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Assessment of vitamin C effects on pneumonia and COVID-19
using Mendelian randomization: analysis may be misleading
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TO THE EDITOR:
Based on their Mendelian randomization study, Hui et al.
concluded that there is no support for the use of vitamin C in
the prevention and treatment of pneumonia or COVID-19 [1].
However, their study has limitations.
Hui et al. [1] used single nucleotide polymorphisms (SNPs) that

were associated with plasma vitamin C level in the genome-wide
association study in 52,018 people of European ancestry [2].
However, the cited study states “the variance of plasma vitamin C
explained by the 11 lead SNPs was 1.87% on average” [2].
Explaining such a small proportion of the variance is not a valid
measure of the possible effects of vitamin C.
With low dietary vitamin C intakes, plasma levels can fall below

10 μM, whereas with high dietary intakes, plasma levels can
increase to over 80 μM (see Fig. 1C in [3]). It is important to take
into account this eightfold range of plasma vitamin C levels when
considering the dose-health relationship in the community. Low
plasma vitamin C levels are not uncommon. Levels below 11 μM
were reported, for example, in 25% of men and 16% of women
from low-income populations in the UK [4], and in 13% of a US
cohort [5]. In less developed countries, where pneumonia is much
more prevalent, vitamin C levels are usually lower than in Western
countries [6, 7]. Finally, severe diseases such as pneumonia can
alter vitamin C metabolism and can temporarily decrease plasma
vitamin C levels to below 10 μM [8, 9].
Scurvy, as a result of severe vitamin C deficiency, has been

directly linked to pneumonia [6, 8]. It therefore seems likely that
less severe vitamin C deficiency may also increase the risk of
pneumonia, in which case the most appropriate comparison is
between low and high plasma levels, e.g., 10–20 μM vs.
60–100 μM. If a study compares small variations within the high
intake range only, the comparison is uninformative about possible
effects of vitamin C in the low intake range.
Although it is fundamentally essential in a vitamin C study to

know which levels of the vitamin are being compared, Hui et al.
did not state what they considered to be low and high vitamin C
levels [1]. We estimate the average difference in plasma vitamin C
levels explained by the selected SNPs as follows. Over the
included cohorts covering the 52,018 people [2], the mean vitamin
C plasma level was 50 μM, with a SD of 20 μM. The latter
corresponds to a variance of 400 μM2; 1.87% of such a variance is
7.5 μM2, and SD is then 2.7 μM. Thus, statistically the analysis by
Hui et al. corresponds to the comparison of two population
groups of equal size with vitamin C levels of 47.3 vs. 52.7 μM (see
calculation in the Supplementary file). This is not clinically

meaningful when an examination of vitamin C and pneumonia
should ideally compare plasma levels between 10–20 μM and
60–100 μM.
Three small controlled trials reported significantly lower

pneumonia incidence in vitamin C groups, but the contexts were
very specific and thus the findings cannot be extrapolated to the
general population [6, 8]. One was with school children during
WW-II with documented very low vitamin C intake, another with
US Marines during physically heavy recruit training, and the third
with influenza A patients. In all these trials, the incidence of
pneumonia in the control group was much higher than in Western
countries currently [6, 8]. The three small trials have shortcomings,
but nevertheless, Mendelian randomization analysis of adults in
the general population is not comparable with the findings from
these three trials in very specific populations.
Furthermore, severe diseases such as pneumonia can decrease

plasma vitamin C levels, with the decline in level correlated with
disease severity [8, 9]. Hui et al. do not provide any evidence of the
selected SNPs correlating with the decreased vitamin C levels of
sick people. Their study does not offer any information about
possible treatment effects of vitamin C for pneumonia or COVID-
19, despite the claims otherwise. There are randomized trial data
indicating that treatment with vitamin C may have effects on
severe infections in some contexts. A re-analysis of the CITRIS-ALI
trial showed that during the intervention period vitamin C
reduced mortality due to sepsis by 81% (95% CI 45–94%) [10],
and a re-analysis of the COVID A to Z trial showed that vitamin C
increased the rate of recovery of COVID-19 patients [11]. These
treatment effects cannot be investigated using weak genetic
correlations. Randomized trials are needed for conclusive
evidence.
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