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Abstract: Gout, known as “the disease of the kings”, is the most frequent type of arthritis. It results
from sustained hyperuricemia that leads to monosodium urate crystal deposition in joint structures
and soft tissue. Environmental factors such as diet affect the incidence of gout; there is a known
relationship between the occurrence of an acute attack of gout and the consumption of alcohol and
meat; and a low purine diet is a widely recognized nonpharmacological method of supplementing
the treatment and preventing recurrence of arthritis. This review aims to summarize the current
knowledge about the role of vitamin C in prevention and treatment of gout. A PubMed/Medline
database search on the role of vitamin C in purine metabolism was done. Reports from in vitro
and animal studies seem to be promising and to allow explanation of the physiological relationship
between vitamin C and uric acid. Most epidemiological studies indicate a significant correlation
between high vitamin C intake and lower serum uric acid levels. Despite promising observations,
there are few observational and interventional studies, and their results do not clearly define the
benefits of a high daily intake of vitamin C in preventing the development and recurrence of gout.
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1. Introduction

Vitamin C (VC), known as ascorbic acid, plays a pleiotropic function in organisms.
Its role in regulation of various biological processes has been widely investigated since its
discovery in 1932 by Albert Szent-Györgyi, a Hungarian biochemist [1,2]. Despite being
essential for the homeostasis, primates, such as flying mammals and guinea pigs, have lost
their ability of endogenous production of ascorbic acid over their centuries of evolutional
changes. This molecular mechanism is explained by the lack of l-gulonolactone oxidase,
which catalyzes the last step of VC biosynthesis [3]. Therefore, inadequate supplementation
leads to the health conditions caused by VC deficiency. The most known example of the
disease is scurvy (latin: scorbutus), from which the official name of ascorbic acid originated
(a-scorbic, thus against scurvy), which was found amongst sailors in the 18th century [4].
However, it was first Hippocrates who described a similar clinical presentation termed
“ileos ematitis”—“the mouth feels bad; the gums are detached from the teeth; blood runs
from the nostrils . . . ulcerations on the legs; some of these heal . . . skin is thin.” [5].
Current data provide us with increasing knowledge about the possible influence of vitamin
C on prevention and treatment of, e.g., cardiovascular diseases, cancer, inflammatory
diseases spectrum, as well as hematopoietic and soft tissue disorders [6–8]. The most
prominent physiological process in which VC is involved is antioxidation. However,
pharmacological features of vitamin C might be influenced by several factors, including
genetics, environment, and individual lifestyle approach. It remains unclear whether the
observations on ascorbic acid supplementation have a correlative or causative relationship
with outcomes, whether the optimal condition-related dose of VC could be estimated,
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what source of vitamin C is required, and how to implement it in a dietary or clinical
approach [9,10].

Hyperuricemia and, consequently, gout—historically, called “the disease of the kings”
due to disproportional affliction amongst royalties—is one of the alarming medical con-
ditions of modern and wealthy societies [11]. Nowadays gout is perceived as a systemic
disease affecting more than just the musculoskeletal system [12,13]. The prevalence of hy-
peruricemia and gout is increasing worldwide, especially in high-income and economically
developing countries. Epidemiological data are incomplete, but available analysis gives
information about a prevalence of circa 20% for hyperuricemia in adults [14,15], 14% for
hyperuricemia in adolescents [16], and 2.6% for gout [17]. It means that almost every fifth
person is affected by increased uric acid level and its consequences.

The development of gout is currently considered on a continuum, starting from
asymptomatic hyperuricemia, to urate-crystal deposition in joint cavities, and finally gout
and its complications [18,19]. The risk of reaching the final state is increased in the presence
of persisting hyperuricemia, and the correlation is linear to exponential [20]. Elevated level
of uric acid is therefore the key factor for the identification of treatment opportunities.

Evolutionally, humans have lost the ability to produce uricase, an enzyme respon-
sible for the metabolism of uric acid and its transformation into a more soluble one—
allantoin [21–26]. On the other hand, uric acid serves as a strong antioxidant and reduces
the risk of oxidative stress in the human organism [27]. Some authors underline the pos-
sible complementary function of uric acid and vitamin C as antioxidants, supported by
evolutional loss of ability to synthesize endogenous vitamin C and to metabolize uric
acid [28].

Although dietary approach seems to play a main role either as an effective preven-
tive measure or in provoking gout attacks, a thorough understanding of the interactions
between uric acid and vitamin C in the human organism remains unsatisfactory [29,30].
Several studies have found significant correlations but without identifying their causal
relationship [31]. Considering the possible mechanism of the uric acid-lowering properties
of vitamin C, the uricosuric effect seems to outweigh others. However, most recent studies
also suggest another important role of ascorbic acid in the reduction of urate-induced
inflammation by inhibiting activation of responsible NLRP3 inflammasomes. Despite
promising results, this novel approach requires further evaluation [32,33].

This review aims to summarize the current knowledge on the role of VC in the
prevention and management of hyperuricemia and gout. The actual understanding of its
molecular role in disease development as well as potential clinical benefits of ascorbic acid
supplementation are presented.

2. Materials and Methods

In order to obtain comprehensive knowledge of the role of vitamin C in the metabolism
of purines, its effect on the concentration of uric acid in the serum, and its role in the preven-
tion and treatment of gout, this work includes molecular studies as well as observational
and intervention studies with humans. The review includes scientific articles available in
the PubMed/Medline database published by 24 November 2020.

Two groups of words were used as search criteria. The first search concerned vitamin
C: “vitamin c”, “ascorbic acid”, “antioxidants”. The second search related to uric acid
metabolism: “gout” or “hyperuricemia” or “purine metabolism” or “monosodium urate
crystals”. The key words of both groups were joined together via the “AND” hyphen
in all available configurations. No exclusion criteria were employed. The search results
were checked for relevance, and 38 articles were selected for the final review. The article
selection process is presented in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart showing the useful
study selection process. n: number, VC: vitamin C.

This article presents the results of molecular studies as well as observational and
intervention population studies, with the results being discussed in line of increasing
clinical credibility.

3. Results
3.1. Molecular Function of Vitamin C in Gout Etiopathogenesis

Pleiotropic effects of the vitamin C have been widely researched over decades. Amongst
its physiological mechanisms, antioxidant and cofactor functions seem to play an impor-
tant role in maintaining homeostasis. Plasma devoid of ascorbate is extremely susceptible
to oxidant stress and peroxidative damage, despite the presence of another endogenous
antioxidant [1,10]. The inability of endogenous production of vitamin C, e.g., in humans
and guinea pigs, resulting from evolutional mutations in the L-gulonolactone oxidase gene,
leads to the need for exogenous supplementation [34,35].

Uric acid is known for its detrimental influence concerning the clinical consequences
of hyperuricemia and gout [36]. On the other hand, its high antioxidative properties need
to be outlined and recognized in terms of homeostasis [27,37,38]. Low levels of uric acid are
linked to progression of nervous system degeneration [39–42]. Certain studies suggest that
a loss of the active uricase gene in humans might have been another evolutional adaptation
that counteracts vitamin C deficiency by increasing serum uric acid levels. In other species
and non-primate mammals, the uricase enzyme is responsible for the degradation of uric
acid into soluble compound allantoin [21–26].

The relationship between vitamin C and uric acid levels is considered relevant ac-
cording to both a genetical and an environmental approach. In a large randomized study
of 106,147 individuals, an association of high plasma vitamin C and low plasma urate
(consequently low risk of hyperuricemia) was confirmed. However, no causal genetic
connection was found. The SLC23A1 gene variant linked to high plasma vitamin C did not
result in different plasma urate levels or a lower risk of developing hyperuricemia [31]. On
the other hand, a synergistic interaction between vitamin C levels and an elevated genetic
risk score for hyperuricemia has been suggested amongst African-American men [43].

Pharmacologically, the uricosuric effects of vitamin C seem to have the highest impact
on the hyperuricemia and gout in humans [44–47]. The possible explanation for this feature
relates to the renal tubular reabsorptive transport of uric acid, whereas the increase in
secretion remains inconsistent. The molecular mechanism includes involvement of the urate
anion exchanger URAT1 (encoded by SLC22A12, responsible for 50% of reabsorption) and
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two sodium-dependent anion cotransporters of the SLC5 gene family (SLC5A8/SMCT1,
SLC5A12/SMTC2) in the proximal tubule [48–50]. Although the last two are not urate
transporters, research conducted on mice proved a functional coupling between urate and
lactate reabsorption in the kidneys concerning SLC5A8 and SLC5A12 co-transporters [51].
Available data suggest that vitamin C could influence the activity of URAT1 and its cofactors
by two vitamin C transporters (SLC23A1/SVCT1 and SLC23A2/SVCT2) located also in
the proximal tubular epithelial cells [45,52]. See Figure 2.
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transporter, SVCT: sodium-dependent vitamin C transporter, TXNIP: thioredoxin-interacting protein, NF-κB: nuclear factor
kappa-light-chain-enhancer of activated B cells, NLRP3 INF: NLR family pyrin domain containing 3 inflammasome.

Current research sheds new light on another mechanism of urate-induced inflamma-
tion connected with the role of thioredoxin-interacting protein (TXNIP) in nuclear factor-κB
(NF-κB) signaling and its interaction with NOD-like receptor protein 3 (NLRP3). It results
in the activation of the NLRP3 inflammasome. TXNIP protein and eventually urate-induced
inflammation can be successfully inhibited by vitamin C as an antioxidant [32,33].

3.2. Cross-Sectional Studies

After reviewing the literature, six cross-sectional studies were identified (Table 1).
Such research does not allow for sequence of events analysis; however, due to the short
time of implementation, the possibility of including a large group of patients allows for
the identification of potential connections, whose presence should be confirmed in further
long-term observational and interventional studies.

The identified cross-sectional studies described seven cohorts and almost 61,000 cases.
Most of the presented studies included data collected after 2005 [53–56], but the oldest
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reported data were collected in the 1990s [57]. Three of the described groups came from
South Korea [53,54,56], one each from China [55], the US [58], Australia, and Norway [57];
no African, Eastern, Western and Southern European, Central and South American and
Middle Eastern countries were represented. All the presented studies included both women
and men over 19 years old, the average age ranged from 47–62, and all authors also defined
hyperuricemia as a serum uric acid (SUA) concentration exceeding 6 mg/dL in women
and 7 mg/dL in men. Although the systems used to perform the laboratory tests differed
between research, the enzymatic method using uricase was proposed for the determination
of serum UA (uric acid) concentration in all studies.

In the presented study, daily vitamin C intake was assessed using two different
methods—direct daily recall ongoing from 1 to 3 days [54–56] or a food frequency ques-
tionnaire (FFQ) containing 80–158 items [53,57,58]. FFQ forms are a standardized tool
for semi-quantitative assessment of individual product consumption, such as grains, fish,
dairy products, or drinks, adapted to local dietary habits and the need for research on the
level of detail obtained. There are over 200 different forms available in literature, ranging
in length from 5 to 350 items [59]. It seems that the information obtained on the basis of a
FFQ is a bit more complete than one based on direct daily records because they describe
dietary habits over the last months, but they may be burdened with measurement error
and recall bias.

Most of the presented studies reported higher mean concentrations of SUA in men
than in women [53,55,57] and more frequent occurrence of hyperuricemia [54,55]; the
others did not use a division according to gender. Previous studies have also reported
sex-related differences in SUA. Such a difference between genders is probably due to the
estrogen, which purportedly increases urinary excretion of uric acid [60]. There were
significant differences between studies in the average level of vitamin C intake in the diet
too—the lowest values were found in the Ryu et al. study [54]. The difference was evident
even in the results for a Korean population, where the only difference between average
VC consumption in each gender group and hyperuricemia and non-hyperuricemia was
as high as 20 mg/day. This difference may result from changes in nutritional trends over
time, as well as from the characteristics of the population that qualified for each study. The
highest values of daily VC consumption were recorded in the US population, and they were
more than twice as high as in the Korean cohort of Ryu et al. [54]. Korean authors suggest
that this difference may be due to different patterns of vitamin supplementation and its
frequency in individual populations. Koreans prefer to use multidisciplinary supplements,
such as multivitamins, instead of single-ingredient supplements such as vitamin C and
vitamin D [61].

Although hyperuricemia is inherently associated with an increasing risk of gout, only
some authors considered the disease to be a significant clinical variable [57]. In a study
by Zheng et al. [58], cases treated with preparations lowering UA serum concentration,
e.g., allopurinol or febuxostat, were excluded from the cohort. A study designed by
Zykava et al. [57] included data from two separate cohorts, one from Australia (Australian
Diabetes, Obesity and Lifestyle Study; AusDiab), where 9734 participants were included,
and one from Norway (Tromsø Study) with 3031 participants. The two data sets were
handled separately because of differences in survey dates, distribution of food intake,
and local dietary habits; both groups were of Caucasian origin. Patients suffering from
gout were identified either based on a questionnaire, the positive answer to the question
“Have you ever suffered from gout?” in the AusDiab Study, or in the self-reported use of
allopurinol, tisopurine, febuxostat, etc. in the Tromsø Study. Patients qualified as gout-
positive were a separate group, but there was no direct data on their vitamin C intake. The
history of clinically evident gout in both cases was treated as a corrective variable similar to
body mass index (BMI), estimated glomerular filtration rate (eGFR), hypertension, diabetes,
alcohol consumption, and increased physical activity. Higher VC intake (highest quartile)
was found to be associated with lower SUA concentration in the female but not the male
Australian population; no relationship was found for the Norwegian cohort. This result
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was not repeated in other studies, where the relationship between VC consumption and
the level of UA in raw materials was analyzed based on the division into quartiles. All the
Sun et al., So et al., and Bae at al. studies [53,55,56] observed a linear negative association
between daily VC dietary intake and SUA. The lack of an observed relationship in the
Norwegian and Australian cohorts is difficult to verify because there is no information on
the average amounts of vitamin C consumed by the individual groups, and there was no
tile-based analysis. Only in the study by So et al. [56] was there no significant difference
in the daily consumption of VC between people with hyperuricemia and normouricemia;
such a relationship was observed in the other cohorts [53–55].

The results of the presented research seem to suggest the existence of a significant
relationship between the level of SUA and the daily intake of VC. However, it should be
noted that the available studies concerned the populations of only five countries, and even
within the same country, the obtained results were not identical, despite similar eating
habits and lifestyle of the described cohorts’ members. Due to the significant differences
in the daily consumption of individual nutrients between communities and the lack of a
clear answer as to which VC values may have a positive effect on the SUA level, it seems
advisable to conduct further research on a larger scale. In addition, cross-sectional studies
should always be treated as an epidemiological study; they do not provide the possibility
of establishing a cause-and-effect relationship between the observed phenomena; therefore,
it is necessary to verify their results using long-term, prospective observational studies and
interventional studies.

Table 1. Cross-sectional studies discussing the association between vitamin C diet intake and hyperuricemia prevalence.

Study Study Population Dietary
Assessment

Exclusion
Criteria Results

Bae et al.,
2014

South Korea
[53]

9400 subjects:
3564 males

62.5 ± 9.6 years old
5836 females

61.6 ± 9.8 years old

103-item food
frequency

questionnaire
(FFQ)

Subjects with
missing data,
total energy
intake <500, or
>4000 kcal/day;
≥10 missing food
items; or missing
data on rice, (the
staple food for
most Koreans)

Mean UA concentration was significantly
higher in males than females (5.8 ± 1.5 vs.
4.4 ± 1.1 mg/dL, p < 0.0001).
In males and females with hyperuricemia, VC
dietary intake was lower than in proper uric
acid cases: respectively, 79.7 ± 54.1 vs.
86.0 ± 56.0 mg/day, p = 0.01 and 79.2 ± 60.9
vs. 86.0 ± 58.5 mg/day, p = 0.02. In total
group, the difference was significant too
(p < 0.001).
The observed frequency of hyperuricemia
decreased with increased dietary vitamin C
intake in male and female subjects after
multivariate adjustment (p for trend = 0.002 in
males and p for trend = 0.02 in females).
The relationship between total VC intake and
the incidence of hyperuricemia was identified
in females (p for trend = 0.04), but not males
(p for trend = 0.06).

Ryu KA et al.,
2014

South Korea
[54]

9010 subjects:
4869 males

4141 females
50.8 ± 9.65 years old

3-days dietary
recall

(1 weekend and
2 weekdays)

No dietary record
or less than
2 days of record
Total energy
intake <500 kcal
or ≥3500 kcal
Missing lab
test results

Prevalence of hyperuricemia was 13.8%
(27.1% men, 5.2% women).
Hyperuricemia subjects had significantly
lower intakes of VC than controls (57.5 ± 33.5
vs. 69.7 ± 39.8 mg/day, p < 0.001).
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Table 1. Cont.

Study Study Population Dietary
Assessment Exclusion Criteria Results

Zykova SN
et al., 2015
Norway

Australia
[57]

12,765 subjects:
4295 males

5439 females
25–91 years old

Data from 2 study
cohorts

80-item FFQ/
self-designed FFQ

Subjects younger
than 25 years old
Missing FFQ data
or uric acid
measurement
Known or
suspected
myocardial
infarction or
ischemic stroke,
pregnancy

In both cohorts mean UA concentration was
significantly higher in males than females
(5.73 ± 1.27 vs. 4.17 ± 1.0 mg/dL, p < 0.0
001, Australian Diabetes, Obesity and
Lifestyle Study (AusDiab)) and 6.0 ± 1.42
vs. 4.48 ±1.1 mg/dL, p < 0.0001,
Tromsø Study).
Higher intake of vitamin C was associated
with lower serum uric acid (SUA) levels
only in females in the Australian cohort; in
Norwegian study group, the difference was
insignificant. The statistical difference was
calculated for the lowest and the highest
intake quartiles.

Sun Y et al.,
2018

China
[55]

14,885 subjects:
7269 males

49.96 ± 17.77 years old
7516 females

49.28 ± 17.18 years old
Pooled from three

2-yearcycles

24 h dietary recall
collected twice

Subjects younger
than 20 years old
Missing vitamin C
(VC) daily intake
data or blood
sample
Individuals whose
total daily energy
intake > mean + 3
standard deviations
(4630 kcal)
or < mean –3
standard deviations

Prevalence of hyperuricemia was 19.1%
(21.5% men and 16.8% women).
Both total and dietary VC intake was
significantly lower in men with
hyperuricemia (139 ± 227 vs.
170 ± 302 mg/day, p < 0.01 and 82.1 ± 84.9
vs. 93.0 ± 91.7 mg/d, p < 0.01) as well as in
women subjects (142 ± 230 vs.
160 ± 227 mg/d, p = 0.03 and 70.0 ± 60.1 vs.
83.2 ± 72.3 mg/d, p < 0.01).
Dietary vitamin C and total vitamin C
intakes were negatively associated with the
risk of hyperuricemia and the increase of
OR was linear for successive quartiles.

Zheng Z et al.,
2018
US
[58]

4576 subjects
1620 males

2956 females
55.5 ± 12.6 years old

158-item FFQ

Missing VC daily
intake data or blood
sample
Taking medication
for gout

Prevalence of hyperuricemia
was 25.6%.
9% were taking vitamin C supplements.
13% lower of hyperuricemia odds
associated with a doubling of vitamin C
intake (OR: 0.87, 95% CI: 0.78, 0.97).

So MW et al.,
2020

South Korea
[56]

10,175 subjects
4200 males

5875 females
≥19 years old, mean

47 years old

single 24 h recall

Clinical history of
hemophilia,
anticoagulation
therapy,
chemotherapy in a
month, poor
vascular
access, and age of
80 years or older

There was no statistically significant
difference in daily VC intake between
hyperuricemia and normouricemia for both
men and women participants, respectively,
79 vs. 84 mg/day and 82 vs. 84 mg/day.
In analysis of association between
hyperuricemia and quartiles of VC intake
the OR was significantly decreased with
another increase in VC consumption.
The highest quartile of dietary VC intake
was negatively associated with the risk of
hyperuricemia on men: OR = 0.79 (95% CI:
0.63–0.99).

3.3. Case-Control Study

Only one research designed as a case-control study was found in the available litera-
ture [62]. The study included a group of 184 Taiwanese citizens, including 92 patients with
a history of gout, and an age-matched group of healthy cases. Data on patients’ dietary
habits were collected through 24 h recall and 493-item FFQ including the previous year’s
data. The questionnaire was focused on microelements and vitamins intake. In the group
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of healthy people, a significantly higher consumption of fruits and vegetables rich in fiber
and vitamin C was shown, which may indicate the potentially protective effect of these
ingredients on the risk of developing hyperuricemia and gout. However, it should be noted
that although the presented study contained detailed data on eating habits, it did not allow
for an accurate assessment of the amount of nutrients such as VC or fiber. In addition, the
case-control study design did not allow for a sequence analysis of events, which greatly
limited its role in providing strong evidence for a causal relationship between diet and
the risk of developing gout. It seems advisable to conduct a similar study on a larger
population and compare the obtained results.

3.4. Longitudinal and Prospective Study

Due to the extended observation time and the possibility of obtaining uniform in-
formation about a study group at different time points, longitudinal studies allow for a
reliable determination of the relationship between exposure to environmental factors and
the development of a disease. However, this type of examination is not free from disad-
vantages, such as a decreasing number of observed cases, long time and high costs of the
examination, the need to ensure the same standard of diagnostic procedures, and residual
confounding. Only three observational studies discussing the relationship between VC
dietary consumption and the risk of hyperuricemia or gout were found in the PubMed
database (Table 2) [63–65]. All studies were conducted in the United States; two of them
were based on the same cohort at different time points [63,64]. The Health Professional
Follow-up Study (HPFS) was a large and well-characterized prospective cohort designed
to study the association between diet and chronic diseases. The total number of study
members were 51,529 male dentists, optometrists, osteopaths, pharmacists, podiatrists,
and veterinarians.

The follow-up period ranged from one to 20 years, and the total number of observed
cases was 50,519 (of which 48,381 were from the HPFS cohort, so it cannot be ruled out
that some cases overlapped between the described groups). In the case of studies based
on the HPFS cohort [63,64], a standardized 131-item FFQ was used to assess vitamin
C intake and an additional set of questions about the intake of dietary supplements,
including VC. A study by Beydoun et al. [65] relied on a double, 24 h dietary recall. The
determination of SUA levels was made in two smaller studies using enzymatic [63] and
spectrophotometric [65] methods, which resulted in differences in the applied definition of
hyperuricemia, where, in the case of the study by Gao et al., the upper limit of the norm
was 6 mg/dL, while for the study by Beydoun et al., 7 mg/dL for women and 8 mg/dL
for men.

Population-based evidence from the HPFS cohort study [63] showed an association
between vitamin C intake and serum uric acid in male subjects, reporting that males
with higher VC had lower serum uric acid levels, but it was not a linear correlation—two
plateaus were observed: at 90–499 mg/d and then 500 mg/d and higher VC intake. It was
observed that higher daily VC intake (containing supplementation) was associated with
lower SUA, and the trend was linear (p < 0.001), but while patients who supplemented
VC were excluded and only dietary intake was taken into consideration, the trend started
to be nonsignificant. Exclusion of subjects with gout in clinical history (diagnosis based
on self-report) did not change the observed relations; unfortunately, there was a lack of
information about anti-gout treatment, such as prolonged allopurinol or febuxostat therapy.

As in the above-described population, the Beydoun study [65] also showed an inverse
correlation between the daily intake of VC and SUA in both men and women. During
the second (final) follow-up visit, information on regular intake of dietary supplements
was collected; their composition and bioavailability were carefully considered by assessing
the actual dose of VC taken. It was shown that regular vitamin C supplementation had
a beneficial effect on prolonged SUA levels. The study group included both African
Americans and whites and the authors noted that race membership is the most important
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modifier in these analyses; the results obtained, as in the later cross-sectional study by
Zheng et al. [58], were not different for both races.

Table 2. Longitudinal studies discussing the dependence of vitamin C intake in the diet and the risk of hyperuricemia.

Study Study Population Follow-Up
Duration

Dietary
Assessment

Exclusion
Criteria and
End Point

Results

Gao X
et al.,
2008
US
[63]

1387 men
Age 40–75 years old

FFQ was
collected every
two years for 8

years before
blood sample

collection
8 years

131-item FFQ

BMI ≥ 30kg/m2,
hypertension,
blood sample
drawn after
fasting < 8 h at
the beginning
of the study

Greater VC supplement intake was
significantly associated with a lower
serum uric acid (p for trend < 0.001).
Although higher dietary VC intake
categories tended to have lower
serum uric acid levels than the lowest
category, the linear trend was not
significant (p for trend = 0.10).
The multivariate ORs for
hyperuricemia across total VC intake
categories were 1 (reference), 0.58,
0.57, 0.38, and 0.34 (95%
CI: 0.20–0.58; p for trend < 0.001).
The multivariate OR for the highest
versus lowest categories of total VC
intake was 0.31 (95% CI: 0.17–0.56, p
for trend = 0.009).

Choi HK
et al.,
2009
US
[64]

46,994 men
Age 40–75 years old

20 years
vitamin C
intake was

verified
every 4 years

>130-item FFQ
Gout in history
End point–case
of gout

During the 20 years of follow-up,
1317 cases of gout incidents were
confirmed
Relative risk of gout in cases of VC
intake < 250mg/day was 0.83 (95%
confidence interval CI: 0.71 to 0.97)
for total VC intake 500–999 mg/day;
0.66 (0.52 to 0.86) for
1000–1499 mg/day, and 0.55 (0.38 to
0.80) for ≥1500 mg/day (p for
trend < 0.001).

Beydoun
MA et al.,

2018
US
[65]

2138 participants
1238 African

American, 900 white
urban adults

973 males
1165 females

aged 30–64 years old
1208 women

930 men

1–8 years
Mean

4.64 ± 0.93
years

24 h dietary
recall collected

twice and
dietary

supplements
questionnaire
adapted from

NHANES
2007–08

x
Supplemental vitamin C may have
putative protective effects among
both whites and African Americans.

NHANES: The National Health and Nutrition Examination Survey.

The most recent and largest study based on the HPFS cohort and covering twenty years
of follow-up of nearly 47,000 respondents was based on a systematic survey conducted
every four years since year 1986 [64]. The endpoint of this study was the occurrence
of acute gout arthritis, diagnosed according to the American College of Rheumatology
survey gout criteria; a detailed interview was collected from respondents with self-reported
gout. It is the only field study to assess the direct effect of VC consumption on the risk of
developing gout. During the twenty-year follow-up, 1317 new cases of gout were reported.
The authors observed a reduction in the risk of developing gout with an increase in the
daily intake of VC, both in the diet and associated with pharmacological supplementation.
When an intake of up to 250 mg/d was used as the baseline value, then a linear decrease in
the risk of developing the disease was observed: RR for a dose of 500–999 mg/d was 0.83
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(95% CI: 0.71 to 0.97); RR for a dose of 1000–1499 mg/d was 0.66 (95% CI: 0.52 to 0.86), and
RR for a dose ≥1500 mg/day was 0.55 (95% CI: 0.38 to 0.80) (p for trend < 0.001). It should
be noted that the average daily dose of vitamin C 250 mg/d corresponds with the upper
quartile of ascorbic acid intake observed in other studies [55–57], while here it is the lowest
daily dose.

The studies described above are difficult to compare due to methodological differences
and the fact that two of them were based on the same initial population. However, although
they repeatedly indicate the beneficial effect of a higher daily intake of vitamin C on the
risk of hyperuricemia and the development of gout, it is difficult to indicate the minimum
dose of daily VC intake. It seems that 500 mg/d is a safe dose; moreover, as observed by
Gao et al. [63], a plateau effect between a dose of 499–1000 mg raises doubts about the sense
of daily dose escalating. On the other hand, in the study by Choi et al. [64], the benefit from
a dose even as high as >1500 mg/d was statistically significant. Further observational and
iterative studies in a more diverse population are required to determine the best dose and
ultimately prove the efficacy of VC in reducing the risk of hyperuricemia. The available
studies, although promising, cannot be treated as conclusive evidence of the relationship
between the VC intake and SUA level.

3.5. Interventional Studies

The last type of research in humans to be discussed will be international studies,
which are the only ones that can determine the direct clinical benefit of using a drug or
dietary supplement in the treatment or prevention of disease development, in this case,
hyperuricemia and gout. Fifteen clinical research trials were identified in the available
literature (Table 3). The oldest [44,46,47] were focused on the uricosuric effect of vitamin
C supplementation. Further work focused on SUA levels in the healthy population and
patients with various chronic diseases, including end-stage renal disease [66–74]. The
last subgroup consisted of studies where patients with gout in their clinical history were
included [44,75,76]. All studies were relatively short and lasted from a few hours to a
maximum of three months. Supplemented doses of VC ranged from 500 mg/day to as
much as 12 g. Despite the use of even high doses of VC, only one patient was excluded
from a study due to poor drug tolerance. Conducting clinical trials with VC—even at high
doses—appears to be safe due to relatively mild overdose symptoms, such as osmotic
diarrhea and nausea, since the excess VC is excreted with urine. Due to the long time
that elapsed since the publication of the first of the discussed studies, the methodology of
the laboratory assessment of SUA and UA excreted in urine differs significantly between
studies, which makes it difficult to explore them directly.

The first subgroup of the presented studies was carried out in the 1970s and 1980s and
assessed the change in the concentration of uric acid excreted due to the supplementation of
ascorbic acid [44,46,47]. The studies were characterized by a very small number of patients
enrolled, while the control was based on the results obtained before the intervention.
For the first study of this type by Stein et al. [44], 14 people were included, including
five patients with gout, three with hyperuricemia, and six healthy people; the age of the
respondents and the information on the sex distribution in each group are unknown. The
lack of information on the sex distribution may make the interpretation of the obtained
data difficult, because in later observations, differences in uric acid metabolism between
women and men were shown, which could be due to differences in the level of sex-related
hormones [60]. During the study, patients received different doses of VC (from 500 mg
to 4 g) in monotherapy or in combination with aspirin or pyrazinamide, separated by
48 h intervals; three patients were also subjected to several days (3–7 days) of observation,
during which they took 8 g VC/d [44]. The authors observed a significant direct effect of
high dose of VC on the increase in the ratio of uric acid clearance to creatinine clearance in
the kidney and also described the relationship between the increase in filtration (assessed
3 h after VC intake) and the dose taken—see Table 3. In extended follow-up, despite the
high dose of 8g/d VC, the increase in UA filtration was slightly lower.
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Table 3. Interventional studies discussing the dependence of vitamin C supplementation and the risk of hyperuricemia, gout, and uricosuric effect.

Study Study Population Follow-Up
Duration Intervention Exclusion Criteria Results

Stein HB et al.,
1976

Canada
[44]

14 subjects
10 males and

4 females
5 with gout,

3 hyperuricemia,
6 controls

8 h/
3–7 days

Diet: 2600 kcal, 70 g of protein,
purine free
1. VC 0.5, 2.0 and 4.0 g
2. VC 4.0 g + ASA 600mg
3. CV 4.0 g
4. ASA 600 mg
5. VC 4.0 g + pyrazinamide 3.0 g
6. Pyrazinamide 3.0 g
48 h brake between experiments
3 subjects administrated 8.0 g of VC
by 3–7 days

Drug known to interfere
with uric acid metabolism or
excretion.

4.0 g VC intake caused maximum increase to 202 ± 41% uric
acid clearance. The peak effect varied between 6 to 8 h
(p < 0.01).
2.0 g VC intake increase to 152 ± 24% UA clearance (p > 0.05).
0.5 g VC intake increase to 128 ± 6% UA clearance (p > 0.05).
ASA intake decreased UA clearance.
In prolonged VC administration, the UA clearance was
increased to 174% ± 24% (p < 0.01) of the control values, and
the effect was maintained for 1 to 2 days thereafter. In this
group the serum uric acid decreased by 1.2 to 3.1 mg/dL
because of a sustained uricosuria.

Mitch WE
et al., 1981

US
[46]

6 healthy subjects
4 males

2 females
Age 22–42 years old

1month 4 or 12 g of VC in 4 separate doses/
day

History of gout, hypertension,
renal disease, or other
diseases associated
with abnormal uric acid
metabolism
No drugs or vitamins were
taken for at least 1
week before study

There was no effect on serum uric acid concentration or uric
acid excretion and clearance by the kidney.

Sutton JL et al.,
1983 *

UK
[47]

16 healthy subjects 7 days 1 g of VC 3 times/day Data not available Transient increase in uric acid excretion was observed.

Baser E *
1991

Turkey
[66]

152 healthy subjects
20.0 ± 0.38 years old 1 month 105 subjects: 500 mg of VC once/day

47 subjects: placebo Data not available There was no significant effect of VC on plasma uric acid
concentration (p > 0.05).

Yanai H et al.,
2004

Japan
[67]

8 well-trained male
athletes 3 weeks

4 subjects: 1 g VC
4 subjects: placebo
unified diet and training program

After training in the placebo group, significant increase of
UA serum concentration was observed (4.48 ± 0.83 mg/dL
before training vs. 6.15 ± 0.47 mg/dL in the end of the study,
p < 0.05). In VC supplementing group, the UA concentration
stayed stable (5.98 ± 0.67 vs. 5.13 ± 0.52 mg/dL; p > 0.05).
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Table 3. Cont.

Study Study Population Follow-Up
Duration Intervention Exclusion Criteria Results

Huang HY
et al., 2005

US
[68]

184 subjects
74 males

110 females
Age 58.15 ± 13.65

years old

2 months 92 subjects: 500 mg of VC once/day
92 subjects: placebo

Regular exposure to passive
tobacco smoke for ≥1 h/ day
or consumption of ≥14
servings of alcoholic
beverages/week.
2-month period of
supplement abstinence before
study beginning was
required.

Baseline VC dietary intake was equal.
At the end of the supplementation
period, the serum UA concentration was significantly
reduced in the active vitamin C group but not in the
placebo group (mean change 0.09, 95% CI: −0.05 to 0.2 vs.
−0.5, 95% CI: −0.6 to −0.3, p< 0.0001).
Serum UA was inversely correlated with changes in serum
ascorbic acid −0.32 (p < 0.0002) in the VC group.
Among persons who were hyperuricemic at baseline
(n = 21), VC supplementation reduced serum UA by a
mean of 1.5 mg/dL (p = 0.0008).

Naziroğlu M
et al., 2009

Turkey
[49]

120 subjects
40 non-diabetic

postmenopausal
women

40 postmenopausal
women with DM2

Age 45–65 years old
40 young controls

Age 19–28 years old

1.5 months

40 control subjects–without
intervention
40 postmenopausal non-diabetic
subjects–HRT
20 postmenopausal diabetic
subjects-HRT
20 postmenopausal diabetic
subjects–HRT + 1 g VC and 600 mg
VE

Women taking insulin or
lipid lowering therapy or
antioxidant vitamins within
the last 6 months or HRT
within the last 3 months
Control group had not been
taking oral contraceptives for
at least 6 months before the
blood sample collection

The UA concentration in group of postmenopausal diabetic
women was significantly higher than in control group
(3.4 ± 0.1 vs. 2.4 ± 0.5 mg/dL, p < 0.01).

In this group after 6 weeks of HRT together with vitamins
C and E supplementation, a significant decrease of UA
serum concentration compared to baseline was observed
(3.4 ± 0.1 vs. 2.9 ± 0.8 mg/dL, p < 0.05).

Hunter DC
et al.,
2011

New Zeland
[70]

48 smokers
18 males

25 females
Age 44.3 ± 8.1 years

old

1.5 months

Nonsupplemented milk
Prototype supplemented milk (i.e.,
200mg VC/serve)
200mL of milk twice a day

Younger than 30 years old
Chronic disease (e.g.,
diabetes, cardiovascular
disease)
Taking medications known
to interfere with the immune
system used nutritional
supplements

In supplemented milk group, serum UA concentration was
significantly lower after 6 weeks than in baseline (p = 0.026),
and fasting
concentrations of plasma vitamin C were significantly
higher (p < 0.001).
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Table 3. Cont.

Study Study Population Follow-Up
Duration Intervention Exclusion Criteria Results

Stamp LK
et al., 2013

New Zeland
[75]

40 patients with gout or
hyperuricemia

36 males
4 females

Mean age 58.1 years old

2 months

10 subjects: Start allopurinol
50–100 mg/d (after 8 weeks the dose
range 100–300 mg/day)
10 subjects: VC 500 mg/d
10 subjects: increase previous
allopurinol dose (final dosage
150–500 mg/day)
10 subjects: allopurinol in dose as
before + VC 500 mg/d

Taking over-the-counter
vitamin supplements

There was no significant reduction of UA concentration
between baseline and final sampling in group of patients
with supplementation of VC.
The reduction in UA levels was significantly
lower in the 20 patients receiving VC compared
to those who started receiving or increased the
dose of allopurinol (mean reduction 0.23 vs. 1.98 mg/dL;
p < 0.001).
Results showed that supplemental VC at a dosage of
500 mg/day did not lead to a
clinically significant reduction in the UA level in patients
with gout.

Binaz V et al.,
2014
Iran
[71]

172 hemodialysis
patients

102 males
63 females

Age 61.54 ± 12.72 years
old

2 months

59 subjects: 250 mg of VC 3
times/week
58 subjects: Placebo
55 subjects: No intervention

7 were excluded from the
study due to
transition to other dialysis
centers, being infected by
active infections, cancer,
death, or refusal to continue
participation

46.7% patients had hyperuricemia.
At baseline, the UA concentration was similar in all
study groups.
After 8 weeks of study, UA serum concentration was
significantly lower in VC supplemented group than in
both controls (5.8 ± 1.3 vs. 6.4 ± 1.3 and 6.3 ± 1.1 mg/dL,
p = 0.02).
In patients with hyperuricemia (n = 80), the decrease of
UA after 8 weeks of VC supplementation was
significantly lower than in both controls (5.90 ± 1.30 vs.
6.80 ± 0.64 and 6.80 ± 1.01 mg/dL, p = 0.004).

El Mashad GM
et al., 2016

[72]

60 children with
end-stage renal disease

29 males
31 females

Age 8.85 ± 10.2

3 months
30 subjects: 250 mg VC i.v. 3
times/week
30 subjects: placebo (saline i.v.)

Primary (nonuremic)
cardiovascular disease
Taking VC supplementation
during the last three months
Participants in another
clinical trial

Serum mean uric acid levels were 8.06 ± 1.8 mg/dL and
ascorbic acid levels were 8.90 ± 4.06 µmol/L (norm in
children > 28.4 µmol/L).
In the supplemented group, statistically significant
increase of VC serum concentration was observed
(8.97 ± 4.38 vs. 22.06 ± 9.59 µmol/L, p < 0.0001) as well
as significant decrease of UA concentration (8.33 ± 1.61
vs. 5.95 ± 0.75 mg/dL, p < 0.0001) between baseline and
final sampling.
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Table 3. Cont.

Study Study Population Follow-Up
Duration Intervention Exclusion Criteria Results

Choudhury
MR et al., 2016

Bangladesh
[73]

71 subjects–patients with
musculoskeletal disorder

except gout
25 males

46 females
Age 34.13 ± 13.5 years old

3 months 37 subjects: VC 500 mg/d
34 subjects: placebo

Gout or any malignant
disorder in clinical history
Smokers and heavy drinkers

In VC supplementing group, mean decrease of serum UA
was −0.32 mg/dL (95% CI: −0.73 to 0.77), while in the
placebo group, the mean change was + 0.12 mg/dL (95%
CI: −0.22 to 0.47).
Subjects were split into subgroups uniform in terms of
sex, BMI, and baseline UA concentration—patients with a
higher serum UA level had greater benefit from VC
supplementation.

Azzech FS
et al., 2017

Saudi Arabia
[76]

30 subjects
15 with gout 52.85 ± 11.36

years old
15 with hyperuricemia
54.23 ± 12.26 years old

16 males
14 females

Aged 24–75 years old

2 months All subjects:
VC 500 mg/d

Patients less than 20 years,
history of dialysis, alcohol
consumption, pregnant or
lactating women,
multivitamin supplements
during the last three months,
and diuretic drug
and/or any uricosuric agent

After 8 weeks in gout group, the mean UA concentration
was nonsignificantly higher than at the baseline
(8.4 ± 1.15 vs. 8.09 ± 1.09 mg/dL, p > 0.05), while in
hyperuricemia group, a significant decrease was
observed (7.16 ± 1.04 vs. 7.94 ± 0.93 mg/dL, p < 0.05).
The reduction of UA was slightly higher for women than
men in hyperuricemia group.

Peng H et al.,
2018

China
[74]

66 male army recruits
Age 19.25 ± 1.5 years old 1 month 33 subjects: VC 500 mg/d

33 subjects: placebo

Any chronic disease and
long-term medication
necessity
Previously lived at an
altitude > 2500 m
Not completing follow-up

At 1 month, UA concentration was significantly higher
than at baseline (7.33 ± 1.33 vs. 6.02 ± 1.34 mg/dL,
p < 0.001); prevalence of hyperuricemia was also
significantly higher (63.6 vs. 19.7%, p < 0.001). In VC
supplemented group, both the level of serum UA
(6.92 ± 1.25 vs. 7.75 ± 0.92 mg/dL, p = 0.003) and the
prevalence of hyperuricemia (48.5 vs. 78.8%; p = 0.020)
were lower.

Peng H et al.,
2018

China
[74]

120 male army recruits 1 month 57 subjects: VC 500 mg/d
58 subjects: VE 75 IU/d

Any chronic disease and
long-term medication
necessity
Previously lived at an
altitude > 2500 m
Not completing follow-up

At 1 month, UA concentration was significantly higher
than at baseline (7.32 ± 1.37 vs. 6.85 ± 1.19 mg/dL,
p = 0.053), and a higher prevalence of hyperuricemia (59.6
vs. 43.1%, p = 0.076) was observed. Both were higher in
the vitamin C group relative to the vitamin E group, but
the differences were not statistically significant.
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Another analyzed subgroup of studies are experiments aimed at assessing the effect of
ascorbic acid supplementation on the level of uric acid in the blood serum in healthy people.
In most of the presented studies, VC was supplemented at a dose of 500 mg/d [66,68,74],
one VC was supplemented at a dose of 1000 mg/d [67]; all studies were double-blind,
placebo-controlled studies. The first study by Baser et al. [66] showed no significant
reduction in SUA. The results obtained in the remaining described groups are in contrast
with this study. After two-month supplementation of ascorbic acid at a dose of 500 mg/d
in 92 healthy volunteers, a statistically significant decrease in SUA levels was observed [68],
and the decrease in UA concentration was inversely proportional to the increase in serum
ascorbic acid concentration. At the same time, a nonsignificant increase in SUA was
observed in the placebo-treated group. A stronger effect of VC was observed in the
subgroup of 21 patients with hyperuricemia at baseline; here, the decrease in SUA was
1.5 mg/dL [68]. A stronger reduction of SUA levels in patients with a higher concentration
of UA at the beginning was also confirmed in other reports [69,73].

Only young men who, apart from VC supplementation with 1000 mg [67] or 500 mg/d [74],
were subjected to intensive physical training, and being at high altitude [74], were qualified
for the remaining two studies. In both cases, the effect of VC supplementation was to re-
duce the increase in SUA associated with accelerated metabolism resulting from increased
physical exertion. Elevated plasma urate levels are commonly observed in physically
active subjects [77]. In the second identically designed study presented by the team of
Pang et al. [74], supplementation with 75 IU/d of vitamin E was used in the control in-
stead of placebo. The strong antioxidant effect prevented hyperuricemia caused by high
altitude and exercise. Then, after a single intake of 4 g VC (202 ± 41 vs. 174 ± 24% of
baseline clearance), the hyperuricosuria effect persisted 1–2 days after discontinuation of
VC supplementation. In 2 patients who were followed up for several days in the daily
measurements of SUA, no linear decrease was observed; additionally, no stable increase in
renal UA clearance was observed. However, at the end of the observation, the SUA level
decreased by 1.2–3.1 mg/day. There was no separate analysis of healthy and gout patients
in the description of the study [44]. A similar outcome of increased uricosuria was observed
in the study of Sutton et al. [47]. Unfortunately, we were not able to obtain all the full texts
of the cited publications, and in the case of the research by Sutton et al. and Baser, the data
were collected only on the basis of available abstracts, which makes it impossible to analyze
the above-mentioned studies in detail. In contrast to the experiences of the Stein [44] and
Sutton [47] syndromes, in the results obtained in the study by Mitch et al. [46], six healthy
volunteers took part in the experiment and took a dose of 4 or 12 g of VC in four divided
doses throughout the day for a month. In this group, there were no significant changes
in the level of SUA or in the increased uricosuric effect. The relatively short observation
period of the above-described studies limits their role as evidence for preventive properties
of VC. However, some of them suggest a beneficial role of vitamin C supplementation in
reducing SUA levels amongst healthy adults and, consequently, hyperuricemia. Further
research is required in this field.

Subjects with additional clinical diseases were qualified for further five studies [69–73].
These studies differed significantly in terms of the protocol used; however, in all of them, a
positive effect of VC supplementation was achieved in variable doses from 250 mg admin-
istered intravenously three times a week to 1 g/d taken orally to reduce the concentration
of UA in the blood serum. A study by El Mashad et al. [72] presented sixty children with
end-stage renal disease who were dialyzed three times a week. For three months, thirty
children received 250 mg of VC intravenously, while the remaining thirty received saline
solution. In the study group, there was a significant decrease in the level of uric acid
(8.33 ± 1.61 vs. 5.95 ± 0.75, p < 0.0001) compared to the baseline value. A similar result was
obtained in an analogical study conducted in a population of dialyzed adults [71], where
after two months of systematic supplementation with 250 mg VC intravenously three
times a week after dialysis, the mean SUA value decreased from 6.2 mg/dL to 5.8 mg/dL
(p = 0.02). In patients from the control group, the SUA level remained unchanged.
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The last group discussed in this review is the clinically most interesting study focused
on patients with gout [44,75,76]. These patients often require chronic pharmacotherapy and
should follow a low-purine diet for a long time and avoid alcohol and smoking. The issue
of additional reduction of the risk of recurrent arthritis seems to be particularly important in
this group. In the literature, there are three intervention studies in patients with gout. The
most important one, established in 1976, is the experiment by Stein et al. [44], in which the
health effect of vitamin C was assessed. Five people with gout qualified for this study, but
there are no detailed results for this group; the study is described above. Two other studies
did not show a significant reduction in uric acid concentration in patients with gout [75,76]
who were supplemented with vitamin C at a dose of 500 mg/day for two months but
for whom stabilization of the SUA level was demonstrated. A study by Stamp et al.
compared the effect of supplementation with vitamin C with the addition of allopurinol
therapy—modifying its current dose or adding VC to the current dose of allopurinol. A
significant decrease in SUA was demonstrated in all groups using allopurinol, while in the
group that used only VC supplementation, uric acid concentration was stabilized; there
were no significant differences in the clinical efficacy of allopurinol as monotherapy or
in combination with VC. It should be noted that a dose of 500 mg VC determined at the
beginning of the study remained unchanged throughout the two months of observation,
while the dose of allopurinol was actively changed depending on the control of uric acid
levels. In the group of 10 people who were included in the allopurinol therapy for the first
time, the initial dose was on average 95 mg/d at the beginning, and it reached 210 mg/d at
the end of the study, while in those who received therapy earlier, the initial dose was on
average 345 mg/d and was 385 mg/d at the end of the study. However, the observational
study by Choi et al. [64] showed a beneficial effect of an increased dose of VC even above
1.5 g/d. Perhaps, when using VC as an adjunct to urate-lowering therapy, the use of higher
doses of ascorbic acid should be considered in order to obtain its stronger therapeutic effect.

The summarized results of the above studies can be found in the meta-analysis
prepared by Juraszek et al. [78]. The team analyzed data obtained from 13 randomized
clinical trials, with a total number of 556 participants receiving a vitamin C in a median
dose of 500 mg/d by a mean of 30 days. They concluded that supplementation of VC
reduced serum concentration of uric acid −0.35 mg/dL (p = 0.032).

Currently, there is no evidence for the usefulness of vitamin C supplementation in
patients with gout, but its usefulness in lowering uric acid levels in patients who have
not yet developed arthritis may be considered. It seems advisable to conduct further
clinical trials with a longer duration of vitamin supplementation and with various doses in
order to establish the optimal dose. Perhaps the recommendation of additional vitamin
C supplementation in people with hyperuricemia will find its application in everyday
clinical practice.

4. Conclusions

The effect of diet on serum uric acid levels and the development of acute arthritis
in a person with gout is well documented. However, it seems that the problem is not
only related to the consumption of meat products and alcohol but is extremely complex
and multifactorial. It is difficult to clearly identify all nutrients that play a role in the
etiopathogenesis of the disease. Although the literature contains the results of numerous
studies reporting on the relationship between serum concentration of vitamin C and uric
acid, available data do not allow for an unambiguous assessment of the usefulness of
ascorbic acid supplementation in the prevention and treatment of gout. It seems that a
higher level of vitamin C in the serum has a positive effect on purine metabolism and
favors the reduction of uric acid level, thus reducing the risk of monosodium urate crystal
deposition in joints structures and soft tissue. However, there is too little evidence of a
beneficial effect of ascorbic acid supplementation in the prevention and treatment of gout,
as well as for its usefulness during an exacerbation of the disease. Some research suggests
its potential preventive role but studies are limited due to their short observation period.
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Long-term follow-up of a wide patient population and prolonged intervention studies
are necessary to draw final conclusions. Currently, it seems that the most clinically sound
rationale is to recommend a balanced diet rich in vegetables, fruits, and cereals, with a
limited content of meat and meat products. In addition, it is necessary to maintain a proper
body mass and physical activity and to stop smoking.
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