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Vitamin C Dosage in Health
and Disease

Danboyi Timothy, Jimoh Abdulazeez, Hassan-Danboyi Evelyn
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Abstract

The dosage of any compound determines its efficacy in therapy and/or prevention
of any disease. Such is also true about vitamin C. Unlike most other vitamins, L-ascorbic
acid seldom leads to toxicity or an overdose. It is well-tolerated at extremely high dosages
with little or no side effect. Vitamin C at different doses can act as either an antioxidant
or a pro-oxidant. Either way, it is therapeutic in several conditions. In this chapter, we
consider the appropriate doses used under normal conditions, for the maintenance of
healthy state. The recommended daily allowances of vitamin C vary from country to
country, and different organizations have varying values. Therefore, we look at some
of the factors responsible for these variations and those that determine the efficacy of
ascorbic acid at different doses. We also explore the different dosages used in several
randomized controlled clinical trials for either treatment or prevention of certain disease
conditions. The high dose used in disease conditions is to first replenish the depleted
stores before improving the health status of the patients.

Keywords: disease, dosage, recommended daily allowance, high-dose, health,
low-dose, vitamin C

1. Introduction

There are two forms of vitamin C, the L-ascorbic acid and dehydroascorbic acid.
Unlike most animals and plants, humans cannot synthesize this ubiquitous vitamin
due to the defective gene encoding for L-gulonolactone oxidase, the catalyst for the
final step of vitamin C synthesis [1]. Vitamin C is widely known for its role in preven-
tion of scurvy, the Latin name for “scorbutus” [2], as well as the origin of the word
“ascorbic” [3]. Scurvy is a clinical manifestation of vitamin C deficiency.

Vitamin C serves as a water-soluble vitamin in addition to several other functions,
owing to its ability to donate electrons, and gets reduced to the ascorbic acid radical
in the process [4, 5]. It serves as a co-factor to about 8 enzymes involved in hormonal
synthesis, wound healing, or collagen synthesis as well as immune boosting [5].
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2. Vitamin C dosage in health

The dosage of vitamin C needed for maintenance of normal health is called the
recommended daily allowance (RDA). Australia’s National Health and Medical
Research Council [6] defines it as the “average daily dietary intake level that is suffi-
cient to meet the nutrient requirements of nearly all (97-98%) healthy individuals in
a particular life stage and gender group.” This value is highly variable, depending on
the region, country, or organization concerned [7]. For example, the RDA is 90 mg/
day for men and 75 mg/day for women in the US and Canada; 40-45 mg/day in the
UK, India, and Australia; and 110 mg/day in France, Germany, and other European
countries [7]. As reviewed by Carr and Lykkesfeldt [7], there are various reasons for
these discrepancies ranging from optimization of health (up to 200 mg/day), boost-
ing the immune system, and replacing the daily turnover to prevention of scurvy
(45 mg/day).

2.1 Factors affecting the dosage of vitamin C in health

A number of factors determine the choice of vitamin C dosage. These include age,
gender, pregnancy, lactation, and body mass index. Another very important determi-
nant of the vitamin C RDA is the amount that will sufficiently provide an antioxidant
protection [8].

2.1.1 Smoking status and obesity

Smokers and obese people often need higher RDA (at least 35 mg/day more
than that needed by non-smokers and average weight individuals) to maintain an
optimal health [5, 7]. This is due to the low plasma concentrations of vitamin C
usually seen among these groups of people. For example, a study by Langlois et
al. [9] revealed that 29.2% of smokers compared to 9% of non-smokers and 17%
of obese and 14% of overweight individuals compared to the 5.5% of the general
US population that do not take vitamin C supplement had deficient levels (>28
Umol/L).

The prevalence of vitamin C deficiency can be as high as 15% in the general
population [10], but it doubled among smokers [11]. Oxidative stress and increased
vitamin C turnover associated with smoking are responsible for the low vitamin C
status among smokers [12, 13], but supplementation had been shown to counter such
effects [14, 15].

Several studies in a review by Carr and Lykkesfeldt [7] linked a low vitamin C
status with higher BMI. This is because the response to vitamin C is smaller among
those with higher body weights [16]. The plasma vitamin C concentration as well as
the RDA depend on the body weight of the individual largely [17].

2.1.2 Age and gender

The RDA in the US and Canada among infants is 40-50 mg/day but falls rapidly
to only about 15 mg/day at age 2-3 years before rising to about 75 mg/day in males
and 65 mg/day in females after puberty and reaching its normal value in adults
[5]. The reason behind the high RDA in neonates and infants is probably due to
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the numerous developmental processes they pass through. These processes might
be associated with oxidative stress, requiring some antioxidant boost. Most of the
vitamin C comes from the breast milk of the mother and other highly supplemented
vitamin C-rich food items [8].

Lower vitamin C plasma levels have also been reported among the elderly in
several studies [18-20], thereby increasing the RDA to a higher value in that age
group. The lower doses required in women are attributed to their lower body mass
compared to men [21]. The same reason applies to the difference in RDA between
adults and children [7].

2.1.3 Pregnancy and lactation

The RDA in the US and Canada for pregnant mothers is usually doubled (up to
85 mg/day) and is tripled during lactation [5, 22]. This is probably due to the high
turnover of vitamin C, increasing the need for vitamin C by the developing fetus and
suckling infants and hemodilution in pregnancy [23]. In fact, complications associ-
ated with pregnancy are significantly reduced by vitamin C intake [24]. That is why
the RDA is higher in these groups of people.

2.1.4 Body pool of Vitamin C

Kallner et al. [25] had estimated the total body pool of vitamin C to be 2 mg/100 g
body weight (excluding the amount in cells and tissues). Under normal, non-smoking
conditions, the daily turnover is expected to be replaced continuously by dietary
intake. Hence, as the daily metabolic loss (2.9%) and urinary loss (25%) increases
[7], the RDA also increases to maintain the total body pool. This is the basis for set-
ting the RDA for vitamin C by some important organizations like the World Health
Organization.

Doses of vitamin C > 250 mg/day can increase the body pool to the plasma level
(40-60 pmol) necessary to maintain optimal health [26]. With adequate dietary
intake, vitamin C supplementation above 400 mg/day often reach a saturated level
in which the sodium-dependent vitamin C transporter can no longer permit entry
of more vitamin C into the plasma [26]. This leads to increased renal excretion.
Therefore, the optimal dose needed to saturate the plasma and blood corpuscles
apart from the erythrocytes is 200-400 mg/day [26]. A review by the Nobel Prize
winner Linus Pauling [27] had much earlier suggested 250-4000 mg/day as the daily
intake of vitamin C to make allowance for saturation and restoration of depleted
stores.

3. Vitamin dosage in disease conditions

Several disease conditions worsen vitamin C deficiency especially among hospital-
ized patients [28-30]. Critically ill patients required higher doses (at least 2-3 g/day) of
vitamin C supplementation to restore their normal plasma levels [31, 32]. Much higher
doses improved outcome in burn patients administered infusions at 60 mg/kg/hour
within the first day of admission [33]. Higher doses of vitamin C administration could
be lifesaving in patients with severe illnesses such as sepsis as reviewed by [34].
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The Table 1 below summarizes the different doses of vitamin C in some controlled
trials. Most of the earlier trials used an average dose of 500 mg/day, but the recent trials
are now utilizing much higher doses.

S/N Type of study Sample of Sample Dosage Outcome of trial
participants size used/
day
1 Double-blind Patients with 3640 500 mg Significant odds
randomized age-related macular patients reduction compared
clinical trial (over degeneration and from 11 to placebo [35].
6.3 years) vision loss centers
2 Prospective Post-menopausal 1923 >300 mg Significant increase
cohort study (over diabetic women in CVD disease
15 years) mortality [36]
3 Randomized Male physicians Prostate 500 mg No significant effect
double-blind >50 years old in the cancer: on incidence of total
placebo-controlled US with cancer 1008. cancer or prostate
trial (8 years Total cancer [37]
follow-up) cancer:
1943
4 Randomized Male physicians 1245 men 500 mg No significant effect
double-blind >50 years old in the with CV on CV event and
placebo-controlled US with CV disease events mortality [38]
trial (8 years
follow-up)
5 Randomized Female health 8171 500 mg No significant overall
double-blind professionals benefit in occurrence
placebo-controlled >40 years old in of CV event was
trial (9.4 years the US recorded but slight
follow-up) decrease in stroke
incidence in those on
combined vitamins C
and E [39].
6 RCCT (18 months Patients on first line 200 on 70 mg No significant benefit
follow-up) HAART regimen vitamin in both primary and
C;200 on secondary outcomes
placebo (e.g., CD4 count,
body weight, quality
of life, etc.) was
reported [40].
7 RCCT (45 days Diabetic patients 42 on 1000 mg Significant
follow-up) with high BP vitamin (4 x improvement in both
C; 42 0n 250 mg) systolic and diastolic
placebo BP was noted [41]
8 RCCT (8 weeks Depressed patients 21on 1000 mg No significant
follow-up) on citalopram vitamin benefits in mood [42]
C;22 on
placebo

AREDS: Age-Related Eye Disease Study Research Group; BP: blood pressure; CV: cardiovascular; CVD: cardiovascular
disease; HAART: highly active antivetvovival therapy; RCCT: randomized double-blind controlled clinical trial; US:

United States of America.

Table 1.

Outcomes of vitamin C supplementation at diffevent doses in some studies.
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4. Vitamin C dosages in some disease conditions
4.1Type 2 diabetes (T2D)

Patients with type 2 diabetes received chewable vitamin C tablets (1000 mg/day)
for 45 days in a randomized controlled trial [41]. At the end of the study, there was a
remarkable reduction of both systolic and diastolic blood pressures among the vitamin
C group compared to the placebo group. The mechanism behind is not clearly eluci-
dated. However, other parameters such as hip and waist circumferences, body weights,
and BMI were relatively the same compared to the placebo group.

Although no overall benefit of vitamin C was noted on glucose level and HbAlc
and insulin concentrations in a systematic review and a meta-analysis of RCTs [43],
the blood glucose levels were significantly reduced among diabetic patients on
vitamin C supplementation for a longer duration (>30 days). Nevertheless, the dosage
was not considered in the analysis hence the need to interpret the results carefully.
However, this shows that the duration of supplementation and not necessarily the
dosage may determine the impact of vitamin C on type-2 diabetes.

4.2 Cardiovascular diseases (CVDs)

Vitamin C supplementation generally has no association to CVD risks, especially
among people with normal plasma levels, except among those with deficient vitamin
C levels who have increased risks [5]. However, supplementation among diabetic
women of postmenopausal age demonstrated a conflicting increased CVD risk [36].
The possible reason given for this phenomenon is the imbalance caused by the supple-
mented vitamin C at high dosages, upsetting the antioxidant-pro-oxidant balance [44].
However, this is also debatable as it is common knowledge that CVD risk increases with
increasing age, and postmenopausal women even have higher risk than men.

In a randomized-controlled double-blind placebo-controlled factorial trial involving
14,641 male physicians aged >50 years in the United States [38], about 1245 of them had
at least one cardiovascular event in the space of 8 years follow-up. Vitamin C at a dose of
500 mg/day failed to reduce the risk of such CV events and mortality (Table 1). However,
earlier trials showed the ability of vitamin C at much higher doses (6-7 g/day for 2-3 days)
to restore endothelial function in hypertensive patients [45] and in those with coronary
artery disease or hyperglycemia-induced endothelial dysfunction [46, 47]. Even in normal
individuals without CVDs, arterial wall stiffness and platelet aggregation were amelio-
rated by ingestion of vitamin C at 2 g/day via a yet to be elucidated mechanism [48].

It is therefore important to consider recent trials that will settle this controversy
behind vitamin C supplementation among patients with CVD at both lower and
higher dosages. As a water-soluble antioxidant, vitamin C may play a role in the bio-
availability of nitric oxide (NO) by activating the endothelial NO synthase, thereby
reducing nitrosative stress as well as restoring the endothelial integrity, which is the
underlying mechanism behind conditions such as CVDs.

4.3 Depression

Some patients with depressive disorders on citalopram were involved in a clinical
trial with vitamin C (1000 mg/day) and placebo for 8 weeks [42]. The result showed
no significant benefit in the mood of the patients. In contrast, supplementation
with a higher dosage (3000 mg/day) in earlier studies demonstrated significant
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improvement in mood (reduced Beck’s depression scores) and sexual activity [49],
as well as decreased blood pressure and subjective stress response to social stress
test [50]. Therefore, it is not out of place to postulate that the dosage of vitamin C is
crucial to its effect in depressive disorders.

4.4 Cancer

Vitamin C at a dose of 500 mg/day showed no beneficial effect after 8 years of
supplementation among 1943 male patients with several cancers, including 1008 patients
with prostate cancer in a randomized controlled trial [37]. More recently, vitamin C at
500 mg/day caused some epigenetic changes in patients suffering from myeloid leukemia
[51]. This implies the ability of vitamin C to augment the efficacy of cancer chemotherapy
even at such a low dose. The study also demonstrated restoration of the depleted plasma
concentration of vitamin C in the supplemented group compared to the placebo group.

In an experimental study, high-dose vitamin C showed great efficacy in inhibit-
ing proliferation and inducing apoptosis of various cell lines of breast cancer, and in
combination with anti-cancer agents, the vitamin C administration showed an added
advantage [52]. This was probably due to the ability of vitamin C to augment the cel-
lular catalase level and boost the cells defense response against oxidative damage [52].
Interestingly, the normal breast epithelial cells were spared from these effects. These
effects are due to the epigenetic modulatory role that vitamin C plays in cancer and
other disease conditions [53]. However, the effect of high-dose vitamin C on cancer
is highly controversial as many trials fail to show any anti-cancer effect of high-dose
vitamin C supplementation in a review by Nowak [54].

4.5 Neurodegenerative diseases

Vitamin C intake has proven effective against neuro-degeneration at different doses
in several studies, as reviewed by Harrison [55]. Nevertheless, this is also controversial
as shown in a case-control study involving patients with Parkinson’s disease [56]. In
a countywide study involving 3000 participants over a 7.2-year follow-up period, a
positive correlation was observed between high intake of vitamin C and cognition
even though dosages above 500 mg/day did not give any added benefit [57, 58]. Again,
a cohort study over the same period of 7 years, involving elderly people (61-87 years)
on different combinations of vitamins (including vitamin C) and minerals, showed no
significant correlation with cognition [59]. However, baseline cognitive assessment was
not done as such might have shown a positive correlation.

In mice, vitamin C administration at 250 mg/kg was shown to protect the brain
of mice against reserpine-induced motor [60] and cognitive [61] impairments after
4 weeks of administration. In addition, vitamin C preserved, to some extent, the level
of dopamine in the mouse brain exposed to auto-oxidation by reserpine [62]. Converted
into human equivalent dose, 40.5 mg/kg was obtained [63]. Whether this dosage can
be translated in human research or not, the bottom line is that vitamin C showed great
potential in halting the progression of some of these neurodegenerative diseases.

4.6 Viral diseases including COVID-19

Biancatelli et al. [64] had reported the efficacy of vitamin C at different dosages
against several viral diseases in their review. For example, 50 mg/kg of intravenous
vitamin C were given to about 41 herpes zoster patients on days 1, 3,and 5ina
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double-blind randomized controlled trial [65]. There was a marked reduction in
the pain scale scores of those patients compared to the placebo group. In a similar
randomized controlled trial, involving 87 patients who received a much higher dose
(5 g/day on days 1, 3, and 5), lower pain scale scores and post herpetic neuralgia were
recorded [66]. In a review by Hemila [67], trials that utilized high doses (6-8 g/day)
of vitamin C were associated with significant reduction in duration and severity of
common cold and pneumonia compared to those that used lower doses (3—4 g/day).
In COVID-19, high-dose vitamin C infusion (50 mg/kg 6 hourly for 4-7 days)
could act as a pro-oxidant to the over-reactive, hyper-excited immune cells partici-
pating in the cytokine storm but as an antioxidant to the normal lung parenchymal
cells as well as some of the innate cells, thereby protecting them [68]. This therapy
is often combined with a glucocorticoid to prevent treatment-induced inflamma-
tion. High-dose vitamin C infusion showed significant improvement in the primary
outcomes with reduced mortality and better prognosis among patients with sepsis
and adult respiratory distress syndrome [69]. In a similar but multicenter, prospective
randomized, placebo-controlled trial involving 308 patients with COVID-19, high-
dose vitamin C infusion (24 g/day for 7 days) was initiated and expected to improve
pulmonary functions and other parameters and reduce mortality [70]. Therefore,
extremely high doses of vitamin C should be considered in severe disease conditions.

4.7 Other disease conditions

A randomized factorial clinical trial from 11 centers in the US involving 3640
patients with age-related macular degeneration (AMD) and vision loss due to cataract
was carried out over a follow-up period of 6.3 years [35]. The participants received
antioxidants including vitamin C at a dose of 500 mg/day. The results showed no
significant effect of the antioxidants on both development and progression of the
diseases. However, there was no adverse effect recorded. In addition, the doses used
were lower as compared to other trials. For example, an inverse relationship was
found between the risk of cataract development and vitamin C intake [71, 72], with a
decrease in odds at dosages greater than 102 mg/day [73].

In rare cases, some studies used very high doses of vitamin C. For example, in
a prospective cohort study among 71 patients with confirmed acute and chronic
allergic diseases [74], 7.5 g of vitamin C infusion (2-3 times per week) was given to
the participants over a mean period of 3.2 weeks (acute) or 11.9 weeks (chronic). At
the end of the treatment, there was a significant reduction in both allergy-specific and
non-specific symptoms. The use of such very high doses of vitamin C was due to its
well-known wide safety margin—continuous usage of vitamin C because of oxidative
stress and the need to restore the already depleted pool in the patients. A review by
Carr and McCall [75] revealed that high doses of vitamin C had also been used in the
management of acute and chronic pain syndromes such as cancer and post-herpetic
neuralgia with positive outcomes.

5. Discussion and conclusion

Most interventional studies involving vitamin C supplementation show no
benefit irrespective of the dosage, but deficient plasma levels are associated with
adverse clinical outcomes [5]. This entails that vitamin C supplementation may only
produce a significant effect when there is a deficiency. As demonstrated by Granger
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and Eck [5], a peak plasma concentration (plateau) is reached in a deficient indi-
vidual who is taking vitamin C up to 200-400 mg/day [26].

Due to the wide safety margin of vitamin C and the rapid urinary clearance above
the saturation level, most countries and organizations have set the upper level of
intake to be 1000-2000 mg/day [6, 8], beyond which the risk of adverse side effects
such as gastrointestinal disturbances is increased. Despite the wide margin of safety,
doses above 500 mg/day might increase the likelihood of urinary stones in patients
prone to urolithiasis [76].

It is important to note that most of the interventional studies considered here were
not on vitamin C supplementation alone but on a combination of several vitamins
especially vitamins C and E. However, the two vitamins can interact in a synergistic
manner [77, 78] to potentiate their effects [79] at different dosages. In addition, some
of the estimated doses of vitamin C were from self-reported dietary questionnaires,
which might not be accurate.

Sequeira [80] has reported high doses (>500 mg/kg) of vitamin C, in a review, to
cause increase para-cellular transport of drugs, nutrients, and substances not read-
ily absorbed by the intestines probably via some poorly understood mechanisms.
However, a possible mechanism could be alteration in the architecture of the tight
junctions and the constituted proteins. This could enhance the para-cellular transport
of some molecules of interest.

In conclusion, vitamin C dosage recommended in health is dependent on a number
of factors such as age, gender, body built, smoking status, pregnancy and lactation,
and so on. In disease conditions, the dosage is determined by the type and severity of
the disease based on the need to replenish the depleted or deficient levels. In general,
taking vitamin C supplement doses higher than the recommended doses is highly
encouraged due to the continuous metabolic turnover.
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