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Table 1 Case reports on vitamin C deficiency and chronic alcohol intake

Reference Country Sex Age Clinical signs

Alcohol 
intake 
(drinks/
day)

Plasma 
vitamin C 
(µmol/L)
(RR 28–70)

Other 
deficiencies

Replacement regimen

Vitamin 
C/day 
(mg) Route Period

Chaudhry 
et al11

England Male 44 Lethargy,FH, 
PH, G

Chronic <3 NS 800 Oral 2 
weeks

Wang and 
Still12

USA Male 65 E, PH, G, CH 10–15 6.82 NS 1000 NS 5 days

500 NS After 5 
days

Léger13 Canada Male 47 Lethargy, E, 
PH

8–10 <10 NS NS Oral NS

Takeshima 
et al14

Japan Male 45 P, G, Oe 13 1.13 Vit B9: 1.3 
ng/mL (RR 
2.4–12.0)
Hb: 58 g/L 
(>135)

1200 Oral 3 
weeks

Gião 
Antunes et 
al15

Portugal Male 40 GH, FH, PO 12 7.95 Vit B9: 2.1 
ng/mL (RR 
2.4–12.0)
Hb: 71 g/L 
(>135)

300 Oral 2 
weeks

100 Oral 1 
month 
after 2 
weeks

Lux-
Battistelli 
and 
Battistelli16

USA Male 54 Lethargy, 
weak, P, GH

Dependent 3.1 NS 1000 Oral 8–10 
weeks

Male 24 Fatigue, weak, 
dyspnoea, Oe

14–28 <3 NS 1000 Oral 12 
weeks

Male 48 FH, unsteady 34 <24 NS 500 Oral 12 
weeks

Bennett et 
al17

USA Male 64 E, GH, 
unsteady 
weight loss

8–10 5.68 Vit B9: 2 ng/mL 
(RR >4.7)
Vit B6: <2 µg/L 
(RR 5–50)

NS Oral NS

CH, corkscrew hairs;E, ecchymoses; FH, follicular hyperkeratosis; G, gingivitis; GH, gingival hypertrophy; Hb, haemoglobin; NS, not specified; 
Oe, oedema; P, petechiae or purpura; PH, perifollicular haemorrhages; PO, periodontitis; RR, reference range; Vit, vitamin.

InTroduCTIon
Vitamin C, an essential water-soluble nutrient 
that cannot be synthesised by humans, has a 
role in numerous biological reactions.1 It is 
necessary for enzymatic reactions and biosyn-
thesis of hormones,2 and protects biomol-
ecules through its antioxidant properties.1 
Critical in the biosynthesis of collagen, it is 
crucial in preserving essential tissue structure 
and function, without which capillary fragility 
develops.1 2

While its biological function has been well 
proven, its therapeutic utility has been well 
contested over the years. The initial hope of a 
positive association between vitamin C status 
and health from several large cohort trials3–5 
was quashed by results from large randomised 

controlled trials (RCTs) that did not find 
significant positive effects of vitamin C supple-
mentation, when mortality or morbidity were 
set as endpoints.6–8 A review by Lykkesfeldt 
and Poulsen9 remarked this to be a result of 
a non-specific approach to examining the 
isolated effect of vitamin C, and lamented a 
lack of subpopulation definition in the trials. 
However, the subsequent shift in the public’s 
and health authorities’ interests has left a 
gaping hole in evidence regarding vitamin C 
replacement.

Chronic alcoholism, on the other hand, 
remains a significant and widespread public 
health issue, whereby a recent global study found 
alcohol to be the seventh leading risk factor for 
death and disability-adjusted life-years.10
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Figure 1 Postulated mechanisms of chronic alcohol intake 
and vitamin C replacement. 1Majumdar et al.22 – – – –, 
Prevents; ETOH, ethanol/alcohol.

There has been no lack of case reports documenting 
florid scurvy in chronic alcoholics,11–17 yet the mechanistic 
links between hypovitaminosis C and chronic alcoholism 
remain postulations based on research from the early 1980s. 
Furthermore, replacement regimens and routes remain far 
from standardised, as evidenced by the varied treatment 
approaches in these reports (table 1).

As such, the present review examines the current and 
past knowledge on vitamin C deficiency and its role in 
chronic alcoholics, evaluates the current guidelines on 
alcohol withdrawal, and provides suggestions and exhor-
tation for future trials. PubMed, MEDLINE and Current 
Contents (1960–2018) were searched using medical 
subject headings and free text with a combination of the 
following terms: vitamin C, vitamin C deficiency, ascorbic 
acid, scurvy, alcohol, chronic alcoholic and alcohol 
withdrawal guidelines. Original articles, contemporary 
reviews, case reports and international guidelines were 
used.

Clinical significance of vitamin C deficiency
The prevalence of hypovitaminosis varies across the world; 
however, it has been observed to be higher in hospitalised 
patients.18 The current definition of optimal vitamin C 
status, while controversial, has been based on a dietary 
intake that results in a plasma concentration of approxi-
mately 70 μmol/L in an otherwise healthy person.19 The 
recommended daily allowance for vitamin C has been 
stated at 75 mg/day for women and 90 mg/day for men 
in the USA19; however, its uptake is highly dose-depen-
dent and varies depending on saturation from daily diet.

Furthermore, the extensive variability of plasma vitamin 
C levels to clinical signs has prompted the definition of 
hypovitaminosis C with arbitrary cut-offs. Severe vitamin 
C deficiency has been proposed to be at a serum level 
of <11 μmol/L,20 while marginal vitamin C deficiency is 
suggested as serum levels of >11 μmol/L to 28 μmol/L.20

Scurvy, the clinical hallmark of severe vitamin C defi-
ciency, is often the red flag that alerts the clinician to 
measure plasma vitamin C levels. It manifests primarily as 
capillary haemorrhages, gingivitis, lassitude and muscle 
weakness.11–17 Apart from scurvy, severe vitamin C defi-
ciency has been shown to increase the relative risk of 
myocardial infarction,5 while marginal vitamin C defi-
ciency has also been shown to be significantly associated 
with all-cause mortality, with weak associations with death 
from cancer.4

Despite the significant progress being made in the 
clinical significance of hypovitaminosis C, little is known 
about its role or replacement in chronic alcoholics.

The case for vitamin C deficiency and alcohol
Excessive alcohol consumption (>80 g/day) has been 
identified as one of the many risk factors for scurvy.18 
This has traditionally been thought to be due to malnu-
trition with poor living conditions, leading to multiple 
nutritional deficiencies, especially vitamin B1 (thiamine) 
deficiency, associated with Wernicke-Korsakoff syndrome, 

and vitamin B3 (niacin) deficiency, associated with 
pellagra.11–17 However, as early as 1978, in a cohort of 35 
patients with alcohol-related illness, Baines21 reported the 
incidence of vitamin C deficiency to be 91%, compared 
with that of vitamin B1 deficiency reported at 31%. Since 
then, studies from the 1980s have shown that hypovita-
minosis C alone is likely to have a significant effect on 
chronic alcohol use and vice versa. However, there has 
since been a lack of follow-up on these key findings that 
may play a significant role in the detoxification or with-
drawal regimen of the chronic alcoholic.

In 1981, Majumdar et al22 found that short-term intra-
venous vitamin C supplementation (500 mg mane for 
5 days) in chronic alcoholics with hypovitaminosis C 
improved serum levels of vitamin C significantly, but in 16 
of 25 patients they did not return to normal ranges. This 
was consistent with previous studies, where it took up to 
3 months of oral vitamin C supplementation for blood 
levels to return to normal in chronic alcoholics.23

Thus, Majumdar and colleagues22 postulated that 
ethanol-induced enterocyte toxicity induces intestinal 
malabsorption of vitamins, while ethanol-induced hepa-
totoxicity results in insufficient hepatic transformation 
of many vitamins to their active metabolites22 (figure 1). 
They also suggested that vitamin C may be protective 
against toxic effects of acetaldehyde, as proven in animal 
studies.24 This may reduce hepatotoxicity and possibly 
the biochemical basis of addiction, given acetaldehyde’s 
action in dopaminergic stimulation of opiate receptors in 
the brain.22 However, given the low number of patients 
(n=25) in their study, the likelihood of insufficient power, 
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Figure 2 Study findings of acute alcohol intake and vitamin 
C. 1Faizallah et al.26 2Susick and Zannoni.27 ETOH, ethanol/
alcohol.

and therefore a false-negative finding, was high, requiring 
further large trials to confirm such results.

Since then, research looking at isolated vitamin C 
replacement in chronic alcoholism has been sporadic, 
barring a recent breakthrough showing decreased 
vitamin C uptake in pancreatic acinar cells of chronic 
alcoholics.25

The relationship between acute alcohol consumption 
and vitamin C deficiency has received more interest 
during the same time period (figure 2). Alcohol consump-
tion of up to 0.58 g ethanol/kg of body weight as whisky/
lager was shown, in 1986, to produce a 47% increase in 
urinary ascorbic acid excretion, compared with controls 
who drank nothing.26 Thereafter, a robust study by Susick 
and Zannoni27 in 1987 showed that vitamin C pretreat-
ment (5 g daily for 2 weeks) significantly enhanced 
blood ethanol clearance, suggesting a contributory role 
of vitamin C to ethanol oxidation. These findings were 
bolstered by Chen et al28 in 1990 showing significantly 
increased plasma alcohol clearance following both short-
term and long-term vitamin C pretreatment.

Susick and Zannoni’s27 study also looked at behavioural 
measures, finding that pretreatment resulted in signifi-
cantly less ethanol-induced impairment of motor coordi-
nation and colour discrimination by >20%, as compared 
with placebo.27 These findings support a neurochemical 
role for the vitamin, as previously suggested by Majumdar 
et al.22

While these studies were important, the populations 
looked at were healthy, unlike those of chronic alcohol 
use.

Present-day guidelines and attitudes
Given the strong bidirectional, and possibly thera-
peutic, link between vitamin C treatment and alcohol 

consumption, one would have expected a push for trials 
looking at vitamin C supplementation in chronic alco-
holics. However, to date, vitamin C supplementation has 
only been proven to ameliorate ethanol-induced hepa-
totoxicity in mice,29 not humans, while RCTs, as stated 
above,6–8 have not looked into the at-risk subpopulation 
of chronic alcoholic use. This is manifested in the pres-
ent-day guidelines on alcohol withdrawal which provide 
scant instruction on vitamin C supplementation regimen 
or route (table 2).

The WHO guidelines for withdrawal state in a single 
line ‘Multivitamin supplements and particularly vitamin 
B1 (thiamine) supplements (at least 100 mg daily during 
withdrawal) should also be provided’,30 while yet another 
international guideline, published in 2017 by the World 
Federation of Societies of Biological Psychiatry, makes 
mention of the state of hypovitaminosis in the alcoholic, 
but none to vitamin C or its replacement.31

Guidelines from multiple task forces across the United 
States of America (USA) make no mention at all of vitamin 
C replacement despite a known ‘state of hypovitaminosis’ 
in alcoholics,32 33 while Australian guidelines provide 
brief instruction, such as ‘oral multivitamin preparation 
can be given to nutritionally depleted patients for several 
days’; however, there is no graded recommendation nor 
evaluation of the evidence.34 35

While in the United Kingdom (UK), although national 
guidelines do not address hypovitaminosis C,36 local 
guidelines of various National Health Service Foundation 
Trusts37–39 both identify hypovitaminosis and specifically 
mention intravenous replacement of vitamin B and C 
acutely, although in the setting of Wernicke’s encepha-
lopathy. Encouragingly, they mention parenteral vitamin 
supplementation acutely, followed by oral supplementa-
tion. The lack of specificity, however, given that vitamin 
C is delivered adjunctively in an ampoule combined with 
vitamin B, makes it difficult to investigate the isolated 
therapeutic value of vitamin C replacement.

Given the lack of evidence, promising RCT findings 
or even trials regarding vitamin C supplementation in 
chronic alcoholics, it comes as no surprise that major 
guidelines to date have not looked beyond the specifics 
of vitamin B1 and B12 replacement regimens. It seems the 
once-gilded promise of vitamin C’s antioxidant value has 
lost its shine.

Yet it may be judicious to heed recommendations of 
past studies. Majumdar et al,22 on the basis of their find-
ings, advised nearly 40 years ago to include prolonged 
replenishment of vitamin C in conventional detoxifica-
tion therapy for ethanol withdrawal syndrome, preferably 
by the intravenous route, postulating that it is needed for 
the utilisation of other vitamins and nutrients as well.22 
Today, we know this to be true, given that vitamin C, with 
its reducing and chelating properties, is known to be the 
most efficient enhancer of non-haem iron absorption.40

Given the immense therapeutic potential of vitamin 
C replacement and robust evidence from past studies, it 
seems that the current practice gap or guideline omission 
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Table 2 International guidelines on alcohol withdrawal and vitamin C replacement

Country Organisation

Recommendation

Alerts to 
hypovitaminosis

Vitamin C 
replacement Route Dose

Time 
period

International WHO30 + – – – –

World Federation of Societies of 
Biological Psychiatry31

+ – – – –

USA American Psychiatric Association32 − – – – –

Substance Abuse and Mental Health 
Services33

+ Multivitamin Intravenous NS NS

Australia Australian Government, Department of 
Health and Ageing34

+ Multivitamin Oral Daily NS

Government of South Australia, SA 
Health35

+ Multivitamin NS NS NS

UK National Institute for Health and Care 
Excellence36

− – – – –

Southern Health, NHS Foundation 
Trust37

+ Vitamins B and 
C*

Intramuscular 1 Amp daily 5 days

Multivitamin Oral 1 Tab daily 6 weeks

Guy’s and St Thomas’, NHS Foundation 
Trust38

+ Vitamins B and 
C*

Intravenous 1–2 Amp three 
times a day

7 days

NHS Grampian39 + Vitamins B and 
C*

Intravenous 1–2 Amp three 
times a day

5 days

Oral 500 mg NS

*Given as Pabrinex injection.
(+), present; (-), absent;Amp, ampoule (5 mL each); NS, not specified; Tab, tablet.

may stem from a non-targeted approach to the subpopu-
lation of chronic alcoholics.

difficulties faced in populations with chronic alcohol use and 
recommendations for future studies
There are multiple complexities faced when designing 
trials and studies for chronic alcoholics. Malnutrition, and 
its subsequent polyvitamin deficiency, is rampant in popu-
lations of chronic alcohol use,22 making it challenging to 
confer directionality to mechanistic hypotheses or isolate 
the effect of an intervention due to a single substance.

Given the association of inflammation and vitamin 
C deficiency, due to an increased tissue expenditure of 
nutrients,18 the systemic inflammatory response seen in 
chronic alcoholics with liver cirrhosis only adds another 
layer of complexity to any analysis. The subsequent loss 
of liver synthetic function also confers difficulty in inter-
preting whether clinical signs, such as widespread ecchy-
moses, are a result of a lack of vitamin C or coagulation 
factors, or both.11–17 In addition, progressive muscle weak-
ness and gait unsteadiness in scurvy can mimic ethanol-in-
duced cerebellar toxicity.

There also remain conflicting views concerning the 
necessity of vitamin C supplementation. A recent review by 
Flannery et al,41 on the management of alcohol-associated 
vitamin and electrolyte deficiencies, suggested providing 
routine supplementation of high-dose thiamine, magne-
sium sulfate and folic acid. They did not, however, recom-
mend routine supplementation with vitamin C, citing a 

lack of published data investigating the efficacy or safety 
of the acute use of multivitamin injection in patients 
with possible alcohol withdrawal. Despite this, they did 
remark that ‘this lack of data does not necessarily negate 
the potential benefits of intravenous multivitamin in the 
acute setting’.41

After reviewing 35 RCTs with vitamin C as an inter-
vention, Lykkesfeldt and Poulsen9 made the following 
suggestions for study parameters: hypovitaminosis C as 
an entry-level inclusion, verification of vitamin C levels at 
entry and during the study by a validated method, adjust-
ment for confounders, a valid hypothesis or molecular 
mechanism involving vitamin C or mechanism-related 
hard clinical endpoint as a primary outcome, and explicit 
exclusion criteria.9

Targeting a subpopulation of chronic alcoholics, we 
suggest stratification of the quantity of alcohol intake 
and classification of severity of alcoholic liver disease, 
and adjusting for smoking status, socioeconomic status, 
dietary intake, quality of life, cognitive assessment, 
depression scale and acute illness, as vitamin C deficiency 
has been associated with these parameters.11–17

We suggest instituting vitamin C replacement intrave-
nously with a specified regimen. This may be difficult to 
justify given the current lack of evidence for intravenous 
replacement, while juggling known risks, such as cannula 
site infection and hyperoxaluria, one of the side effects of 
high-dose vitamin C replacement.42
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We therefore hope this review will serve as a call for more 
research, in particular for future RCTs to be designed with 
an inclusion criterion of hypovitaminosis C in a popula-
tion affected by chronic alcohol use. The endpoints of 
such trials should include haematological, dermatolog-
ical and hepatological clinical and laboratory measures 
(table 1) as surrogate markers for primary or secondary 
outcomes. This would provide the necessary evidence to 
further explore the optimal route and regimen of vitamin 
C replacement. Additionally, more observational studies 
are needed to evaluate the risk factors for hypovitamin-
osis C and its likelihood in patients of chronic alcohol 
exposure.

ConClusIon
In conclusion, we have found a significant absence in the 
literature and published guidelines concerning vitamin 
C deficiency and chronic alcoholics. Given the substan-
tial public health burden of chronic alcoholism, and the 
relatively inexpensive means of vitamin C replacement, 
we would like to call for an urgent response to the ‘dire 
need to examine the effect of vitamin C as a single supple-
ment in populations which have been carefully defined’, 
as Lykkesfeldt and Poulsen9 so aptly adjudged.9 There is 
a need to build on, and to not forget, the insightful and 
robust evidence from the 1980s–1990s when developing 
trials and studies exploring the replacement of vitamin C 
deficiency in the chronic alcoholic, in order to review and 
further bolster current guidelines.
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