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Abstract
Background: Vitamin C (ascorbic acid) is a micronutrient imperative for many bodily functions, 
with research revealing its functional support of leukocytes. The purpose of this meta-analysis 
was to determine the effects of surgery on leukocyte vitamin C concentrations by assessing the 
amount and longevity of post-operative leukocyte vitamin C change. 
Methods: We searched the PubMed, Scopus and the Cochrane Library databases for relevant 
research papers. Studies were included until January 2022, with no time limits. Studies that 
reported means and standard deviations of leukocyte/buffer layer vitamin C concentrations 
before and after surgery were included into the meta-analysis. The meta-analysis comprised of 
eight studies. 
Results: Seven studies (which included eight individual studies) were included into our meta-
analysis. Combined data from the meta-analysis displayed a significant depletion in mean 
leukocyte vitamin C concentrations during the first 24 hours following the surgery by a mean 
of 5.37 µg/108 (32.3%) (CI = -6.35, -4.40) (n = 6, p < 0.001) and during the first post-operative 
week by 4.43 µg/108 (23%) (-7.27, -1.58) (n = 7, p < 0.001). However, this depletion was followed 
by an uprise in mean ascorbic acid leukocyte concentrations of 0.93 µg/108 (4.8%) (-0.79, 2.66) 
(n = 6, p = 0.29) at 7 days (or beyond) post-operatively. 
Conclusion: Significant post-operative leukocyte vitamin C depletions were particularly observed 
during the first post-operative week. Further research is required to validate the observed 
results and to determine whether the observed depletions may be linked to compromised 
immunological function and pathophysiologies that arise during the post-operative period.  
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Introduction 
Vitamin C, otherwise known as ascorbic acid, is an 
essential micronutrient for a range of biological processes.1 
The vitamin’s functions have been studied extensively, with 
both animal and human studies highlighting its pivotal 
involvement in immune function.2 Indeed, vitamin C 
can stimulate the production3  and support the optimal 
function2,4  of  leukocytes (white blood cells), particularly 
neutrophils, lymphocytes, and phagocytes. 
Specific leukocyte vitamin C functions include cellular 
motility,2 chemotaxis5 and phagocytosis. These functions 
are mediated by the vitamin’s ability to enhance neutrophil 
movement in response to chemoattractants (chemotaxis), 
enhance the phagocytosis of microbes and stimulate the 

production of reactive oxygen species (ROS) for the 
destruction of microbes.2 Phagocytic leukocytes also 
produce and release  antiviral interferons, which are 
augmented in response to vitamin C exposure (in vitro).2 
Moreover, it has been proposed that vitamin C is involved 
in the potential proliferation and differentiation of B and 
T-lymphocytes.3

The protective antioxidant properties of vitamin C 
largely support leukocytes.2 The accumulation of large 
concentrations of vitamin C into neutrophils, particularly 
following an oxidative burst, is thought to protect 
neutrophils.6 Based on animal models, vitamin C can 
diminish both oxidant generation and pro-inflammatory 
transcription factor nuclear factor кB (NFкB) activation 
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in neutrophils.7 Vitamin C has also shown the ability to 
attenuate IL-4 secretion and augment IFN-γ secretion.8 
Moreover, vitamin C may attenuate the activation of 
microglia, consequently reducing the synthesis of pro-
inflammatory cytokines.9  

Additionally, lymphocyte ascorbic acid concentrations 
have demonstrated a strong association with lymphocyte 
glutathione,10 a potent antioxidant with central roles in the 
defence against free radicals and oxidants. A synergistic 
relationship has also been observed between ascorbic 
acid and lymphocyte glutathione, with ascorbic acid 
demonstrating the capacity to convert the oxidized free 
radical of glutathione back into its reduced form within 
lymphocytes.10  

States of vitamin C deficiency may compromise the 
ability of leukocytes to exert their functions optimally. 
This has been exemplified with impaired phagocytosis 
and/or ROS production in neutrophils amongst vitamin C 
deficient species.11 It has been postulated that the vitamin 
C deficiency observed in patients with severe infections 
may contribute to compromised neutrophil chemotactic 
ability,12 decreased ability to destroy microbes and generate 
ROS.11 Possible links have also been established between 
vitamin C deficiency and neutrophil necrotic cell death 
and attenuated neutrophil apoptosis.13 Further studies 
have found possible links between vitamin C deficiency 
and elevated production of pro-inflammatory cytokines 
(TNF-α and IL-1α/β), and decreased production of an 
anti-viral cytokine (IFN-α/β).14 

The pharmacokinetics of leukocyte vitamin C are 
indicative of the vitamin’s importance in leukocyte 
functionality. Leukocytes, namely neutrophils and 
monocytes, accumulate vitamin C concentrations that are 
50 - 100 fold of those found in plasma.15 As such, neutrophils 
contain intracellular levels of at least 1 mM.16 Neutrophils 
can further increase their intracellular concentration 
of vitamin C by absorbing the vitamin’s oxidized form 
(dehydroascorbate-DHAA).6 DHAA is rapidly reduced to 
ascorbate intracellularly, increasing levels to as much as 
10 mM.17 Levels below 20 µg/108 leukocyte18,19 have been 
identified to represent deficient concentrations. 

Given the inability of humans to biosynthesise vitamin 
C, and the molecules water-soluble nature, a number of 
situations and conditions can influence its deficiency. 
Additionally, lower mean vitamin C status is present 
amongst free-living or institutionalized elderly people, 
who demonstrate reductions in leukocyte vitamin C 
concentrations.20 Hospitalized patients are particularly 
vulnerable to deficient vitamin C concentrations that are 
significantly lower from the general population.21, 22 

Surgical trauma has been demonstrated to have an 
immense impact on immunological function. During the 
surgical acute phase period, the peripheral  white blood 
cell  count can double within hours  after trauma as a 
result of the large bone marrow storage and intravascular 
marginated pools of neutrophils.23 Leukocytosis occurs with 
the purpose of initiating an inflammatory response that 

ultimately clears the injured cells/debris or kills invading 
pathogens and stabilises tissue function.24 Conversely, a 
compensatory anti-inflammatory immune response is an 
adaptive mechanism involving acquired immunity, which 
may lead to eventual post-surgical immunosuppression.25 
These changes may be due to the activation and partial 
degranulation of circulating neutrophils,26 lymphocyte 
depression, and monocyte deactivation.27

Due to multiple mechanisms, surgery has been shown 
to systematically initiate a significant reduction in 
plasma vitamin C concentrations.28,29 However, given 
the importance of vitamin C in the optimal function 
of leukocytes, it is imperative to determine the effects 
of surgery on leukocyte vitamin C concentrations. A 
review has not systematically assessed post-operative 
vitamin C leukocyte concentrations and compared 
them with pre-operative concentrations. The aim of this 
review was to systematically assess the amount of post-
operative leukocyte vitamin C change based on previous 
investigations. 

Methods 
Literature search
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA 2020) were used in this review. 
We searched the PubMed, Scopus, SciSearch and the 
Cochrane Library for publications from inception until 
January 2022. Keywords related to vitamin C (“vitamin 
C” OR “ascorbate” OR “ascorbic acid” OR “antioxidant”) 
and white blood cells (“buffy layer” OR “buffy coat” OR 
“leukocyte” OR “white blood cell”) and surgery (“surgery” 
OR “surgical trauma” OR “post-operative”). We also 
searched for references published in relevant papers. 
Reference lists of previously published systematic reviews 
and meta-analyses were examined for additional primary 
studies. Table 1 outlines the PICOS criteria utilised for the 
literature search. 

Study selection
In the systematic review and meta-analysis, we included 
studies that incorporated prospective pre-post designs 
or single group pre-post designs. In addition, placebo 
controlled groups derived from placebo controlled trials 
who were not exposed to vitamin C interventions. These 
studies were required to assess leukocyte/buffy layer 
vitamin C concentrations pre and post operatively, with 

Table 1. PICOS criteria for inclusion and exclusion of studies.

PICOS Description 

Population Adult humans (healthy or chronic
disease populations)

Intervention Surgery exposure 

Comparator Pre and post-operative leukocyte/buffy 
layer vitamin C concentrations 

Outcome Measure Leukocyte/buffy layer vitamin C concen-
trations

Setting Hospital while in-patient 
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at least 1 post-operative measurement. Studies were 
not excluded based on the timing of the post-operative 
vitamin C assessment and were only considered if pre-
operative assessments were taken within 1 week of surgery 
commencement. Studies only performed on adults and 
published in English were included. Case-reports and grey 
literature (i.e. conference proceedings, dissertations) were 
not considered for inclusion. 

Studies in which the placebo intervention contained a 
vitamin C source, or a source that could influence leukocyte 
vitamin C concentrations directly were avoided from 
analysis. Additionally, given the established effects of blood 
transfusions on leukocyte vitamin C concentrations,30 
study groups which were reportedly subjected to receiving 
blood transfusions during the surgical procedures were not 
included into the meta analysis. This was done to ensure no 
interference from pre and post-operative interventions or 
transfusions on leukocyte concentrations, and to evaluate 
the influence of surgery itself on leukocyte concentrations. 

Only studies reporting mean leukocyte/buffy layer 
vitamin C concentrations and standard deviations were 
appropriate for meta-analysis. If considered potentially 
eligible, the full-text publication was retrieved and 
reviewed by two authors independently. 

Data extraction 
The number of participants, mean leukocyte vitamin C 
concentrations along with their variance (SD) prior to and 
following surgery were collated from text, tables or figures. 
Data extraction was done for the following parameters: 
study design, sample size, mean/median age, timing of 
perioperative vitamin C measurement, mean leukocyte 
vitamin C concentrations, percentage of change (relative to 
baseline) in leukocyte vitamin C concentrations and type 
of surgery. 

Quality assessment/Risk of bias 
Methodological quality was assessed independently 
by two investigators (NT and KR) using The Risk of 
Bias Assessment tool for Non-Randomized Studies 
(RoBANS).31 This tool was used to assess study bias 
in a recent review that assessed post-operative plasma 
vitamin C following surgery.28 This tool was selected due 
to leukocyte concentrations being prospectively assessed 
without participants being randomised to surgical 
exposure. The RoBANS assessed a number of domains, 
which included: selection of participants, confounding 
variables, incomplete outcome data, selective outcome 
reporting and the addition of other bias. One additional 
assessment domain relating to blinding was not applicable 
to the included studies. The tool categorised a possible 
risk of bias into “Low,” “Unclear,” or “High” measures, not 
relying on numerical scores. 

Statistical analysis
Mean leukocyte vitamin C concentrations before and after 
surgery, standard deviation and n (number of participants) 

formed the meta-analysis using Review Manager version 
5.3.32 To calculate differences between pre and post-
operative concentration, mean leukocyte concentrations 
were extracted. In order to achieve standardised 
concentrations for comparison between studies, vitamin 
C concentrations were converted into micrograms per 
108 leukocytes (µg/108). Standard error of the mean was 
converted into standard deviation values. A number of 
studies reported buffy layer/coat vitamin C concentrations. 
Given the main buffy coat constituents include both 
leukocytes and platelets, the leukocyte ascorbic acid 
concentration from the buffy layer was estimated by 
adopting a method devised by Gibson et al.33

Studies were sub grouped into those that assessed 
leukocyte vitamin C concentrations within the first 
post-operative day (immediate 24-hour assessment), 
those that assessed leukocyte vitamin C within the first 
post-operative week (days 2-6) and those that assessed 
leukocyte vitamin C concentrations at or beyond the first 
post-operative week (≥7 days). Studies were grouped into 
these separate post-operative time frames as a means of 
identifying any patterns in concentration changes within 
the post-operative period. Furthermore, the first post-
operative week is indicative of the most severe acute phase 
stress response,29,34 while concentrations measured 7 days 
following surgery are more indicative of long term surgical 
consequences. A number of studies had data points that 
fell into multiple sub groups.  

A random model, which allows for differences in the 
treatment effect from study to study, sampling variability 
and high heterogeneity between studies (I2 statistic >50%) 
was applied for each meta-analysis.35 The overall effect 
sizes examined the significance of the differences between 
means. A p-value of < 0.05 was deemed statistically 
significant. Potential publication bias was investigated 
by use of Egger’s regression asymmetry test,36 which was 
conducted using STATA software, version 16.0 (STATA 
corp.). A non-significant Egger’s test (>0.05) was indicative 
of no publication bias. 

Results
In total, seven studies (that included eight studies) that 
investigated changes to leukocyte vitamin C concentrations 
following surgery met the inclusion criteria for meta-
analysis.20,30,37-41 The study screening and selection process 
is summarized in Figure 1. Major characteristics of the 
studies included into the meta-analysis are presented in 
Table 2. 

From the included studies, 263 patients were recruited 
and had their leukocyte vitamin C concentrations assessed 
pre and post operatively, with no reports of attrition rates. 
From the included studies, ages ranged from 18-80yrs, with 
five studies reporting a mean age below 60 years. Mean pre-
operative vitamin C concentrations varied between studies, 
with a majority of studies20,30,37,40 reporting deficient (20 
µg/108 leukocyte)18 ascorbic acid concentrations prior to 
surgery. All studies reported on the biochemical protocol 
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Figure 1. PRISMA flow diagram of the literature search process.

Figure 2. Risk of bias assessment of studies included in meta-analysis, yellow circle (question mark = unclear bias, green circle (plus 
sign) = low risk of bias.
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Table 2. Characteristics of studies included into meta-analysis.

Study Year Sample Size       
Enrolled

Mean Age 
± SD Surgery type Study Deign Longest post-

op measure
Pre-op mean ± SD 

( ug/108)
Post-op mean ± SD 

(ug/108)
Percentage 
change (%)

Louw et al.37, 
(males) 1992 12 31.5 ± 3.0 Uncomplicated 

orthopaedic surgery
Single group pre-

post 7 days 19.5 ± 2.4 
Day 2: 11.6 ± 1.4 40.5 
Day 7: 22.4 ± 3.4 14.9 

Louw et al.37, 
(females) 1992 14 38.8 ± 3.2 Uncomplicated 

orthopaedic surgery
Single group pre-

post 7 days 18.7 ± 2.3 
Day 2: 12.8 ± 1.1 31.6 
Day 7: 20.4 ± 1.8 9.09

Irvin (study 1) 
minor surgery39 1982 30 49.5 ± 3

Minor surgery (operations 
for varicose veins/groin 

hernia)

Single group pre-
post 1 day 29 ± 16.4 Day 1: 19 ± 10.9 34.5 

Irvin (study 1) 
moderate surgery39 1982 8 53.5 ± 5.6 Moderate surgery (surgery 

for gall stone or vagotomy)
Single group pre-

post 10 days 28.5 ± 12.7 
Day 1: 17 ± 11.3 40.4
Day 4: 21 ± 8.5 26.3 

Day 10: 23 ± 8.5 19.3 

Irvin (study 2)39 1982 10 62.2 ± 5.1 Major surgery Single group pre-
post 10 days 15 ± 7.9 

Day 1: 10 ± 6.3 33.3
Day 4: 8 ± 6.3 46.7

Day 10: 9.5 ± 6.3 36.7

Taylor et al.38 1979 23 >70 General surgery 
Prospective 
randomised 

controlled trial 
9 days 31 ± 7

Day 6: 26 ± 6.5 16.1
Day 9: 36 ± 11 16.1

McGinn et al.30 1976 5 20-34 Elective benign peptic 
ulceration

Single group pre-
post

7 days 14.5 ± 4.5 
Day 1: 8 ± 0.5 44.8

Day 3: 9.5 ± 1.1 34.5
Day 7: 19 ± 3 31.0

Vallance et al.40 1988 37 NA Wide range of surgical 
procedures 

Randomised 
controlled trial 10 days 13.8 ± 3.9 

Day 1: 8.8 ± 1.3 36.2
Day 4: 14.5 ± 4 5.1

Day 10: 14.1 ± 3 2.2

Schorah et al.20 1986 19 37-68 (mean 
= 52)

Gastro-intestinal resection, 
cholecystectomy, selective 

vagotomy

Single group pre-
post 7 days 12 ± 3

Day 1: 6.5 ± 2 45.8
Day 4:12 ± 8 0

Day 7: 10.7 ± 5.2 10.8

Crandon et al.41 1958 105 NA Major surgery Single group pre-
post Immediately 54 ± 35 43 ± 35.8 20.4

NA = Not reported, SD = Standard Deviation, post op = post-operative, µg/108 = microgram per 108

utilised for assessing leukocyte concentrations. According to the hierarchy of evidence,42 
the pre-post nature of the included studies corresponds to level 4 evidence.

Six studies assessed leukocyte vitamin C concentrations within the first 24 hours post-

surgery, six assessed concentrations within 2 and 6 post-operative days and seven assessed 
concentrations post-operatively at 7 days or beyond. One study separated mean pre and 
post-operative leukocyte concentrations between gender groups.37
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Surgery type varied between studies, ranging from 
bariatric and gastrointestinal surgery, to surgery for 
varicose veins, groin hernia, orthopaedic surgery, and 
elective benign peptic ulceration. A number of studies 
included multiple surgery types that were categorized 
broadly (i.e. major surgery, general surgery). One study39 
separated surgery types into either minor or moderate 
surgery based on the degree of surgical trauma. 

Based on the Cochrane Collaboration Risk of Bias 
Assessment Tool (Figure 2), the quality of the included 
studies ranged from medium to high. A majority of 
studies had an unclear risk of bias for the confounding 
variable domain. This was due to these studies not 
reporting on a number of potential confounding 
variables that may influence leukocyte vitamin C 
concentrations prior to surgery and during the post-
operative period. These include variables such as dietary 
intake (particularly vitamin C containing foods), 
medication intake, supplementation, and smoking/
alcohol consumption. Similarly, the domain measuring 
exposure was unclear for a majority of included studies 
due to lack of information regarding the anaesthetic 
type and duration, and specific surgical details such as 
surgery length. 

Findings from meta-analyses assessing mean leukocyte 
vitamin C concentrations throughout the first post-
operative day are displayed in Figure 3. Overall, there 
was no evidence of publication bias in either of the meta-
analyses (Egger’s test p >0.05). 

The meta-analysis of six trial arms involving 184 patients 
assessed the effect of surgery on leukocyte vitamin C 
concentrations during the initial post-operative 24 hours 
(subgroup 1.1.1, Figure 3). Mean difference (95% CI) 
between pre and post-operative leukocyte vitamin C 
concentration was -5.37 µg/108 (32.3%) (-6.35, -4.40) (p 
< 0.001). Low heterogeneity was observed between these 
trials (I2 = 0%, p = 0.70). 

The meta-analysis of eight trial arms involving 128 
patients assessed the effect of surgery on leukocyte 
vitamin C concentrations between post-operative days 
two and six (subgroup 1.1.2). Surgery also significantly 
decreased leukocyte vitamin C concentrations during 
the first post-operative week (2-6 days post-operatively). 
Mean difference (95% CI) between pre-operative and 
post-operative leukocyte concentration was -4.43 µg/108 
(23%) (-7.27, -1.58) (p < 0.001). Higher heterogeneity was 
displayed between these trials (I2 = 89%, p < 0.001). 

Figure 3. Meta-analyses comparing pre-operative leukocyte vitamin C concentrations with post-operative concentrations at time points. 
Diamond represents overall effect size of the meta-analysis. Boxes represent mean differences in concentrations and lines across the 
boxes represent respective 95% CI, Vit = vitamin, Con = concentration



Surgery and Leukocyte Vitamin C

  Pharmaceutical Sciences, 2022, 28(4), 496-505   | 502

The meta-analysis of eight trial arms involving 150 
patients assessed the effect of surgery on leukocyte 
vitamin C concentrations at 7 days (or beyond) post-
operatively (subgroup 1.1.3). The pooled data from studies 
assessing mean leukocyte vitamin C concentrations at 
7 days or beyond post-surgery demonstrate a marginal, 
non-significant increase in mean leukocyte vitamin C 
concentrations. The mean difference between pre-operative 
and post-operative leukocyte vitamin C concentration 
was 0.93 µg/108 (4.8%) (-0.79, 2.66) (p = 0.29). High 
heterogeneity was observed between these trials (I2 = 60%, 
p = 0.01).

Discussion 
This meta-analysis was performed to pool the data from 
previous investigations assessing the effects of surgery on 
leukocyte vitamin C concentrations. Our meta-analysis 
revealed a significant depletion of 5.37 µg/108 (36.3%) 
(CI = -6.35, -4.40) (p < 0.001) in leukocyte vitamin C 
concentrations during the first 24 hours following surgery. 
A significant depletion of 4.43 µg/108 (23%) (-7.27, -1.58) 
(p < 0.001) was also observed during 2-6 days post-
operatively. However, this depletion may be predominantly 
confined to the first post-operative week, with results 
demonstrating a marginal uprise in mean vitamin C 
leukocyte concentrations of 0.93 µg/108 (4.8%) (-0.79, 
2.66) (p = 0.29) at 7 days or beyond post-operatively.
This is the first meta-analysis to examine the effects of 
surgery on mean leukocyte vitamin C concentrations. 
Cellular immunity can be compromised for 3-10 days 
post-operatively following major surgery.43 This timeframe 
is consistent with the compromised vitamin C leukocyte 
concentrations post-operatively. 

A number of multifactorial explanations may account 
for our observed results. One proposed explanation for 
the depletions in leukocyte vitamin C concentrations is 
the redistribution of plasma vitamin C into leukocytes. 
Given the proliferation in leukocyte numbers following 
surgery, the plasma concentrations are distributed into a 
larger number of newly secreted cells, which may result in 
a depletion in both plasma and leukocyte concentrations 
during the leukocytosis phase.44 Immature neutrophils 
have decreased functionality compared to differentiated 
neutrophils.45 As a consequence, leukocytes may display 
a higher affinity for the absorption of circulating ascorbic 
acid to support leukocyte functionality, and the recycling 
of intracellular vitamin E and glutathione.46,47 

An uprise in oxidative stress is common following surgical 
trauma.48 Consequently, the generation of post-operative 
ROS may further utilise ascorbic acid, particularly during 
the immediate post-operative phase. Moreover, it has been 
shown that the adrenal and pituitary glands utilize ascorbic 
acid in response to a major stressor,49 which may affect 
leukocyte concentrations. 

Post-operatively, there is a change in the types of leukocytes 
present, which may affect measured leukocyte ascorbic acid 
concentrations. The post-operative leukocytosis includes 

a predominant increase in polymorphonuclear cells such 
as neutrophils which contain less than double the amount 
of ascorbic acid found within mononuclear cells such as 
lymphocytes.40,50 One of our reviewed studies20 found 
increases in polymorphonuclear cell counts and decreases 
in mononuclear counts during the immediate post-
operative phase, with a rise in mononuclear cell counts by 
the 7th post-operative day. 

An alternative explanation for the observed results 
may be due to alterations in absorption. Depending 
on the level of oxidative stress and inflammation, the 
absorption of ascorbic acid into leukocytes may be 
compromised. Research has speculated a compromised 
sodium dependant vitamin C transporter (SVCT2) plasma 
membrane translocation and consequential ascorbic acid 
cellular uptake during severe oxidative stress.51

A number of limitations can be derived from the present 
meta-analysis. The protocol of the present review was not 
pre-registered, preventing initial feedback of the review. 
However, we have adhered to a review method that has 
enabled the successful identification of the relevant studies 
that match the review’s inclusion criteria, and have avoided 
the potential duplication of this review. A large number of 
the reviewed studies were based on single group pre-post 
designs. A common flaw of these designs is the absence of 
a control group and the potential influence of extraneous 
factors on outcomes.52 Therefore, only an association can 
be conferred between surgery and leukocyte vitamin C 
concentrations in this case. This study design and level of 
evidence can be strengthened with future studies including 
multiple post-operative data collection points and a control 
group.  

A majority of included studies failed to assess a 
number of variables known to influence vitamin C status, 
such as vitamin C intake, supplementation, smoking 
status, alcohol consumption and medication intake.53 
Additionally, surgical details such as the length of surgery, 
or surgical complications were not reported. One of our 
included studies suggested that post-operative changes in 
leukocyte concentrations were unrelated to the extent of 
surgical trauma.39 The type of administered anaesthetic 
may also effect leukocyte concentrations. Total intravenous 
anaesthesia with propofol and remifentanil has shown 
to affect blood neutrophil/leukocyte ratios diversely to 
inhalational anaesthesia with sevoflurane.54 Moreover, 
commonly prescribed post-operative medications 
such as blood thinners and anti-inflammatories may 
affect leukocyte concentrations and their vitamin C 
concentrations.55

High heterogeneity was observed between studies 
assessing post-operative concentrations within 2-6 days, 
and 7 days (or beyond) following surgery. This may be 
attributed to a series of factors such as varying surgery 
types and administered anaesthetics, and differences in pre-
operative patient health status, perioperative complications 
or length of hospital stay. Additional investigations should 
also take patient age into consideration in an effort to 
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determine whether the degree of post-operative vitamin C 
change may be influenced by age. 

Future research should consider adopting cell separation 
techniques and assessing vitamin C concentrations in 
separate leukocyte cell fractions including mononuclear 
and polymorphonuclear cells during the post-operative 
period, a phase during which the numbers of these cells 
may vary greatly. In order to gauge a sense of severity and 
longevity of the post-operative inflammatory response, 
future studies should assess changes in inflammatory 
cytokine markers, hepatic complement proteins such 
as C reactive protein, albumin, fibrinogen and markers 
of oxidative stress.56 Vital patient details such as dietary 
intake, supplementation, surgical details, and patient age 
will allow for subgroup analyses to be performed. Finally, 
more up to date, larger scale studies are required for more 
generalizable results to be generated. 

Conclusion 
This preliminary meta-analysis examined the effects of 
surgery on mean leukocyte vitamin C concentrations. 
According to the pooled data, a significant mean leukocyte 
vitamin C depletion following surgery both immediately 
(within 24 hours) and during the first post-operative week 
(2-6 days from surgery) was observed. Results further 
revealed an increase in mean leukocyte concentrations, 
once the 7th post-operative day was reached. Further 
research is required to validate the observed results and 
to determine the mechanisms of action responsible for 
the depletions in leukocyte concentrations. This could 
incentivise future studies to explore whether compromises 
in immune function or commonly observed post-operative 
pathophysiologies may be associated with the significant 
leukocyte vitamin C depletion witnessed during the initial 
post-operative period. 
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