
 
 

 

original study [57], Creagan et al. [60] included patients who previously received 

chemotherapy while the study by Moertel et al. [61] included cancer patients with no prior 

chemotherapy. 

Prospective RCTs, like the Physicians’ Health Study II., did not find vitamin C 

supplementation to be effective in the prevention of total cancers, prostate and in other solid 

tumors [62]. No effect of vitamin C supplementation on cancer incidence and mortality was 

seen in another randomized trial, the Women's Antioxidant Cardiovascular Study [63]. A 

metaanalysis by Coulter et al. [64] also concluded that vitamin C provide no prevention of 

cancer.  

For an overview of the oral vitamin C intervention studies related to cancer see Table 

3. 

 

 

Table 3. 

Cancer-related intervention studies of oral vitamin C. 
a patients received IVC therapy for 10 days followed by oral vitamin C 
b besides oral vitamin C some patients received IVC therapy too 
c number of patients in the vitamin C group 

* Number of patients treated with vitamin C 

RCT: randomised controlled trial; NA: not applicable 

 

6.2.2. High dose intravenous vitamin C (IVC) therapy in cancer 
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Vitamin C is known to poorly absorb when administered orally at higher doses: immune cells 

saturate at 100 mg daily, and renal excretion of AA increases above this dose [8]. Therefore, it 

was claimed that blood concentrations of vitamin C in the Mayo Clinic studies [60,61] might 

not have reached a concentration producing the cytotoxic effect to tumor cells seen in in vitro 

studies [65]. With intravenous administration, the tightly regulated absorption and transport of 

vitamin C is bypassed and therefore result in a much (30- to 70-fold) higher than 

physiological blood level of vitamin C [66]. Cytotoxicity of AA to cancer cells was based on 

in vitro studies which suggested that AA in concentrations higher than physiological in the 

extracellular space act as a pro-oxidant and through the formation hydrogen peroxide kill 

cancer cells [67]. However, in a recent study the cytotoxic effect was abolished at 

physiological concentrations of iron which prevented the accumulation of hydrogen peroxide 

[68]. It was suggested that previous studies disregarding in vivo concentration of iron had 

significantly overestimated the anticancer effect of AA [68].   

Currently, no more than a single RCT is available that assessed the effect of IVC 

therapy in cancer patients [69]. This indicated a reduction of chemotherapy induced side 

effects in ovarian cancer patients but no significant effect in terms of survival was found [69]. 

In an uncontrolled study of metastatic pancreatic cancer patients, Monti et al. [70] reported 

minor decrease in the size of the tumor without evidence of prolonged survival. In another 

study, of the 16 patients with solid tumors no one experienced an objective tumor response 

[71]. In a study by Mikirova et al. [72], decreased level of inflammatory markers was seen 

following IVC therapy but no positive effect was reported on disease progression and 

survival. Clearly, no antitumor effect was evident in phase I. clinical trials studies including 

studies by Welsh et al. [73] and Hoffer et al. [74]. Two other clinical group studies by 

Riordan [75] and Yeom et al. [76] did neither provide evidence for an anticancer effect. A 

more recent phase I-II. clinical study by Hoffer et al. [77] reported transient (lasting for 3-13 

months) stable disease in 3 out of the 16 patients in the study. Actually all the existing group 

studies have failed to provide evidence for a benefit in hard clinical endpoints such as 

survival. At the same time, it is important to mention that except for the seminal study of 

Cameron and Pauling [57] all the above IVC studies included patients with prior or 

concurrent chemotherapy. Thus the possibility suggested by Creagan et al. [60] that cancer 

patients with no chemotherapy may benefit more from IVC therapy cannot be entirely 

excluded. 

Currently only case reports are available describing survival benefit following IVC 

therapy [78,17]. Overall, from the available group studies it only seems that high dose IVC 

therapy is relatively safe, reduces chemotherapy induced side effects but provide no benefit in 

terms of hard clinical endpoints including survival in cancer patients also receiving 

chemotherapy.   

For an overview of the IVC studies related to cancer see Table 4. 
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Table 4. 

IVC therapy studies in cancer. Except for a small RCT (Ma et al. 2014) all studies contain 

only a single group. Each study included patients with prior or concurrent chemotherapy. No 

study reported an apparent benefit in terms of survival. 

ICV: intravenous vitamin C; RCT: randomized controlled trial 

 

6.3. Summary of the prospective cohort and intervention studies of vitamin C 

Prospective cohort studies unequivocally found an inverse relation with the blood level of 

vitamin C for mortality, cancer and cardiovascular disease for each of the specific disease 

populations. Two prospective studies [40,45] when assessing males and females separately, 

reported the inverse association in males only. We assume that the absence of an inverse 

association in females may be due to differential habits of males and females in taking 

supplements. Although in the two studies it was not possible to retrieve data on supplement 

use, females are known to be more prone to take vitamin C supplements [20], and thus a 

higher serum level of AA in females may reflect the effect of supplementation which may not 

be preventive. Overall results from prospective studies are in sharp contrast with the 

intervention studies where none of the studies reported a clinically meaningful benefit as 

regards mortality, incidence of common cold, cardiovascular events, and prevention or 

treatment of cancer.     

 

7. The glucose-ascorbate antogonism theory 
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The glucose-ascorbate antagonism (GAA) theory was first proposed by John Ely as early as 

the 1970s [3]. The theory postulates that given the structural similarity between glucose and 

vitamin C, the two molecules compete for same transport system to enter cells [10]. It has 

been shown that cellular uptake of both AA and DHAA may be competitively antagonized by 

elevated glucose levels. Specifically, AA uptake by the small intestine enterocytes was shown 

to be inhibited by elevated glucose concentration [9]. DHAA transport into cells was shown 

to be impaired by high blood glucose concentration in most cell types including adipocytes, 

erythrocytes, granulosa cells, neutrophils, osteoblasts and smooth muscle cells [10]. 

A potential limitation of the GAA theory pertains to the lack of in vivo studies in 

animals and in humans. Diabetes, however, can be regarded as a natural model to study 

interaction between blood glucose and vitamin C in vivo in humans. Studies with diabetic 

patients are in line with the GAA therory. Two studies in type 2 diabetes [79,80] indicated 

that in spite of similar dietary intake of vitamin C, patients have decreased levels of plasma 

AA as compared to normal controls. Furthermore, serum level of AA inversely correlated 

with glucose levels [80] and in another study with glycated hemoglobin of diabetic patients 

[81]. Diabetes is also known to be associated with impaired renal reabsorption of AA [82] 

which likely contributes to the low level of AA in patients. 

Uptake of glucose and DHAA also share the feature of insulin-dependency on the 

GLUT4 glucose transporter primarily found in muscle and adipose tissue [83]. In type 1 

diabetes, deficiency of insulin has been shown to impair DHAA uptake of lymphoblasts [84]. 

Such a decreased DHAA uptake, through impaired AA accumulation, may lead to 

compromized immune system function in type 1 diabetes patients [84]. The effect of glucose 

seems to be immediate on intracellular AA given that intravenous glucose administration 

results in a prompt decrease in the AA concentration of leukocytes [85]. Also consistently 

with the GAA theory, blood level of vitamin C is inversely related with obesity [86] a 

correlate of increased carbohydrate intake.  

Controlling hyperglycemia has also been suggested as an adjunct to cancer therapy 

[87]. Hyperglycemia in cancer patients is known to be associated with reduced intracellular 

AA concentration. Such a decrease results in impaired actions of AA, including a decreased 

activity of the hexose monophosphate shunt, a patway important in optimal immune cell 

functioning [87]. In cardiovascular disease, the association of high blood glucose and low AA 

concentration is also consistent with the GAA mechanism, and may plausibly explain 

functional impairments such as lipid peroxidation and endothelial dysfunction which are 

known to contribute to the generation of atherosclerosis [87]. 

As an additional parallelism, the study by Johnstone et al. [88] compared the effect of 

two high protein diets: one with low (in fact ketogenic) and another with medium 

carbohydrate content. To the surprise of the investigators, higher concentration of blood 

vitamin C was found on the low carbohydrate diet. Yet, the difference was explained by other 

factors.  

AA is known to have a role in scavenging reactive oxygen species within the 

mitochondria. Reactive oxygen species within the mitochondria have been suggested to have 

a role in the development of degenerative disorders including cancer [89]. Given the fact that 

carbohydrate based Western type nutrition is associated with increased production of reactive 

oxygen species in the mitochondria [89], it is plausible to speculate that the need for AA 

would be decreased when on a low carbohydrate diet.  

In human brush border membrane vesicles evaluated ex vivo, AA uptake is 

competitively antagonized by glucose [9] coming abundantly from carbohydrate based diets 

may explain why according to a metaanalysis dietary intake and plasma level of AA were 

only moderately correlated [38]. Importantly, estimation of AA intake in this study relied on 

plant sources only. Negligation of animal sources of vitamin C is typical in the case of the 
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other dietary studies too. This fact together with the loose association between the intake 

estimate and blood level indicate that plants are not ideal sources of vitamin C. Additionally, 

flavonoids abundantly found in fruits and vegetables were also shown to inhibit vitamin C 

uptake by enterocytes [90]. We are not aware of studies assessing the relation between animal 

sources of vitamin C and blood level of it. The striking dissociation between epidemiological 

and intervention studies, as revealed in this review for mortality, cardiovascular disease and 

cancer, may be regarded as an indication that vitamin C taken as a supplement may not be an 

optimal way to obtain this nutrient.  

Chronic diseases such as obesity, diabetes, neurodegenerative diseases, cancer and 

cardiovascular diseases being associated by the cluster of carbohydrate overconsumption [91], 

mitochondrial dysfunction [92], increased production of reactive oxygen species [92] and 

decreased blood level of vitamin C also point to the GAA as a common mechanism beyond 

these pathologic conditions. It can be speculated that increased dietary intake of carbohydrates 

and resulting low level of blood AA are important factors contributing to the development of 

chronic degenerative disorders. 

As a further parallelism, the hypothesis proposed in the present paper also fits well 

with the Warburg theory postulating that cancer is originating from a metabolic dysfunction 

including insufficient mitochondrial oxidative phosphorylation and compensatorily enhanced 

glycolysis [93]. Cancer cells are highly dependent on glucose and are unable to use fat or 

ketones for energy [94], a metabolic failure ketogenic diets are aimed to exploit. We suggest 

that an animal based, low carbohydrate high fat diet (instead of the currently used ketogenic 

diets) may provide vitamin C not only in sufficient amounts but also in a bioavailable form, 

and thus may be more appropriate for the treatment of cancer as compared with the versions 

of the classical ketogenic diets that are currently used in clinical trials e.g. [95]. 

 

8. Conclusion 

From the prospective cohort and correlational studies it is clear that higher blood level of AA 

is associated with lower mortality and morbidity in several chronic conditions. At the same 

time, high-grade evidence from clinical intervention studies indicate that vitamin C taken as a 

supplement provide little or no benefit in the prevention or treatment of chronic diseases. 

Indeed, apart from intervention studies of common cold where minor benefit was reported, no 

single RCT is available that found a clinically meaningful benefit in hard clinical endpoints of 

chronic diseases including cancer and cardiovascular diseases. We put forward that the 

discrepancy between correlational and interventional studies, as regards the role of vitamin C, 

is only apparent and may be resolved by introducing the GAA theory. As detailed above, 

metabolism of vitamin C, including absorption and its uptake by several cell types, is 

inhibited by increasing glucose concentration. Western type diets resulting in carbohydrate 

overconsumption and high blood level of glucose may inhibit utilization of vitamin C also 

when taken as a supplement. Current dietary guidelines, instead of animal sources, 

concentrate on plant sources of vitamin C, thereby also increasing carbohydrate load and 

intake of polyphenols which both inhibit vitamin C utilization. By contrast, studies of 

contemporary hunter-gatherer societies as well as documentations of the arctic people from 

the 18th and 19th century indicate no signs of scurvy despite subsisting on diets predominated 

by foods of animal origin and using no vitamin supplements. Our own clinical experience 

with the paleolithic ketogenic diet also shows improving health parameters and long-term 

sustainability of meat-fat based diet in the absence of vitamin C supplementation. It may be 

anticipated that supplementing vitamin C while on a Western type diet may not reproduce the 

biochemical and physiological complexity of the evolutionary adapted way to utilize vitamin 

C. Even though the amount of dietary vitamin C consumed on an animal meat-fat based diet 

may be lower as compared to dietary intake from some fruits and vegetables, the former may 
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ensure a higher bioavailability of vitamin C. We believe that loss of vitamin C synthesis was 

not deleterious in the ancestral environment humans are evolutionary adapted to. Rather, a 

mismatch between our current diet and ancestral physiology may explain why deficient levels 

of vitamin C are associated with disease. Instead of supplementing vitamin C, changing our 

nutrition as a whole and adopting a meat-fat based diet, even if it may sound a radical 

solution, may be a better choice to support vitamin C homeostasis. Bearing in mind that 

”nothing in biology makes sense except in the light of evolution” [96] this concept is in 

accordance with the major organizing principle of the living world: evolution. 
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