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ABSTRACT
Objective  To examine the cross-sectional association 
between vitamins A, E, C and D from diet and supplements 
and the prevalence of respiratory complaints in a 
nationally representative sample of UK adults.
Methods  Data from adult participants of the National Diet 
and Nutrition Survey Rolling Programme years 2008–2016 
were used for the analysis. Logistic regression adapted 
for complex survey design was used to investigate 
the relationship between each vitamin intake in turn 
(exposure) and self-reported respiratory complaints 
(outcome), adjusting for relevant confounders.
Results  Overall, respiratory complaints were found in 
33 of the 6115 adult patients aged 19 years and above. 
After adjustment for potential confounders, a negative 
association was observed between the intake of vitamin 
A and E intake from diet and supplements and respiratory 
complaints. For vitamin D, intake from supplements, 
but not diet, was inversely significantly associated with 
respiratory complaints. No association between vitamin C 
and respiratory complaints was observed.
Conclusion  In conclusion, intake of vitamin A and E from 
diet and supplements, and vitamin D from supplements, 
show strong evidence of association with lower self-
reported prevalence of respiratory complaints in a 
nationally representative sample of UK adults.

BACKGROUND
Globally, there has been an emerging trend 
of pandemics affecting the respiratory system, 
which has culminated most recently in the 
severe acute respiratory syndrome corona-
virus 2019 outbreak.1 Current efforts to tackle 
the pandemic rely on managing associated 
symptoms and providing standard supportive 
nutritional care, with a substantial burden on 
the National Health Service.2

Nutrition is known to play a critical role 
in the prevention of a number of infec-
tious diseases, while malnutrition is known 
to contribute to increased morbidity and 
mortality from such diseases.3 4 Although the 
mechanisms by which nutrition affects immu-
nity are complex, optimal nutritional status is 
known to contribute to the maintenance of 

the immune system.5 6 Evidence also suggests 
that unhealthy western diets contribute to 
chronic inflammation and reduced host 
defence against viruses.7 Consistent with the 
latter, the beneficial role of specific nutri-
ents, such as vitamins A, E, C and D, in the 
prevention of acute respiratory complaints is 
emerging and has been highlighted recently 
by a number of reviews and a report by 
the American Nutrition Association.6 8–11 
According to the latter report, vitamin A is 
speculated to support mucosal tissues, and 
practitioners were advised to evaluate doses 
that exceed the recommended dietary allow-
ance of 700 μg/2333 IU retinoic acid equiva-
lent for women and 900 μg/3000 IU retinoic 
acid equivalent for men, respectively.10 
Likewise, vitamin E has been hypothesised 
to play a role in lung protection through 
its fat-soluble properties, which enable it to 
accumulate in lipid membranes, neutralising 
free-radicals and triggering production of 
proinflammatory cytokines.10 Evidence for 
vitamin C in supporting white blood cells to 
fight infections is more established,6 while a 
number of reviews and studies indicate the 
potential health benefits of taking vitamin D 
supplements, particularly in individuals who 
are deficient.6 11 More recently, a number of 
studies have highlighted the consequences of 
malnutrition and the role of vitamin supple-
mentation in managing the severity and long-
term consequences of coronavirus disease.7 12

On the balance of this evidence, there is 
clearly an urgent need to expand our under-
standing of how intake of vitamins from 
dietary sources and supplements could influ-
ence the incidence and severity of respiratory 
complaints. This understanding is critical to 
developing short-term and long-term public 
health nutrition recommendations to help 
tackle respiratory complaints and reduce 
burden on healthcare systems.
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This study aimed to examine the cross-sectional asso-
ciation between vitamins A, E, C and D intake from 
diet and supplements and the prevalence of respiratory 
complaints in a nationally representative sample of UK 
adults. These vitamins were selected among many nutri-
ents as they have already been granted health claims in 
the European Union relating to the normal function 
of the immune system13 and have been hypothesised by 
the American Nutrition Association to be of value to the 
prevention of respiratory infections.10

METHODS
The study population consisted of adults aged 19 years 
and above who participated in the 2008–2016 National 
Diet and Nutrition Survey Rolling Programme (NDNS 
RP) and who completed three or more days of diet 
diaries. The NDNS RP is a cross-sectional rolling survey 
that collects information yearly on all food and drinks 
consumed from approximately 1000 randomly sampled 
individuals living in private households across the four 
regions in the UK.14

Individuals were selected from a random sample of  
21 573 addresses from 799 postcode sectors obtained 
between April 2008 and March 2011 from the Royal 
Mail’s postcode address file in years 1–4. In years 5 and 
6 (combined), a random sample of 8879 addresses from 
323 postcode sectors was drawn between April 2012 and 
March 2014.15 In years 7 and 8 (combined), the sample 
was expanded to 9072 addresses from 316 postcode sectors. 
Within each selected address, one household was randomly 
sampled. The overall response rate for individuals 
completing 3 or 4 days of dietary records was 56% in year 
1, 57% in year 2, 53% in year 3, 55% in year 4, 53% in the 
combined years 5 and 6 and 53% in the combined years 7 
and 8, respectively. Details of the survey methodology have 
been published previously.14 Ethical approval for the NDNS 
RP was obtained from Oxfordshire A Research

Ethics committee approval (Ref. No. 07/H0604/113) 
and for NDNS RP 2014–2017 approval from the 
Cambridge South NRES Committee (Ref. No. 13/
EE/0016) was received .14

Respiratory complaints were defined as the self-
reported presence of a number of conditions, such as 
weak chest, breathlessness, bronchial trouble, collapsed 
lung, lung damage by viral pneumonia, throat infection 
and others. Full description is provided in the interviewer 
project instructions of the NDNS programme.16

Design-based inference by logistic regression adapted 
for complex surveys (with software Stata 16) to accommo-
date the survey design (clusters, strata and weights) was 
applied to explain the presence of respiratory condition 
for each vitamin in a separate model, comprising both 
intake from diet only (continuous exposure) and from 
supplements (binary exposure) and adjusting for relevant 
confounders—that is, age, sex, body mass index (BMI), 
smoking (current, former or never), equivalised income 
and total energy intake. Data were weighted to correct 

for unequal sample selection, non-response for house-
hold and individual interview, and non-response to indi-
vidual visit. The weighing factor adjusted for differences 
in sociodemographic variables, such as age, sex, ethnicity 
and region, between participants and non-participants to 
the individual and nurse visit, ensuring the survey sample 
was representative of the UK population. Analyses were 
conducted using the centred method for singleton strata.

Intake from supplements was calculated by subtracting 
total intake for each vitamin from its corresponding 
dietary intake. Intake was subsequently categorised as 
'yes/no' to account for excess zeroes and non-normal 
distribution of intake from supplements.

RESULTS AND DISCUSSION
The overall findings are summarised in box  1. Sample 
characteristics are shown in table  1. Overall, in the 
unweighted sample, there were 33 cases of respiratory 
complaints out of the 6115 adult cases. Survey members 
who reported respiratory complaints were generally older 
(p=0.025) and less likely to report taking vitamins A, E, C 
or D supplements. Intake of vitamin E and A from diet 
was also lower in survey members who reported respira-
tory complaints than in those who did not report such 
complaints.

In the crude analysis, intake of vitamin D, E and A 
supplements was associated with a lower prevalence of 
respiratory complaints (table 2).

This association remained after adjustment for age and 
sex, BMI, household income and smoking status. For 
continuous exposure, only vitamin A and E intake from 
diet remained significantly associated with lower respira-
tory complaints and the direction and magnitude of the 
association remained the same and similar. In the case of 
vitamin D, the association between intake from diet and 
respiratory complaints switched from positive to nega-
tive between the crude and fully-adjusted model while 

Box 1  Summary of current evidence and main findings

What is already known on this topic
►► Good nutrition and vitamin supplementation may help prevent re-
spiratory infections.

►► Evidence from nationally representative observational studies is 
limited.

What this study adds
►► Intake of vitamins A and E from both diet and supplements is as-
sociated inversely with prevalence of respiratory complaints in UK 
adults.

►► Vitamin D intake from supplements, but not diet, is associated in-
versely with prevalence of respiratory complaints in UK adults.

Next steps
►► Conduct longitudinal studies on vitamin intake and respiratory infec-
tions to disentangle the direction of causality.

►► Conduct studies on the relationship between vitamin intake and im-
munity to COVID-19, including diverse ethnic groups.
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remaining non-statistically significant. No association 
between intake of vitamin C from diet and respiratory 
complaints was observed. The association with vitamin 
C supplements could not be estimated by the model as 
no adults with respiratory complaints reported taking 
vitamin C supplements.

Our current analysis suggests that intake of vitamin A 
and E from both diet and supplements is associated with a 
lower prevalence of respiratory complaints. Major dietary 
sources of vitamin A include liver, whole milk, cheese, 
in addition to carrots, dark green leafy vegetables and 

orange-coloured fruits. Vitamin A is also often added 
together with vitamin D to reduced fat spreads. Major 
dietary sources of vitamin E include vegetable oils, nuts 
and seeds. Vitamin E has been demonstrated to enhance 
T cell-mediated immune function, particularly among 
older adults.17 Accordingly, a randomised controlled trial 
of 617 older adults found that a daily supplements for 
1 year with 200 IU vitamin E led to a reduction in the risk 
of upper, but not lower, respiratory tract infections.18

Our findings of an association between vitamin D intake 
from supplements, but not diet, and lower respiratory 

Table 1  Characteristics of the unweighed population sample. Continuous data are shown as mean and SD. Categorical 
data are shown as counts and percentages. The null hypothesis that the mean is the same in those reporting/not reporting 
respiratory complaints is tested taking full account of the complex survey design

Characteristics

Respiratory complaints

P valueNo Yes

N 6082 33

Age, mean (SD) 49.8 (17.6) 62.6 (15.4) 0.025

Sex

 � Men 2519 (41.4%) 12 (36.4%) 0.118

 � Women 3563 (58.6%) 21 (63.6%)

Ethnic group

 � White 3197 (93.8%) 27 (100.0%) 0.407

 � Non-white 210 (6.2%) 0 (0.0%)

Cigarette smoking status

 � Current smoker 1402 (23.1%) 7 (21.2%) 0.071

 � Ex-regular cigarette smoker 1463 (24.1%) 14 (42.4%)

 � Never regular cigarette smoker 3214 (52.9%) 12 (36.4%)

BMI, mean (SD) 27.7 (5.4) 29.3 (7.2) 0.327

Equivalised income, mean (SD) 31.4 (23.0) 28.5 (34.1) 0.228

Total energy (MJ) diet only, mean (SD) 7.5 (2.3) 7.1 (2.6) 0.564

Vitamin C (mg) diet only, mean (SD) 78.4 (54.9) 65.2 (46.4) 0.048

Vitamin D (mg) diet only, mean (SD) 2.9 (2.1) 2.6 (1.9) 0.789

Vitamin E (mg) diet only, mean (SD) 9.0 (4.1) 7.8 (2.9) 0.004

Vitamin A (μg) diet only, mean (SD) 949.7 (54.9) 804.6 (432.6) <0.001

Vitamin C supplements

 � No 5297 (87.1%) 33 (100.0%) <0.001

 � Yes 785 (12.9%) 0 (0.0%)

Vitamin D supplements

 � No 4969 (81.7%) 27 (81.8%) 0.001

 � Yes 1113 (18.3%) 6 (18.2%)

Vitamin E supplements

 � No 5034 (82.8%) 29 (87.9%) 0.002

 � Yes 1048 (17.2%) 4 (12.1%)

Vitamin A supplements

 � No 5095 (83.8%) 29 (87.9%) 0.002

 � Yes 987 (16.2%) 4 (12.1%)

Values are displayed for the unweighed sample.
P values take into account complex survey design.
BMI, body mass index.
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complaints add to the current scientific debate on this 
topic. Several studies have reported an inverse association 
between vitamin D intake and incidence of respiratory 
disorders.19 20 In the UK BioBank Study, however, no rela-
tion between blood 25-hydroxyvitamin D concentration 
and COVID-19 infection were observed.21 Our study indi-
cates absence of a linear association between vitamin D 
intake from diet and respiratory complaints. Nonetheless, 
our study observed that vitamin D intake from supple-
ments only is associated with reduced prevalence of respi-
ratory complaints. It is estimated that around a fifth of 
the general population in the UK have low vitamin D,22 
and over 30% of older adults aged 65 years and above do 
not achieve the recommended nutrient intake.23 This is 
despite recent increases in vitamin D intake in the general 
UK population.24 Our findings are consistent with the 
hypothesis that supplementation is critical to ensuring 
adequate vitamin D status is maintained and potentially 
indicate that intake of vitamin D from diet alone cannot 
help maintain adequate vitamin D status.

For vitamin C, several meta-analyses have indicated 
that supplements with vitamin C prevent and treat pneu-
monia25 as well as the common cold.25 This association was 
not observed in our study. In addition to the above find-
ings, no significant linear association was found between 
BMI and vitamin intake, or between BMI and respiratory 
complaints. This is in contrast to most recent studies 
indicating that obesity is associated with increased risk 
of H1N126 and COVID-19 viral infections,27 potentially 
via an augmented inflammatory cellular environment.27 
Nonetheless, our study did not have data on the prev-
alence of the above infectious complaints, so no direct 
inferences could be made. Future studies are warranted 
to investigate the association between proinflammatory 
and pro-oxidant dietary patterns and prevalence or risk 
of respiratory complaints, particularly viral infections.

It is important to highlight that the current study 
investigated the association between total vitamin intake 
from diet and supplements and respiratory complaints as 
defined in the NDNS. Herein, the definition of respiratory 
complaints was broad and included both infectious and 
non-infectious diseases, such as colds, chronic obstructive 
pulmonary complaints and asthma. This implies that the 
generalisability of our study’s findings is limited and no 
inferences should be made with regard to the current 
COVID-19 pandemic. Other limitations include the small 
number of cases and the inability to disentangle the 
direction of causality due to the cross-sectional nature of 
the NDNS study. Hence the associations highlighted are 
descriptive rather than causal.

CONCLUSION
In conclusion, in UK adults, intake of vitamin A and E 
from diet and supplements, and vitamin D from supple-
ments is associated with lower self-reported prevalence 
of respiratory complaints. These findings provide some 
basis for further research into the value of vitamin intake 

up and beyond recommended dietary intake. Further 
research is required to assess the implications of the 
current study in the context of the current coronavirus 
disease 2019 pandemic using data from longitudinal 
cohorts. Our study also highlights the need for further 
data collection on nutrition and respiratory disorders 
to cover wider geographical areas and high-risk groups, 
including a focus on other ethnicities. This future 
research can form the basis for further recommendations 
for policy and practice.
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