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Abstract

The etiology of Type 1 diabetes (T1D) is unknown.
While especially B- and D-vitamins have been to
some extent studied in relation to development of
Type 1 diabetes, Vitamin C has been ignored despite
its important effects as an antioxidant protecting
against oxidative stress, its influence on the immune
function including autoimmunity, and the possible
direct effects on the pancreatic beta cells. Recently the
demonstration of increased dehydroascorbic acid
before the development of autoantibodies in serum of
children with genetic risk for T1D has drawn some
attention to the ascorbic and dehydroascorbic acids,
which decades ago have been linked to effects on the

pancreatic beta cells. As long as there is no safe,
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efficacious and practical way of preventing Type 1
diabetes there are reasons to resume the interest for

vitamins, including Vitamin C.
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1. Introduction

The etiology of Type 1 diabetes (T1D) is unknown.
Genetic factors are important [1] as well as
environmental [2]. Autoimmunity is common with
autoantibodies  against  multiple  autoantigens
preceding the clinically manifest disease usually for

many years. Depending on the initial appearance of
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the two most common autoantibodies, against insulin
(IAA) or against Glutamic Acid Decarboxylase
(GADA), and the difference in HLA association, it
has been proposed that we may deal with different
endotypes of the disease [3-5]. We still do not know
why the autoimmune process starts, even though virus
is one common hypothesis [6-8]. Nutritional agents
such as cow’s milk proteins and gluten introduction
early in life has had a strong position, but after the
failure of the TRIGR study [(9] the cow’s milk
hypothesis has lost power, while gluten is still
regarded as reasonably plausible as contributing cause
of T1D [10]. This short review reminds about the
possible role of vitamins, here concentrating on AA,
not only as antioxidant, but via different possible
mechanisms that could influence beta cell

autoimmunity.

2. Vitamins and Type 1 Diabetes

Even though vitamins are extremely important for the
body function, they seldom seem to get enough status
in diabetes research. Periodically attention has been
focused on Nicotinamide, with a peak interest when
Nicotinamide was used to prevent T1D, but when this
effort failed [11] the interest decreased again. Vitamin
D has also been noticed as there are studies indicating
that vitamin D has effects on the immune system
which might decrease the risk of T1D [12] and there
are epidemiological studies which suggest that lack of
vitamin D might increase the risk of getting T1D [13].
Finally there has been some interest in the antioxidant
effect of several vitamins, which have therefore been
tried to protect beta cells and preserve beta cell
function, but with limited or no effect [14, 15].

Recent studies have made AA more interesting. It is

known that certain metabolic changes seem to occur
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already before the development of autoantibodies,
such as increasing amounts of glutamate and changes
in lipids [16, 17]. However, interestingly another
substance found to be increased very early in the
process is DHAA [18], which suggests a possible role
for AA in the disease process leading to T1D.

3. Vitamin C/Ascorbic acid (AA) and
Dehydro-Ascorbic Acid (DHAA)

Vitamin C or ascorbic acid (AA) is an essential
nutrient which has to be supplied via the diet [19].
Normal diet contains also dehydroascorbic acid
(DHAA), which is also generated from ascorbic acid
in the gut. DHAA is absorbed from the small intestine
and reduced to AA, which then circulates in the
blood. The water soluble AA cannot be stored long
time but is quite rapidly depleted after only about a
week of insufficient intake [20]. Considering the
individual variability in healthy subjects, a daily
intake of AA from 100 to 400 mg is supposed to give
full bioavailability with a steady state of plasma
concentration, usually with a maximum concentration
of ca 70-80 pmol/L [21, 22]. When 500-1000 mg of
AA is taken orally, the uptake is maximal, while the
urine excretion of the vitamin gradually increases
[23]. There seems to be a balance in uptake and
excretion which has led to a recommended dietary
allowance (RDA) for AA, which varies among
countries. In the USA and Canada 90 mg/day for
adult men and 75 mg/day for adult women is
recommended [24], while in  Sweden the
recommendation is 75 mg for adults, 50 mg for
children 10-13 years old and 100 mg for pregnant
women [25]. Several factors can modify AA
requirements, including gender, age, smoking,
pregnancy, and lactation [26]. Furthermore, in
children the RDAs for AA, derived from adult needs,
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are usually adjusted for body mass [27-29]. When AA
is used as an antioxidant and enzyme cofactor it is
oxidized to DHAA. DHAA increases with AA
deficiency, while high doses of AA leads to a
decrease of DHAA. Both insulin and insulin-like
growth factor | (IGF-1) influence the DHAA-AA
balance, which is also influenced by oxidative stress

and by diabetes.

4. Vitamin C/AA and Immune Function

AA plays an important role for the immune system
[30]. It was proposed by, among others, Linus Pauling
that large doses of AA are useful against common
colds. According to Pauling, a daily AA intake of
1000 mg can reduce the incidence of common colds
by about 45% and the optimal daily intake of AA for
a healthy life should be at least 2-3 g [31, 32].
Encouraged by Linus Pauling’s ideas we performed
two double-blind, randomized trials in altogether 800
school children and found that 1000 mg AA per day
for some months might shorten the duration of
common colds, but did not decrease the incidence of
common colds [33]. The result was similar in another
study [34]. The conclusion of a large review of
published studies [35], was that AA supplementation
may decrease the common colds by about 50% in

people, at least under physical stress.

And recently, it was shown in a large randomized,
double-blind, placebo-controlled trial in 1,444 Korean
soldiers, 695 of whom received high doses of AA (6
g/day) for 30 days that the AA group had a 0.80-fold
lower risk of getting a common cold compared to the
placebo group (n = 749) [36]. As another example of
AA effect on infections there are recent reports during
the corona pandemic suggesting that AA might give
some benefit in the treatment of Covid19 [37, 38].
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Thus during infections AA is consumed, while
DHAA increases. AA influences the leukocyte
function [39]. It contributes to protection of the
neutrophils from oxidative stress during the early
stages of an immune response, when neutrophils
activate phagocytosis and produce reactive oxygen
species (ROS) to destroy antigens [40, 41]. When the
phagocytic capacity is exhausted and neutrophils start
to die, AA seems to regulate the immune process in
favor of apoptosis, as AA activates a caspase-
dependent cascade, inhibits necrosis, which
contributes to resolution of inflammation [42]. AA is
also involved in the migration of neutrophils and

macrophages toward the infection sites [43].

Further, AA may induce a shift of immune responses
from Th2 to Thl [44], and the vitamin might affect
the production of antibodies [45-48]. AA seems to
reduce the concentrion of pro-inflammatory
leukocyte-derived cytokines (e.g., TNFa and IL-6)
[49, 50]. Finally, AA seems to increase the activity of
epigenetic enzymes, including the ten-eleven
translocation (TET) proteins [51, 52].

5. Vitamin C/AA and Diabetes

It is reasonable that AA is related to the process
leading to T1D in case virus infections are involved.
But in addition AA has several other connections to

diabetes.

5.1 Type 1 diabetes

AA and glucose are structurally similar, and transport
and accumulation of AA in the beta cells may affect
glucose-induced insulin release. The presence of the
AA-dependent enzyme peptidylglycine a-amidating
monooxygenase in the islets of Langerhans [53-56]

indicates that AA has a function in the islet cells. The

Vol. 5 No. 4 — August 2021. [ISSN 2572-9292]. 642



Arch Clin Biomed Res 2021; 5 (4): 640-649

balance between the concentration of AA and DHAA
is influenced by the concentration of AA as
mentioned above but also by the glucose
concentration [57]. In healthy individuals mainly
ascorbic acid is found, but no or minimal
dehydroascorbic acid. However, diabetic patients, and
actually also their non-diabetic close relatives, have
been found to have remarkably high DHAA
concentrations [58]. It was proposed long time ago
that DHAA might damage beta cells [59] although
studies have given diverging results [60]. It has been
shown that elevated DHAA inhibits insulin secretion
in mice [61-63], and exposure of isolated mouse islets
to DHAA can reduce the responsiveness of the islets
(65) or lead to decreased insulin secretion [63, 64].
Impaired recycling of AA as a result of increased
glucose metabolism may have implications for the
role of AA /DHAA in insulin secretion in diabetes
and might be on part of the glucose toxicity in beta
cells [65].

Interestingly it has recently been noticed that there is
increased concentrations of dehydroascorbic acid in
individuals already before the development of islet
autoantibodies, both before development of IAA and
before GADA [66]. In a follow-up study in the
TEDDY project it was found that infants with low
plasma AA got IAA as their first autoantibody.
Plasma AA and 25 (OH)-D (vitamin D) at infancy
were lower in HLA-DR3/DR4 children among those
with 1AA [67]. In agreement with this another study
found that childhood plasma AA was inversely
associated with islet autoimmunity risk starting with
insulin autoantibodies, but not starting with GADA.
Although, there was no relation to risk of T1D, the
authors concluded that high plasma ascorbic acid
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levels may protect against islet autoimmunity in
children genetically at risk for T1D [68].

5.2 Type 2 diabetes

Patients with T2D seem to have low plasma
concentrations of AA [69]. There are different
possible explanations such as increased urinary
excretion [70] or an increase of oxidative stress
consuming AA [71, 72]. Large doses of AA
supplementation is shown to reduce CRP, IL-6,
fasting blood glucose and triglycerides in patients
with diabetes [73]. In addition, supplementation with
larger doses of AA (200 to 1,000 mg per day) during
at least 4 weeks seems to reduce fasting blood glucose
in patients with T2D according to a meta-analysis
[74]. These later effects of AA may have some

relation to the mechanisms of development of T1D.

5.3 Microangiopathy

In addition to the interest of AA for the development
of diabetes, there is research suggesting that diabetic
microangiopathy is associated with oxidative damage
caused by increased free radicals, and AA is an
effective free radical scavenger. Diabetic patients may
be less able to prevent oxidative damage due to their
lower AA concentrations, which therefore might
increase the risk for microangiopathy [75]. These
findings need to be further investigated. So far AA is
not generally recommended to prevent diabetic

microangiopathy.

6. Nutrition, Vitamin C/AA and Development
of T1D

AA can be synthesized from glucose by most animals,
but not by Homo sapiens, where the necessary
enzyme is lacking. Instead humans have to get AA via

food intake. Food with high concentration of vitamin
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C is eg potatoes, vegetables, citrus fruits, paprika, and
strawberries. If lack of AA and perhaps corresponding
increase of DHAA may cause toxic effects on the beta
cells, contributing to the development of islet
autoimmunity, decreased beta cell function and
perhaps later development of T1D, one might expect
to find some support for protective effect of food
containing AA. However there are no solid data
supporting this connection and some studies on early
nutrition or nutrition during pregnancy give divergent
results.

The Diabetes Autoimmunity Study in the Young
(DAISY) analyzed the effect of early nutrition on
development of autoantibodies [76]. Adjusting for
duration of breast-feeding, age at first cereal
introduction, ethnicity, HLA, family history of type 1
diabetes, and total caloric intake, they found that
higher maternal intake of potatoes was the only part
of the nutrition associated with a delayed time to
onset of islet autoimmunity. Potatoes contain rather
much AA, but the result is no strong support for the

importance of AA.

In the All Babies in Southeast Sweden (ABIS) study
daily vegetable intake during pregnancy was
negatively associated to islet autoimmunity in the
offspring [77]. AA was not measured, but it cannot be
excluded that vitamins, including AA played a role

for the result.

The Finnish Type 1 Diabetes Prediction and
Prevention (DIPP) prospective birth cohort includes
children genetically at risk for type 1 diabetes. The
diet of mothers in late pregnancy was assessed with a

validated food frequency questionnaire. Consumption
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of AA was not found to be associated with the risk of

neither islet autoimmunity nor type 1 Diabetes [78].

7. Conclusions

The etiology of T1D is unknown. While especially B-
and D-vitamins have been to some extent studied in
relation to development of T1D, it may be time to
take a closer look at AA. Both AA and its oxidized
form DHAA may have a role in the development of
T1D, both via mechanisms related to defense against
infections, effects on the immune function and even

direct effects on the beta cell function.
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