, with storage 
within 2 h, offers the best preservation of the plasma pro-
teins examined in their study. Their findings are in agree-
ment with published guidelines on the processing and 
storage of plasma samples prior to analysis. The Human 
Proteome Organization Plasma Proteome Project (HUPO-
PPP) proposes that a common practical compromise is to 
process and aliquot plasma samples within 1–2 h of collec-
tion, with storage at −80 °C [40].

Prolonged plasma contact with the red cell layer after 
centrifugation has been documented as a source of vari-
ability in routine biochemical tests [41, 42]. Delays in ali-
quoting and storing plasma may allow for the active and 
passive movement of analytes between cellular components 
and the plasma fraction, leading to variability in the PP. 
Importantly, PP integrity may also be compromised inde-
pendently of red cell contact, reflecting the intrinsic insta-
bility limits of the component proteins, and underscoring the 
need to minimise post-centrifugation delays regardless of 
cellular contamination. Therefore, the authors have placed a 
strong certainty of evidence in our recommendation, which 
also aligns with previously published guidelines, thereby 
enhancing its credibility.

Long-term storage pre-analysis

According to the HUPO-PPP, samples should ideally be snap-
frozen and stored in liquid nitrogen; this procedure was
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followed by two studies identified in this review [23, 24]. 
However, HUPO-PPP acknowledge this storage method is 
impractical for most and agrees that a suitable compromise 
is storage at −80 °C with minimal temperature fluctuations. 
The Early Detection Research Network, a National Cancer 
Institute initiative, was funded to discover and validate 
systemic biomarkers. They are a multinational consortium 

that designs SOPs for the processing of plasma samples. They 
agreed with Rai et al. [40] of the HUPO-PPP that, if liquid 
nitrogen was unavailable for sample storage, −80 °C was 
suitable for sample preservation [35]. With almost all studies 
storing samples at −80 °C, there is a clear understanding of 
the currently accepted long-term storage conditions 
required for sample preservation.

How strategies in the PAP of clinical 
laboratory medicine may help manage the 
PAP in plasma proteomics research

Clinical laboratories often perform measurements for 
analytes with short stability limits and have processes to 
ensure the accuracy and validity of these test results, upon 
which clinical decisions may be made. In recent years, 
accreditation bodies have placed greater emphasis on 
medical laboratories controlling and mitigating errors in 
the PAP. To meet ISO15189 standards, clinical laboratories 
have striven to reduce PAP errors, demonstrating a clear 
understanding of the PAP in this discipline and a desire for 
continuous improvement [43, 44]. The authors suggest, 
therefore, that processes required to control errors in the 
PAP are better progressed and more widely used in labo-
ratory medicine than in clinical research, and that knowl-
edge from the former field could inform the latter, 
including in research relating to the PP. Some key differ-
ences, however, must be considered. In laboratory medi-
cine, routine measurement of clinically relevant proteins 
involves assays and procedures tailored to the PAP con-
siderations of specific proteins, which are often designed 
and refined over decades. Given the heterogeneity and vast 
protein repertoire in the PP, and the fact that much 
research involves identifying proteins of interest whose 
susceptibility to PAP processes may not be known, it is not 
easy to make recommendations that are universally 
applicable to all components of the PP. However, the au-
thors suggest adopting certain key principles.

It is likely that some of these proteins are sensitive to, or 
require, preanalytical conditions similar to those observed 
for analytes with known reduced stability, as in clinical

routine. Without robust PAP conditions or consideration of 
all factors that can influence the PAP in PP research, the 
discovery of novel candidate biomarkers of pathology may 
be hindered. A lack of PAP reporting or consideration in PP 
research may also lead to the false discovery or reduced 
reproducibility of findings, ultimately impeding biomarker 
discovery in PP research. Drawing on knowledge of the PAP 
from laboratory medicine, this review has gathered evi-
dence on the impact of PAP variables on the PP and high-
lighted the importance of controlling for these variables in 
PP research.

Previous reviews and existing guidance

Three reviews [45–47] were identified in this systematic re-
view. These provide valuable insight into previously iden-
tified pitfalls in the PAP. Collectively, the previously 
conducted reviews identified several major influencing 
factors on the PAP concerning the PP, including blood 
collection methods, processing delays, centrifugation set-
tings, storage delays, and temperature. We have attempted 
to consolidate the observed differences in the PP due to 
preanalytical variability across analytical platforms, 
thereby guiding researchers in the field and setting this re-
view apart from others. To the best of the authors’ knowl-
edge, this systematic review is the first to comprehensively 
evaluate the effects of preanalytical variables on the plasma 
proteome.

There is an understanding of the factors that can influ-
ence variability at the analytical stage of plasma proteomics. 
However, the importance of the PAP is, perhaps, less well 
appreciated. In a worst-case scenario, an uncontrolled PAP 
increases the likelihood of erroneous biomarker identifica-
tion and potentially leads to significant pathology markers 
remaining undiscovered. While many studies fail to report 
PAP conditions, this does not suggest these studies are of 
poor quality, or that they did not, by design or otherwise, 
have stable PAP processes. Rather, it reduces study repro-
ducibility and perhaps betrays a lack of appreciation of the 
importance of PAP conditions in PP research. To illustrate 
this issue, a targeted PubMed search conducted in the last 
quarter of 2024 identified 97 published articles that directly 
contained the words “Plasma Proteome”. Of these, 13 papers 
focused on biomarker discovery in humans, with only 5 
giving detailed accounts of their preanalytical processes and 
conditions.

The Minimum Information About a Proteomics Experi-
ment (MIAPE) guidelines are a HUPO initiative being
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developed to improve proteomics research by standardising 
data reporting and enhancing data quality. It is not a single 
standard but rather a collection of modules catering to 
different aspects of proteomics research [48]. Currently, 
MIAPE modules tend to focus on the minimum information 
required for analyser-specific analysis replication. Unfor-
tunately, there is also limited awareness of the MIAPE 
guidelines, and they can be complex to understand and 
implement, especially without prior exposure [49]. The 
development of a PAP MIAPE module, along with increased 
awareness within the PP research field, may benefit prote-
omic study reproducibility and define minimum informa-
tion reporting standards for the PAP in proteome research. 

Notably, Lippi et al., on behalf of the EFLM-WG-PRE, 
have proposed recommendations for preventing pre-
analytical diagnostic errors in clinical trials (PREDICT) [50]. 
While such guidance provides an essential framework for 
high-quality clinical research, it does not systematically 
synthesise evidence specific to PP analyses, where protein-
specific stability, analytical sensitivity, and workflow-
dependent effects may differentially influence outcomes. 
The present systematic review, therefore, aims to comple-
ment existing guidance by focusing specifically on evidence 
relevant to PP research.

Importance for future translation into 
clinical care

Major collaborations among research laboratories, diag-
nostic laboratories, different clinical disciplines, and clini-
cians are necessary for the successful implementation of a 
novel biomarker into routine clinical chemistry services. 
From a clinical perspective, a new test must provide addi-
tional or replace information from an already existing test 
while also improving clinical outcomes. From a laboratory 
operational perspective, it must be easily integrated into 
existing workflows, meaning there must be a clear under-
standing of the requirements for preanalytical handling. 
Novel biomarkers must also demonstrate sufficient pre-
analytical stability to be integrated into the clinical labora-
tory workload. Investigations into the preanalytical 
requirements for a novel biomarker should be conducted as 
early as possible during the evaluation stage [51]. These in-
vestigations should include those directly involved in clin-
ical laboratory medicine, as there is a crucial understanding 
of the importance of stringent preanalytical controls in this 
profession [5].

The EFLM-WG-PRE was established by the EFLM in 2013 
to improve the quality of the PAP in Europe [10]. Since their 
foundation, the working group has published a set of criteria 
for evaluating stability studies, known as the CRESS criteria. 
The authors recommend using the CRESS criteria in the design 
of proteomic stability studies, as they enable standardised 
reporting and allow other laboratories to assess whether an 
analyte’s stability criteria are met in their healthcare envi-
ronments [52]. The studies included in this review scored well 
on the CRESS criteria, indicating that, as stability studies, they 
were well designed and their findings may be readily trans-
ferable to an institution’s healthcare setting.

While many studies may satisfy requirements for pre-
analytical stability, additional factors commonly measured 
in the clinical routine laboratory setting must also be 
considered to meet acceptability criteria. For instance, he-
molysis, icterus and lipemia (HIL) are routine acceptability 
criteria in clinical chemistry, and affected samples may be 
rejected due to compromised analytical reliability. Analyt-
ical investigations to assess the interference effects of HIL 
are also essential before a novel biomarker can be fully 
adopted into clinical routine.

Gaps and limitations

Notable limitations identified by the authors for this sys-
tematic review are the limited number of eligible articles 
identified in the last 10 years. Studies included in this review 
variously examined overall changes in the PP and alter-
ations in specific proteins in response to PAP variations. 
However, due to heterogeneity in study design and report-
ing, a quantitative synthesis was not feasible, and our ability 
to apply the GRADE framework to assess the certainty of 
evidence was reduced. This limited our ability to specify 
protein-specific PAP conditions. Instead, the authors make 
recommendations to protect the integrity of the proteins that 
might be considered the least stable within the PP when 
undertaking proteomic discovery work. Small sample sizes 
in some studies also contribute to the limitations of this 
systematic review. However, even with the relatively small 
number of studies identified, this highlights the need for 
more robust investigation and reporting of preanalytical 
conditions in PP research, especially in biomarker discovery. 
The available studies have demonstrated statistically sig-
nificant alterations in the PP due to the preanalytical con-
ditions encountered during the research PAP.
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Conclusions and general 
recommendations

The PP has strong potential to revolutionise biomarker dis-
covery for disease diagnosis and therapeutic monitoring. 
However, without controlling for preanalytical variability in 
sample processing, biomarker discovery could be compro-
mised. Because large sample sizes are typically required for 
novel biomarker discovery, multicenter sites for sample 
acquisition are common. Based on this systematic review, 
SOPs tailored to the clinical research question should be 
provided to all study centres participating in the study. These 
SOPs should consider how best to protect proteins and 
ensure analytical validity while also being cognizant of the 
different facilities, staff, and infrastructure available at each 
site. They should also ensure uniform exposure at all sites to 
PAP variables, to a degree that will not invalidate or 
compromise PP research results.

Temperature and time appear to have the most pro-
nounced adverse effects on the PP. In line with previously 
published guidelines, it is recommended to minimise pre-
processing delays to no longer than 4 h, with the sample 
stored at 4 °C for the duration of the delay. Documentation of 
deviations from this is needed and should be considered in 
the data analysis stage if conflicting results arise. The anti-
coagulant type used should remain constant between study 
sites and be pre-determined based on the analytical platform 

to be utilised, highlighting the need for careful consideration 
of the analysis from the study design stage onward. Centri-
fugation settings did not appear to influence PP in the current 
studies. However, the authors recommend uniformity in 
centrifugation settings across study centres. Post-processing 
storage delays should not exceed 2 h. If delays before long-
term storage are unavoidable, storage at 4 °C appears to offer 
the best preservation of the PP.

Through highlighting the significant effects of pre-
analytical variations on the PP, it is anticipated that more 
consideration will be given to standardising the PAP for 
biomarker discovery through proteome research (Table 5).

Research ethics: Not applicable.
Informed consent: Not applicable.
Author contributions: All authors have accepted re-
sponsibility for the entire content of this manuscript and 
approved its submission.
Use of Large Language Models, AI and Machine Learning 
Tools: None declared.
Conflict of interest: The authors state no conflict of 
interest.

Research funding: This work has been supported in part by 
a grant from the Cerebral Palsy Foundation and Research 
Ireland (grant number 22/SPP/11074).
Data availability: Not applicable.

References

1. Wilkins MR, editor. Proteome research: new frontiers in functional 
genomics. Berlin, Heidelberg: Springer; 1997:243 p. (Principles and 
practice).

2. Malmström E, Kilsgård O, Hauri S, Smeds E, Herwald H, Malmström L, 
et al. Large-scale inference of protein tissue origin in gram-positive 
sepsis plasma using quantitative targeted proteomics. Nat Commun 
2016;7:10261.

3. Anderson NL, Anderson NG. The human plasma proteome. Mol Cell 
Proteomics 2002;1:845–67.

4. Pandey A, Mann M. Proteomics to study genes and genomes. Nature 
2000;405:837–46.

5. Plebani M, Scott S, Simundic AM, Cornes M, Padoan A, Cadamuro J, 
et al. New insights in preanalytical quality. Clin Chem Lab Med 2025;63: 
1682–92.

6. Lima-Oliveira G, Volanski W, Lippi G, Picheth G, Guidi GC. Pre-analytical 
phase management: a review of the procedures from patient 
preparation to laboratory analysis. Scand J Clin Lab Investig 2017;77: 
153–63.

7. Plebani M. The detection and prevention of errors in laboratory 
medicine. Ann Clin Biochem 2010;47:101–10.

8. Alcantara JC, Alharbi B, Almotairi Y, Alam MJ, Muddathir ARM, 
Alshaghdali K. Analysis of preanalytical errors in a clinical chemistry 
laboratory: a 2-year study. Medicine 2022;101:e29853.

9. Plebani M. Quality indicators to detect pre-analytical errors in 
laboratory testing. Clin Biochem Rev 2012;33:85–8.

10. Lippi G, Simundic AM. The EFLM strategy for harmonization of the 
preanalytical phase. Clin Chem Lab Med 2018;56:1660–6.

11. Ren AH, Fiala CA, Diamandis EP, Kulasingam V. Pitfalls in cancer 
biomarker discovery and validation with emphasis on circulating tumor 
DNA. Cancer Epidemiol Biomarkers Prev 2020;29:2568–74.

12. Chandramouli K, Qian PY. Proteomics: challenges, techniques and 
possibilities to overcome biological sample complexity. Hum Genom 

Proteonomics 2009;2009:239204.
13. Lan J, Núñez Galindo A, Doecke J, Fowler C, Martins RN, Rainey-

Smith SR, et al. Systematic evaluation of the use of human plasma and 
serum for mass-spectrometry-based shotgun proteomics. J Proteome 
Res 2018;17:1426–35.

14. Geyer PE, Kulak NA, Pichler G, Holdt LM, Teupser D, Mann M. Plasma 
proteome profiling to assess human health and disease. Cell Syst 2016; 
2:185–95.

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. BMJ 2021:n71. https://doi.org/10. 
1136/bmj.n71.

16. Covidence. Melbourne, Australia: Veritas Health Innovation. Available 
from: www.covidence.org.

17. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 
2019;28:l4898.

2138 Vaughan et al.: Plasma proteomics: considerations for preanalytical variability

https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.covidence.org


18. Prasad M. Introduction to the GRADE tool for rating certainty in 
evidence and recommendations. Clin Epidemiol Glob Health 2024;25: 
101484.

19. Cornes M, Vermeersch P, Šimundić AM, Von Meyer A, Šálek T, Meyer B, 
et al. The final part of the CRESS trilogy – how to evaluate the quality of 
stability studies. Clin Chem Lab Med 2024;62:2128–39.

20. Rosskopf S, Gyurján I, Luna-Coronell JA, Vierlinger K, Singer CF, 
Rappaport C, et al. The pre-analytical processing of blood samples for 
detecting biomarkers on protein microarrays. J Immunol Methods 
2015;418. https://doi.org/10.1016/j.jim.2015.01.009.

21. Halvey P, Farutin V, Koppes L, Gunay NS, Pappas DA, Manning AM, et al. 
Variable blood processing procedures contribute to plasma proteomic 
variability. Clin Proteom 2021;18:5.

22. Ilies M, Iuga CA, Loghin F, Dhople VM, Thiele T, Völker U, et al. Impact of 
blood sample collection methods on blood protein profiling studies. 
Clin Chim Acta 2017;471:128–34.

23. Haslam DE, Li J, Dillon ST, Gu X, Cao Y, Zeleznik OA, et al. Stability and 
reproducibility of proteomic profiles in epidemiological studies: 
comparing the Olink and SOMAscan platforms. Proteomics 2022;22: 
e2100170.

24. Kim CH, Tworoger SS, Stampfer MJ, Dillon ST, Gu X, Sawyer SJ, et al. 
Stability and reproducibility of proteomic profiles measured with an 
aptamer-based platform. Sci Rep 2018;8:8382.

25. Daniels JR, Cao Z, Maisha M, Schnackenberg LK, Sun J, Pence L, et al. 
Stability of the human plasma proteome to pre-analytical variability as 
assessed by an aptamer-based approach. J Proteome Res 2019;18: 
3661–70.

26. Huang J, Khademi M, Lindhe Ö, Jönsson G, Piehl F, Olsson T, et al. 
Assessing the preanalytical variability of plasma and cerebrospinal 
fluid processing and its effects on inflammation-related protein 
biomarkers. Mol Cell Proteomics 2021;20:100157.

27. Ammerlaan W, Trezzi JP, Lescuyer P, Mathay C, Hiller K, Betsou F. 
Method validation for preparing serum and plasma samples from 

human blood for downstream proteomic, metabolomic, and 
circulating nucleic acid-based applications. Biopreserv Biobanking 
2014;12:269–80.

28. Jesús M, Mateos J, Isabel MSPC, Carneiro I, Corrales FJ, Corrales FJ, et al. 
Multicentric study of the effect of pre-analytical variables in the quality 
of plasma samples stored in biobanks using different complementary 
proteomic methods. J Proteonomics 2017;150:109–20.

29. Hassis ME, Niles RK, Braten MN, Albertolle ME, Ewa Witkowska H, 
Hubel CA, et al. Evaluating the effects of preanalytical variables on the 
stability of the human plasma proteome. Anal Biochem 2015;478: 
14–22.

30. Lee JE, Kim JW, Han BG, Shin SY. Impact of whole-blood processing 
conditions on plasma and serum concentrations of cytokines. 
Biopreserv Biobanking 2016;14:51–5.

31. Nambu M, Nishiumi S, Kobayashi T, Masuda T, Ito S, Yoshida M, et al. 
Effects of differences in pre-analytical processing on blood protein 
profiles determined with SWATH-MS. J Proteonomics 2020;223. https:// 
doi.org/10.1016/j.jprot.2020.103824.

32. Shen Q, Björkesten J, Galli J, Ekman D, Broberg J, Nordberg N, et al. Strong 
impact on plasma protein profiles by precentrifugation delay but not by 
repeated freeze-thaw cycles, as analyzed using multiplex proximity 
extension assays. Clin Chem Lab Med 2018;56:582–94.

33. Cao Z, Kamlage B, Wagner-Golbs A, Maisha M, Sun J, Schnackenberg LK, 
et al. An integrated analysis of metabolites, peptides, and inflammation 
biomarkers for assessment of preanalytical variability of human plasma. 
J Proteome Res 2019;18:2411–21.

34. Gegner HM, Naake T, Dugourd A, Müller T, Czernilofsky F,
Kliewer G, et al. Pre-analytical processing of plasma and serum 

samples for combined proteome and metabolome analysis. bioRxiv 
2022;((Gegner H.M.; Kunze-Rohrbach N.; Hell R.; Poschet G., 
j.krijgsveld@dkfz-heidelberg.de) Centre for Organismal Studies (COS), 
Metabolomics Core Technology Platform, University of Heidelberg, Im 

Neuenheimer Feld 360, Heidelberg, Germany). https://doi.org/10.1101/ 
2022.04.26.489520.

35. Tuck MK, Chan DW, Chia D, Godwin AK, Grizzle WE, Krueger KE, et al. 
Standard operating procedures for serum and plasma collection: 
early detection research network consensus statement standard 
operating procedure integration working group. J Proteome Res 
2009;8:113–7.

36. Zawadzka AM, Schilling B, Cusack MP, Sahu AK, Drake P, Fisher SJ, et al.
Phosphoprotein secretome of tumor cells as a source of candidates for 
breast cancer biomarkers in plasma. Mol Cell Proteomics 2014;13: 
1034–49.

37. Reddel C. Choosing the right blood collection tubes. 2024. Available 
from: https://bitesizebio.com/23701/choosing-the-right-blood-
collection-tubes/.

38. Sonmez C, Gümüş A, Senes M, Aykal G, Taneli F, Aksungar F, et al. An
important source of preanalytical error in medical laboratories: 
centrifugation. Turk J Biochem 2021;46:399–405.

39. Gümüş A, Zengi O, Kazezoğlu C, Uçar KT, Coşkun C, Tek S, et al.
Assessment of centrifugation knowledge among medical laboratory 
personnel: a survey-based study. BMC Med Educ 2025;25:398.

40. Rai AJ, Gelfand CA, Haywood BC, Warunek DJ, Yi J, Schuchard MD, et al.
HUPO Plasma Proteome project specimen collection and handling: 
towards the standardization of parameters for plasma proteome 
samples. Proteomics 2005;5:3262–77.

41. Boyanton BL, Blick KE. Stability studies of twenty-four analytes in 
human plasma and serum. Clin Chem 2002;48:2242–7.

42. Flores CFY, de Las Mercedes Hurtado Pineda Á, Bonilla VMC, 
Sáenz-Flor K. Sample management: stability of plasma and serum on 
different storage conditions. EJIFCC 2020;31:46–55.

43. John GK, Favaloro EJ, Austin S, Islam MZ, Santhakumar AB. From
errors to excellence: the pre-analytical journey to improved quality 
in diagnostics. A scoping review. Clin Chem Lab Med 2025;63: 
1243–59.

44. Lippi G, Mattiuzzi C, Bovo C. Are we getting better at the
preanalytical phase or just better at measuring it? J Lab Precis Med 
2018;3:11.

45. Salvagno GL, Danese E, Lippi G. Preanalytical variables for liquid
chromatography-mass spectrometry (LC-MS) analysis of human blood 
specimens. Clin Biochem 2017;50:582–6.

46. Ignjatovic V, Geyer PE, Palaniappan KK, Chaaban JE, Omenn GS,
Baker MS, et al. Mass spectrometry-based plasma proteomics: 
considerations from sample collection to achieving translational data. 
J Proteome Res 2019;18:4085–97.

47. Li Q, Wang X, Li X, He X, Wan Q, Yin J, et al. Obtaining high-quality blood 
specimens for downstream applications: a review of current 
knowledge and best practices. Biopreserv Biobanking 2018. https:// 
doi.org/10.1089/bio.2018.0052.

48. Taylor CF, Paton NW, Lilley KS, Binz PA, Julian RK, Jones AR, et al. The
minimum information about a proteomics experiment (MIAPE). Nat 
Biotechnol 2007;25:887–93.

49. Lee S. NumberAnalytics. 2025. [cited 2025 Jul 14]. The Ultimate Guide to
MIAPE for Proteomics. Available from: https://www.numberanalytics. 
com/blog/ultimate-guide-to-miape-for-proteomics.

Vaughan et al.: Plasma proteomics: considerations for preanalytical variability 2139

https://doi.org/10.1016/j.jim.2015.01.009
https://doi.org/10.1016/j.jprot.2020.103824
https://doi.org/10.1016/j.jprot.2020.103824
https://doi.org/10.1101/2022.04.26.489520
https://doi.org/10.1101/2022.04.26.489520
https://bitesizebio.com/23701/choosing-the-right-blood-collection-tubes/
https://bitesizebio.com/23701/choosing-the-right-blood-collection-tubes/
https://doi.org/10.1089/bio.2018.0052
https://doi.org/10.1089/bio.2018.0052
https://www.numberanalytics.com/blog/ultimate-guide-to-miape-for-proteomics
https://www.numberanalytics.com/blog/ultimate-guide-to-miape-for-proteomics


50. Lippi G, Von Meyer A, Cadamuro J, Simundic AM. PREDICT: a checklist 
for preventing preanalytical diagnostic errors in clinical trials. Clin 
Chem Lab Med 2020;58:518–26.

51. Sturgeon C, Hill R, Hortin GL, Thompson D. Taking a new biomarker into 
routine use–a perspective from the routine clinical biochemistry 
laboratory. Proteonomics Clin Appl 2010;4:892–903.

52. Cornes M, Simundic AM, Cadamuro J, Costelloe SJ, Baird G, 
Kristensen GBB, et al. The CRESS checklist for reporting stability

studies: on behalf of the European Federation of Clinical 
Chemistry and Laboratory Medicine (EFLM) working group for 
the preanalytical phase (WG-PRE). Clin Chem Lab Med 2021;59: 
59–69.

Supplementary Material: This article contains supplementary material 
(https://doi.org/10.1515/cclm-2026-0330).

2140 Vaughan et al.: Plasma proteomics: considerations for preanalytical variability

https://doi.org/10.1515/cclm-2026-0330

	Plasma proteomics: considerations for preanalytical variability; a systematic review with narrative synthesis
	Introduction
	Clinical potential of the plasma proteome
	The preanalytical phase in laboratory medicine and research settings

	Methods
	Criteria for consideration in the review
	Search methods
	Data collection and analysis
	Systematic review registration

	Results
	Literature search results
	Anticoagulant type/formulation
	Plasma proteome differences due to anticoagulation differences alone
	Combined anticoagulation and pre-centrifugation delay differences
	Combined anticoagulation and temperature differences

	Pre-centrifugation delay
	Effects of pre-centrifugation delays at 0 °C and room temperature
	Effects of pre-centrifugation delays at 4 °C and warmer temperatures

	Centrifugation settings
	Post-centrifugation storage delay
	Long-term storage pre-analysis

	Discussion
	Anticoagulant type/formulation and its effect on the observed PP
	Pre-centrifugation delay and its effect on the observed PP
	The effect of centrifugation settings on the observed PP
	Post-centrifugation storage delay and its effect on the PP
	Long-term storage pre-analysis
	How strategies in the PAP of clinical laboratory medicine may help manage the PAP in plasma proteomics research
	Previous reviews and existing guidance
	Importance for future translation into clinical care

	Gaps and limitations
	Conclusions and general recommendations
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


