
Vol.:(0123456789)1 3

European Geriatric Medicine 
https://doi.org/10.1007/s41999-022-00714-5

RESEARCH PAPER

Dietary nitrate supplementation for preventing and reducing 
the severity of winter infections, including COVID‑19, in care homes 
(BEET‑Winter): a randomised placebo‑controlled feasibility trial

Philip M. Bath1,2  · Cameron J. C. Skinner1 · Charlotte S. Bath1 · Lisa J. Woodhouse1 · 
Anastasia Areti Kyriazopoulou Korovesi3 · Hongjiang Long3 · Diane Havard1 · Christopher M. Coleman4 · 
Timothy J. England1,5 · Valerie Leyland6 · Wei Shen Lim7 · Alan A. Montgomery8 · Simon Royal9 · Amanda Avery3 · 
Andrew J. Webb10 · Adam L. Gordon11,12 · for BEET-Winter Investigators

Received: 6 August 2022 / Accepted: 31 October 2022 
© The Author(s) 2022

Key summary points
Aim To assess the feasibility of supplementing dietary nitrate (NO substrate) intake in care home residents.
Findings Expressions of interest by care homes were not realised during the alpha COVID-19 wave of infections. Background 
dietary nitrate was < 30% of acceptable daily intake; most residents received a majority of their nitrate supplementation and 
supplementation increased urinary and salivary nitrate concentrations.
Message  Recruiting UK care homes during the COVID-19 pandemic was partially successful and supplemented dietary 
nitrate was tolerated and elevated urinary nitrate concentrations.

Abstract
Purpose Infections cause considerable care home morbidity and mortality. Nitric oxide (NO) has broad-spectrum anti-viral, 
bacterial and yeast activity in vitro. We assessed the feasibility of supplementing dietary nitrate (NO substrate) intake in 
care home residents.
Methods We performed a cluster-randomised placebo-controlled trial in UK residential and nursing care home residents 
and compared nitrate containing (400 mg) versus free (0 mg daily) beetroot juice given for 60 days. Outcomes comprised 
feasibility of recruitment, adherence, salivary and urinary nitrate, and ordinal infection/clinical events.
Results Of 30 targeted care homes in late 2020, 16 expressed interest and only 6 participated. 49 residents were recruited 
(median 8 [interquartile range 7–12] per home), mean (standard deviation) age 82 (8) years, with proxy consent 41 (84%), 
advance directive for hospital non-admission 8 (16%) and ≥ 1 doses of COVID-19 vaccine 37 (82%). Background dietary 
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nitrate was < 30% of acceptable daily intake. 34 (76%) residents received > 50% of juice. Residents randomised to nitrate vs 
placebo had higher urinary nitrate levels, median 50 [18–175] v 18 [10–50] mg/L, difference 25 [0–90]. Data paucity pre-
cluded clinical between-group comparisons; the outcome distribution was as follows: no infection 32 (67%), uncomplicated 
infection 0, infection requiring healthcare support 11 (23%), all-cause hospitalisation 5 (10%), all-cause mortality 0. Urinary 
tract infections were most common.
Conclusions Recruiting UK care homes during the COVID-19 pandemic was partially successful. Supplemented dietary 
nitrate was tolerated and elevated urinary nitrate. Together, infections, hospitalisations and deaths occurred in 33% of resi-
dents over 60 days. A larger trial is now required.
Trial Registration ISRCTN51124684. Application date 7/12/2020; assignment date 13/1/2021.

Keywords Care home · COVID-19 · Dietary supplementation · Infection · Nitrate · Nitric oxide

Background

Epidemic winter infections due to viruses and bacteria cause 
considerable morbidity and mortality in care homes [1]. 
Common viral causes include influenza A/B viruses, parain-
fluenza virus, respiratory syncytial virus (RSV), rhinovirus 
and coronaviruses (CoVs: 229E, NL63, OC43, HKU1). 
Bacterial causes of respiratory infection include Chlamydia 
pneumoniae, Haemophilus influenzae, Legionella spp. and 
Streptococcus pneumoniae [1]. Care homes also have win-
ter outbreaks of gastrointestinal tract infections (e.g. viral 
gastroenteritis due to norovirus), urinary tract, and skin and 
soft-tissue infections [1]. Overtaking all of these in 2020/21 
was the SARS-CoV-2 pandemic which has had catastrophic 
consequences [2] with a third of excess deaths occurring 
in care homes and a reduction in resident life expectancy 
by 6 months [3]. Despite significant enhancements made to 
infection control procedures in care homes (hygiene, per-
sonal protective equipment) and prophylaxis with vaccina-
tion, infections have continued, and it is likely that event 
rates will return to baseline as practices normalise after 
the pandemic. Co-located older people in care homes are 
at high-risk for outbreaks of infectious diseases and yet 
there are no general antimicrobial measures that have dem-
onstrated prophylactic efficacy against such outbreaks. For 
example, interventions such as probiotic capsules [4] have 
failed to demonstrate efficacy.

Nitric oxide (NO) possesses broad-spectrum antimicro-
bial activity with substantial in vitro and some in vivo data 
demonstrating anti-viral, bacterial, protozoal and fungi/yeast 
activity [5]. The antimicrobial effects of NO and derivative 
ions such as peroxynitrite are mediated by effects on RNA/
DNA and protein conformation [5]. NO also improves organ 
blood supply and has pro-endothelial and anti-inflammatory 
and antithrombotic effects mediated through anti-leucocyte 
and anti-platelet activity [6], and these may also contribute 
to its antimicrobial effects. Antiviral and antibacterial activ-
ity has been demonstrated against many common causes 
of respiratory, gastrointestinal and soft-tissue infections; 

of relevance here, NO and phosphodiesterase 5-inhibitors 
(which maintain cyclic guanosine monophosphate lev-
els, NO’s second messenger) have antiviral effects against 
influenza [7, 8] and coronaviruses such as SARS-CoV-2 
[9, 10]. A recent human trial showed that a NO-nasal spray 
accelerated nasal SARS-CoV-2 viral clearance [11]. Endog-
enous NO is made from dietary amino acids (L-arginine and 
L-citrulline) and nitrate [5]. Phase II-equivalent clinical tri-
als have supported anti-microbial effects of NO made from 
acidified nitrite on cutaneous viral and bacterial infections, 
dietary nitrate on oral bacteria, and NO gas against some res-
piratory viral infections [5]. Further, NO has been shown to 
improve exercise performance and cognition in older people 
[12], potential benefits of relevance to care home residents. 
Although some common infections have vaccines available 
(e.g. influenza, SARS-CoV-2), many do not yet (e.g. RSV) 
and vaccinations may need to be combined with chemo-
prophylaxis for effective prevention, especially in a popula-
tion where immunosenescence is normal [13, 14]. So, NO 
substrates and donors may be particularly relevant due to 
their potential generic antimicrobial effects, especially since 
resistance against NO appears to be rare [5] in contrast to 
that occurring with many specific antimicrobial agents [1].

Care home residents have low nitrate and nitrite intake, in 
part because care home food may be low in nitrate content 
whilst food wastage (food left on plates) is high. We hypoth-
esised that high infection rates in care homes might reflect 
low dietary nitrate intake and supplementation might reduce 
infections. The design and preliminary results of BEET-
Winter have been published as a pre-print [15].

Methods

Aim, design and setting

BEET-Winter was a prospective cluster-randomised, 
placebo-controlled, blinded endpoint phase IIb trial and 
assessed pre-exposure prophylaxis; we tested the feasibility 
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of supplementing dietary nitrate (given as beetroot juice) to 
care home residents, tolerability of beetroot juice, effect of 
dietary nitrate on salivary and urinary nitrate/nitrite concen-
trations, and safety and proof of concept. Further details are 
provided in the Supplementary Information and protocol on 
the trial website (https:// stroke. notti ngham. ac. uk/ beet- win-
ter/). The trial is registered ISRCTN51124684, application 
date 7/12/2020, assignment date 13/1/2021.

Rationale

The proposed trial was premised on the following: (i) NO 
has broad spectrum antimicrobial affects [5] and so may 
reduce infections and their severity including death; (ii) Die-
tary sources of NO have a very low risk of harm; (iii) Care 
home diets are low in dietary nitrate; (iv) SARS-CoV-2, res-
piratory epidemic and norovirus infections in care homes 
increase during the autumn, winter and spring months; (v) 
The symptoms of many respiratory infections overlap so it 
is not possible to reliably distinguish clinically between the 
causative organism (e.g. influenza virus vs. RSV vs SARS-
CoV-2) in the absence of multiplex testing, which is not 
routinely deployed; (vi) Co-infections caused by two or more 
pathogens of concern may interact in as yet undetermined 
ways; and (vii) Most COVID-19 trials have focussed on 
interventions that are unlikely to have beneficial effects on 
other microbial pathogens.

Eligibility

UK care homes, with and without nursing or dual registered, 
were eligible for inclusion if they looked after older people, 
were rated at least ‘adequate’ by the English Care Quality 
Commission and had a minimum of 18 residents (Supple-
mentary Information).

Randomisation and masking

As a cluster-randomised trial, care homes (and not residents) 
were randomised dynamically by computer algorithm using 
minimisation to balance across important baseline charac-
teristics: type (without nursing vs dual registered or with 
nursing alone), prior SARS-CoV-2 infection in wave 1 of the 
pandemic, and size (≤ 32 vs > 32 residents). Ten percent of 
randomisations were based on chance. Randomised homes 
were assigned in a 1:1 ratio to receive nitrate-containing 
juice and usual care vs nitrate-free juice (placebo) and usual 
care. Residents, care homes and trials staff were unaware of 
the assigned treatments.

Interventions

Provision of nitric oxide (NO) was via 70 ml of nitrate-
containing (400 mg) beetroot juice (Beet It Beetroot Juice 
Sport Shot—70 ml, James White Ltd, Ipswich UK), which 
is metabolised to NO in vivo, via the nitrate-nitrite-NO path-
way [16] and was given once daily for 60 days. Placebo was 
given in the form of 70 ml of nitrate-free (0 mg) beetroot 
juice (placebo Beet It Beetroot Juice Sport Shot—70 ml, 
James White Ltd) given once daily for 60 days.

Both active and placebo juices have been used in multiple 
previous clinical trials and are identical in appearance, smell 
and taste [17]. Both juices contain folate, potassium, vitamin 
C, fibre and antioxidants but no allergens, and can be stored 
at room temperature with a shelf life > 1 year. The juices 
are palatable to many, but if found unpalatable, taste can be 
masked by dilution in other juices, e.g. orange or apple juice, 
or consumption through a straw.

Outcome measures

Feasibility outcomes included the following: recruitment of 
care homes; recruitment of residents; adherence to the inter-
vention (75% of residents take > 50%); ability to take juice; 
assessment of salivary and urinary nitrate concentrations 
(using Quantofix nitrate/nitrite, Camlab, Cambridge UK) at 
60 days; ability to measure the ordinal outcome measure; 
assessment of incident infection rate using the ordinal out-
come; and estimation of the intra-cluster correlation (ICC). 
Background dietary nitrate intake was assessed from care 
home menus and photographs of lunch before and after con-
sumption (Supplementary Information).

The efficacy outcome was the most serious event occur-
ring during treatment from an ordinal clinical scale com-
prising: (1) all-cause mortality, (2) all-cause hospitalisation, 
(3) infection with the resident remaining in the care home 
but needing healthcare support (e.g. from the general prac-
titioner, 111 call, 999 call/paramedic), (4) infection with the 
resident remaining in the care home and not needing health-
care support, and (5) no infection, at 60 days after randomi-
sation; a further analysis assessed this outcome at 90 days. 
Other outcomes included the components of the efficacy out-
come, efficacy outcome in pre-specified subgroups, time to 
asymptomatic and symptomatic proven SARS-CoV-2 infec-
tion, time to first admission to hospital and its cause, time to 
death and its cause, frailty (clinical frailty scale, CFS) [18], 
disability (Barthel index), cognition (6-item test) and qual-
ity of life (EuroQoL, EQ-5D-5L; EuroQoL visual analogue 
scale, EQ-VAS). Safety outcomes comprised reported seri-
ous adverse events (SAEs) and adverse events (AEs) which 
exclude any events contributing to the clinical primary 
outcome, i.e., not involving an infection, requiring hospi-
talisation or leading to death; SAEs were defined as those 

https://stroke.nottingham.ac.uk/beet-winter/
https://stroke.nottingham.ac.uk/beet-winter/
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requiring healthcare support (i.e., medically important) and 
AEs as those not requiring healthcare support.

Dietary nitrate/nitrite intake

Dietary nitrate and nitrite intake were estimated from eight 
lunch menus and 69 photographs of lunch plates before and 
after consumption from four residents in one participat-
ing care home. These data were supplemented by internet-
uploaded menus from three other UK care homes. Com-
bining all the gathered information and with a consensus 
agreement between three researchers (AA, AKK, HJL), 
a representative 4-days’ full food and drinks menu, with 
serving sizes, was created for the care homes. Results were 
adjusted for average food wastage using data previously 
reported for a care home in the UK [19].

Procedures

Trial documents including protocol and training materials 
are hosted on an open website (https:// stroke. notti ngham. 
ac. uk/ beet- winter/). Care Home staff were trained by the 
research trial team and then approached eligible care home 
residents for electronic informed consent, or relatives if the 
resident lacked capacity. Capacity was assessed using the ‘3 
question approach’, as used in the RIGHT-2 trial [20].

Following consent/proxy consent, care home staff submit-
ted data online (REDCap, Vanderbilt University, Nashville 
USA) at days 0 (baseline), 14, 60 (end-of-treatment) and 90 
(final follow-up), and at the time of any outcome event or 
serious adverse event.

Statistical analysis

The statistical analysis plan was published on 9 August 2021 
at https:// stroke. notti ngham. ac. uk/ beet- winter/. A total of 
360 residents from 30 homes with 12 residents per home 
(range 12–17) would be needed assuming alpha 0.05, power 
0.80, intra-cluster correlation (ICC) 0.01 (with assumptions 
based on previous studies, Supplementary Information 
Table 1). Up to six additional care homes, each with between 
4 and 20 participants, could be added in case some homes 
dropped-out, or if fewer than 12 residents were recruited at 
some homes.

Care home and resident characteristics and feasibility 
data are tabulated as number (%), median [interquartile 
range] or mean (standard deviation). Comparative analyses 
were to use a multi-level ordinal logistic regression model 
with adjustment for the minimisation factors and individual-
level covariates (age, sex) and a random effect to adjust for 
clustering within care homes. The treatment comparison was 
to be presented as an adjusted common odds ratio (with 95% 
confidence intervals) for a shift in the direction of a better 

outcome on the ordinal scale [21]. Prespecified analyses of 
the efficacy outcome were to be performed in subgroups 
defined by the following adjustment factors: care home 
type (with/without nursing), prior SARS-CoV-2 infection 
in the care home, number of residents in care home, age, 
sex, vaccination status. Other outcomes were to be analysed 
using regression models dependent on data type (binary, cat-
egorical, continuous, time to event), adjusted similarly and 
accounting for clustering within care homes. All P values 
are two-sided and shown without adjustment for multiple 
testing. Analyses were performed using SAS version 9.4.

Results

Recruitment of care homes

Of an intended recruitment of 30 care homes, 16 expressed 
interest, 12 signed a contract, 7 received training, 6 con-
sented residents and 5 treated and followed-up residents 
(Supplementary Information Tables 2 and 3, Fig. 1). Eth-
ics submission was made via the UK Integrated Research 
application System (IRAS) system in mid-September 2020, 
i.e. prior to the start of the UK’s second COVID-19 wave 
(which was due to the wildtype/Wuhan variant) (Supple-
mentary Information Table 4). However, the trial was sub-
sequently rejected for urgent public health badging and so 
ethics review was not expedited; as a result, ethics approval 
was received in late November 2020 at the start of the UK’s 
third COVID-19 wave (due to alpha variant). Following con-
tracting and training, the first care home was randomised in 
mid-December 2020 and started treatment in mid-January 
2021. The trial timings are summarised in Supplementary 
Information Table 4. The median intervals between contact, 
contracting, juice testing, care home randomisation, training, 
juice arrival, consent, baseline assessment, start of juice and 
days 14, 60 and 90 are shown in Supplementary Information 
Table 5. Of the participating care homes, four were mixed 
or nursing and two had a CQC rating of excellent (Table 1).

Recruitment of residents

A total of 49 residents were recruited from six care homes, 
median 8.0 [7.0, 12.0] per home. Baseline characteristics 
were mostly balanced between the groups and were largely 
representative of UK care home residents in respect of 
mean (SD) age 82 (8) years, sex with 63% female and no 
non-whites (Table 1). A majority of residents (84%) lacked 
capacity to consent and needed consultee consent and 16% 
had an advance directive for non-admission to hospital. 
Residents mostly had the following: dementia (84%), maxi-
mal cognitive impairment (six-item test 28 of 28), frailty 
(CFS 7 of 9), dependency (BI 40/100) and poor quality of 

https://stroke.nottingham.ac.uk/beet-winter/
https://stroke.nottingham.ac.uk/beet-winter/
https://stroke.nottingham.ac.uk/beet-winter/
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Table 1  Baseline characteristics

All Nitrate Placebo

Care home characteristics 6 4 2
Homes (%)
 Residential 2 (33.3) 2 (50.0) 0 (0.0)
 Mixed 3 (50.0) 1 (25.0) 2 (100.0)
 Nursing 1 (16.7) 1 (25.0) 0 (0.0)

Region (%)
 East Midlands 5 (83.3) 3 (75.0) 2 (100.0)
 South-east 1 (16.7) 1 (33.3) 0 (0.0)

Last CQC rating (%)
 Excellent 2 (33.3) 1 (25.0) 1 (50.0)
 Good 4 (66.7) 3 (75.0) 1 (50.0)
 Needs improvement 0 (0.0) 0 (0.0) 0 (0.0)

Client age group (%)
 Older adults, 65 + years 5 (83.3) 3 (75.0) 2 (100.0)
 Mixed, 18 + years 0 (0.0) 0 (0.0) 0 (0.0)
 Younger adults, 18–65 years 1 (16.7) 1 (25.0) 0 (0.0)

Number of residents 68.0 (25.8) 68.0 (29.8) 68.0 (25.5)
Number of registered nurses 9.0 (9.6) 5.8 (7.2) 15.5 (13.4)
Number of non-nurse carers 84.8 (47.3) 61.3 (35.9) 132.0 (25.5)
Ratio residents to staff 1.2 (1.2) 1.6 (1.4) 0.5 (0.1)
Staff vaccinated against flu (%) 6 (100.0) 4 (100.0) 2 (100.0)
Taken part in previous research (%) 4 (66.7) 2 (50.0) 2 (100.0)
Resident characteristics
Number 49 28 21
Age (years) 82.3 (8.2) 81.6 (8.5) 83.1 (7.9)
 >  = 70 (%) 31 (63.3) 15 (53.6) 16 (76.2)

Sex, female (%) 31 (63.3) 19 (67.9) 12 (57.1)
Race-ethnicity, non-white (%) 0 (0.0) 0 (0.0) 0 (0.0)
Care home (%) 8.0 [7.0, 12.0] 7.5 [4.0, 10.0] 10.5 [8.0, 13.0]
 Residential 16 (32.7) 16 (57.1) 0 (0.0)
 Nursing 33 (67.3) 12 (42.9) 21 (100.0)
 Time in home (days) [IQR] 474.0 [284.0, 1053] 460.5 [303.0, 1073] 501.0 [274.0, 967.0]

Advance directive—no hospitalisation (%) 8 (16.3) 2 (7.1) 6 (28.6)
Do not attempt resuscitation order (%) 40 (81.6) 21 (75.0) 19 (90.5)
Lacked capacity (%) 41 (83.7) 22 (78.6) 19 (90.5)
Medical history (%)
 Blood, e.g. lymphoma, myeloma 2 (4.4) 1 (3.6) 1 (5.9)
 Brain, e.g. PD, MS 10 (22.2) 7 (25.0) 3 (17.6)
 Cancer, under therapy 6 (13.3) 4 (14.3) 2 (11.8)
 COVID-19 9 (20.0) 4 (14.3) 5 (29.4)
 Diabetes mellitus 2 (4.4) 1 (3.6) 1 (5.9)
 Dementia 38 (84.4) 23 (82.1) 15 (88.2)
 Headache/migraine 0 (0.0) 0 (0.0) 0 (0.0)
 Heart, e.g. heart failure 14 (31.1) 8 (28.6) 6 (35.3)
 Heart attack 4 (8.9) 2 (7.1) 2 (11.8)
 Hypertension, on tablets 16 (35.6) 13 (46.4) 3 (17.6)
 Hyperlipidaemia, on tablets 6 (13.3) 5 (17.9) 1 (5.9)
 Kidney disease, chronic 5 (11.1) 4 (14.3) 1 (5.9)
 Kidney stones 0 (0.0) 0 (0.0) 0 (0.0)
 Leg ulceration, current 2 (4.4) 1 (3.6) 1 (5.9)
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Table 1  (continued)

All Nitrate Placebo

 Liver, e.g. hepatitis, cirrhosis 0 (0.0) 0 (0.0) 0 (0.0)
 Lung, e.g. asthma, COPD 6 (13.3) 4 (14.3) 2 (11.8)
 Pneumonia 2 (4.4) 2 (7.1) 0 (0.0)
 Stroke 8 (17.8) 4 (14.3) 4 (23.5)
 Urinary catheter, current 3 (6.7) 2 (7.1) 1 (5.9)
 Urinary tract infection 15 (33.3) 15 (53.6) 0 (0.0)

Interventions (%)
 Steroid tablets, current 0 (0.0) 0 (0.0) 0 (0.0)
 Vitamin D supplementation 16 (34.8) 13 (46.4) 3 (16.7)

Weight (kg) 67.9 (15.6) 69.6 (18.1) 64.8 (9.8)
Height (m) 1.6 (0.1) 1.6 (0.1) 1.7 (0.1)
Body mass index (kg.m−2)† 25.3 (5.1) 26.3 (5.8) 23.5 (2.8)
Number of risk factors (/11)†‡ 3.0 [3.0, 4.0] 3.5 [2.5, 4.0] 3.0 [3.0, 3.0]
Clinical
Clinical frailty scale (/9) 7.0 [6.0, 7.0] 7.0 [6.0, 7.0] 6.0 [6.0, 7.0]
Barthel index (/100) 40.4 (29.4) 40.9 (28.5) 39.8 (31.2)
6 item cognition (/28) 28.0 [19.0, 28.0] 28.0 [18.5, 28.0] 28.0 [21.0, 28.0]
Quality of life, EQ-5D-5l (/1) 0.5 (0.2) 0.5 (0.2) 0.5 (0.2)
Quality-of-life, EQ-VAS (/100) 64.8 (18.2) 57.3 (15.9) 74.9 (16.3)

Data are number (%), median [interquartile range] or mean (standard deviation)
† Calculated
‡ Sum of (age>70) + Blood + Brain + Cancer + Diabetes + Heart + Kidney + Liver + Lung + Steroid + (BMI>40)

Fig. 1  Flow chart. CH: care 
homes; Res: residents

Care homes
Interested, CH=15
Randomised, CH=7

Randomised to 
placebo

CH=3, Res=21

Day 0: Baseline data
CH=2, Res=21

Days 1-60: Placebo 
drink

CH=2, Res=18

Day 60: Efficacy 
outcome recorded

CH=2, Res=21

Day 90: Final follow-
up

CH=2, Res=19

Randomised to  
nitrate

CH=4, Res=28

Day 0: Baseline data
CH=4, Res=28

Days 1-60: Nitrate 
drink

CH=3, Res=27

Day 60: Efficacy 
outcome recorded

CH=3, Res=27

Day 90: Final follow-
up

CH=3, Res=27
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life (health status 0.5/1.0, visual analogue scale 65/100) 
(Table 1). Two care homes (with 6 participating residents) 
withdrew altogether from the trial following randomisation 
and prior to collection of baseline data or commencement 
of beetroot juice.

Adherence to beetroot juice

All 45 residents with data received at least one beetroot 
juice shot and 76% of residents took > 50% of drinks. The 
median [interquartile range] and (range) of drinks taken was, 
overall—40 [31, 47] (5–60), nitrate—46 [33, 58] (8–60) and 
placebo—32 [27, 43] (5–52).

Salivary/urinary nitrate concentration

Five of the six care homes reported at least some nitrate 
measurements. Baseline urinary nitrate concentration was 
10 [10, 50] mg/L. Salivary measurements were not avail-
able from the two homes randomised to placebo; in those 
randomised to nitrate, the median [interquartile range] sali-
vary nitrate was 50 [50, 100] mg/L and median [interquar-
tile range] salivary nitrite [10, 20] mg/L (Supplementary 
Information Table 7). An on-treatment analysis based on 
randomised clusters was not possible due to the paucity of 
participating care homes. However, since dietary nitrate 
intake was low (Supplementary Information Table 7), sali-
vary and urinary levels will largely have depended on ran-
domised intake and so a comparison of residents on active 
versus placebo juice was performed without accounting for 
clustering. In before–after (baseline/day 60) analyses, those 
randomised to nitrate-containing beetroot juice had non-
significantly higher urinary nitrate at 60 days, change 15 
[0, 75] mg/L (p = 0.12); by contrast, levels did not change 
in those randomised to placebo juice, difference 9.5 [−10 to 
40] (p = 0.33). When adjusted for baseline, urinary nitrate 
was higher with nitrate than no nitrate by 25 [0, 90] mg/L 
(p = 0.008), a more than doubling in concentration in the 
treatment group (Supplementary Information Table 7).

Clinical outcomes

Although we had originally intended to perform statistical 
comparisons between the randomised groups with adjust-
ment for clustering on the basis that we had recruited 30 care 
homes, this plan was dropped when only six care homes fol-
lowed up residents. As a result, the ICC was not estimated. 
Hence, we provide only descriptive results for the primary 
and secondary outcomes (Table 2). The ordinal primary out-
come was measured in 48 of the 49 participating residents; 
a resident in a care home that only recruited one participant 
never received treatment or had follow-up performed. Fol-
lowing randomisation, no residents died during the 60 days 

of treatment, five (10%) were admitted to hospital, 11 (23%) 
had an infection with the resident remaining in the care 
home but needing healthcare support, none had an infection 
with the resident remaining in the care home and needing no 
healthcare support, and 32 (67%) had no infection (Table 2). 
A majority of infections were from the urinary tract with 
respiratory and cutaneous sources also present; no cases of 
COVID-19 or influenza were recorded. Causes for hospitali-
sation included infection, myocardial infarction, fall, need 
for thickener for dysphagia and having swallowed dentures. 
Secondary clinical outcomes were recorded in most resi-
dents at 60 days (Table 2).

Serious adverse events (SAEs) and adverse events were 
diverse in nature and were, with the exception of one AE, 
only reported by care homes randomised to nitrate (Table 3).

When assessed by individual care homes, it appeared 
that most primary outcome events, SAEs and AEs were 
reported by one home (labelled A, Table 4) that had been 
randomised to nitrate juice; two other homes randomised 
to nitrate reported few events (labelled B, C). Few clini-
cal events were reported by the two homes randomised to 
nitrate-free juice (labelled E and F).

Dietary nitrate/nitrite intake

Taking account of food nitrate and nitrite content [22], nitrate 
content in drinking water and the World Health Organiza-
tion nitrate acceptable daily intake (ADI) of 0.6 mmol/
kg (3.7 mg/kg) body weight and nitrite of 0.0015 mmol/
kg (0.07 mg/kg) [23–25], and assuming a 60 kg care home 
resident, mean dietary nitrate and nitrite intake were low at 
29.8% and 10%, respectively (Table 2).

Vaccinations

Most (82%) residents had received one vaccination at base-
line, and this rose to 96% by end of follow-up at day 90. Fur-
ther, a majority (26, 57%) of residents had received double 
vaccination by day 90 (Supplementary Information Table 6). 
Both Astra-Zeneca and Pfizer vaccines were used. Almost 
all (44, 96%) residents had received influenza vaccination 
prior to baseline.

Trial challenges

Apart from lack of UPH badging and so delayed ethics 
approval, multiple other challenges occurred (Supplemen-
tary Information Table 8). Importantly, three care homes 
withdrew, one when the owner overruled the manager’s 
decision to participate and two when the manager left, and 
their replacement did not wish to participate. One of these 
care homes had already been randomised and received but 
not unpacked juice; for efficiency, the juice was passed onto 
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the final recruited care home. At the care home level, two 
protocol violations occurred, with juice being started before 
consent in one and before baseline data had been collected 
in the other; these care homes were retrained on the key 
importance of consent and baseline data collection.

Four care home managers reported back on their experi-
ences after trial end (Supplementary Information Table 9). 
Most felt it had been important to have taken part in the 

trial and that data collection volume was appropriate. All 
had diluted the beetroot juice in apple juice for reasons of 
palatability.

Table 2  Clinical outcomes

Data are number (%), median (interquartile range] or mean (standard deviation)
† Estimated from symptoms

All Nitrate Placebo
Number of Residents 48 27 21

Efficacy outcome 48 27 21
Worst event – – –
 No event 32 (66.7) 14 (51.9) 18 (85.7)
 Infection 0 (0.0) 0 (0.0) 0 (0.0)
 Infection healthcare advice 11 (22.9) 10 (37.0) 1 (4.8)
 Hospitalised, all cause 5 (10.4) 3 (11.1) 2 (9.5)
 Died, all cause 0 (0.0) 0 (0.0) 0 (0.0)

Secondary outcomes
First event – – –
 No event 32 (66.7) 14 (51.9) 18 (85.7)
 Infection 0 (0.0) 0 (0.0) 0 (0.0)
 Infection healthcare advice 12 (25.0) 11 (40.7) 1 (4.8)
 Hospitalised, all cause 4 (8.3) 2 (7.4) 2 (9.5)
 Died, all cause 0 (0.0) 0 (0.0) 0 (0.0)

First hospitalisation or death, time to 5 (10.4) 3 (11.1) 2 (9.5)
First infection, time to 14 (29.2) 13 (48.1) 1 (4.8)
 Respiratory tract 1 (2.1) 1 (3.7) 0 (0.0)
 Influenza† 0 (0.0) 0 (0.0) 0 (0.0)
 COVID–19† 0 (0.0) 0 (0.0) 0 (0.0)
 Norovirus† 0 (0.0) 0 (0.0) 0 (0.0)
 Urinary tract† 11 (22.9) 10 (37.0) 1 (4.8)
 Cutaneous† 1 (2.1) 1 (3.7) 0 (0.0)
 Other 1 (2.1) 1 (3.7) 0 (0.0)

Number of infections 0.0 [0.0, 1.0] (n = 48) 0.0 [0.0, 1.0] (n = 27) 0.0 [0.0, 0.0] (n = 21)
Disposition (%)
 Care home 44 (97.8) 26 (96.3) 18 (100.0)
 Home alone or with relative/friend 1 (2.2) 1 (3.7) 0 (0.0)
 At another home 0 (0.0) 0 (0.0) 0 (0.0)
 In hospital 0 (0.0) 0 (0.0) 0 (0.0)
 Died 0 (0.0) 0 (0.0) 0 (0.0)

Clinical scores
Clinical frailty scale (/9) 7.0 [5.5, 7.0] (n = 44) 7.0 [6.0, 7.0] (n = 27) 6.0 [4.0, 7.0] (n = 17)
Barthel index (/100) 40.0 (29.0) (n = 44) 40.9 (29.8) (n = 27) 38.5 (28.4) (n = 17)
6 item cognitive impairment (/28) 28.0 [20.5, 28.0] (n = 44) 28.0 [23.0, 28.0] (n = 27) 28.0 [19.0, 28.0] (n = 17)
Quality of life, EQ–5D–5L HSUV (/1) 0.5 (0.3) (n = 44) 0.5 (0.3) (n = 27) 0.6 (0.3) (n = 17)
Quality of life, EQ–VAS (/100) 60.5 (15.4) (n = 44) 58.3 (17.0) (n = 27) 63.9 (12.1) (n = 17)
Tolerability, > 70% of shots 19 (42.2) 14 (51.9) 5 (27.8)
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Discussion

Our study was designed to test the feasibility of perform-
ing a trial of nitrate supplementation to prevent infections 
in care homes and assess whether there was any signal of 
efficacy. Unfortunately, the trial failed to recruit the target 
of 30 care homes since its start was severely delayed dur-
ing the autumn of 2020 and interested care homes with-
drew. Nevertheless, some care homes and residents were 
recruited, beetroot juice was tolerated, and outcomes were 
recorded. Nitrate-containing beetroot juice significantly 
increased urinary nitrate and both salivary nitrate and 
nitrite concentrations in before-after analyses and, for uri-
nary nitrate, when compared with placebo. However, the 
paucity of data precluded statistical analyses of the main 
outcomes and so proof of concept could not be tested. A 
majority of infections were localised to the urinary tract 
and no cases of COVID-19 or influenza were recorded, 
presumably reflecting high vaccination rates against these 
viruses.

The UK’s Urgent Public Health badging system has been 
lauded since it prioritised and made possible trials and other 
studies considered to have a reasonable probability of assess-
ing the epidemiology of SARS-CoV-2 and of developing 
new treatments and diagnostics for COVID-19; examples 
include the VIVALDI [26] and CONDOR [27] studies in 
care homes and RECOVERY [28] trial in hospitals. How-
ever, the UPH system has also been criticised for prevent-
ing other COVID-19 related studies through lack of badg-
ing and delaying or abandoning of non-COVID-19 related 
research. The implication for BEET-Winter of not achiev-
ing UPH badging was to delay ethics approval by 7 weeks 
from late summer and before the second/wild-type wave to 
during the UK’s alpha wave of COVID-19 at which time 
care homes were focussing on protecting and caring for resi-
dents and managing staff sickness. Unsurprisingly, although 
a sufficient number of care homes had originally expressed 
interest, we were left with only 20% of these who delivered 
the trial. Hence, as a feasibility trial, BEET-Winter demon-
strated that it was challenging to recruit during the pandemic 

Table 3  Serious adverse events 
and adverse events, by type

Data are number (%)

Events Residents

Nitrate Placebo Nitrate N = 27 Placebo
N = 21

SAEs
 Agitation 2 (11.8) 0 (0.0) 2 (7.4) 0 (0.0)
 Blocked ears 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Confusion 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Constipation 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Dementia 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Fall 2 (11.8) 0 (0.0) 1 (3.7) 0 (0.0)
 Fluid retention 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Hallucinations 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Hypertension 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Medications increased 2 (11.8) 0 (0.0) 1 (3.7) 0 (0.0)
 Medications lowered/stopped 3 (17.6) 0 (0.0) 2 (7.4) 0 (0.0)
 Rash 1 (5.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Total 17 0 9 (33.3) 0 (0.0)

Adverse events
 Blister 1 (3.4) 0 (0.0) 1 (3.7) 0 (0.0)
 Faecal impaction 1 (3.4) 0 (0.0) 1 (3.7) 0 (0.0)
 Fall 8 (27.6) 0 (0.0) 6 (22.2) 0 (0.0)
 Fluid retention 1 (3.4) 0 (0.0) 1 (3.7) 0 (0.0)
 Put on thickener 0 (0.0) 1 (100.0) 0 (0.0) 1 (4.8)
 Rash 1 (3.4) 0 (0.0) 1 (3.7) 0 (0.0)
 Seizure 13 (44.8) 0 (0.0) 1 (3.7) 0 (0.0)
 Skinless area 2 (6.9) 0 (0.0) 1 (3.7) 0 (0.0)
 Urinary retention 1 (3.4) 0 (0.0) 1 (3.7) 0 (0.0)
 Vacant episode 1 (3.4) 0 (0.0) 1 (3.7) 0 (0.0)
 Total 29 1 11 (40.7) 1 (4.8)
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without UPH badging; this system should be revised in any 
future pandemic so as not to prevent or delay studies from 
running. Since care home residents were disproportionately 
affected by COVID-19, it is unfortunate that we could not 
test an easy to administer dietary-based and inexpensive 
potential broad-spectrum anti-microbial agent. However, the 
impediments to starting should not apply outside a pandemic 
and so we anticipate that a trial testing the wider effects of 
dietary nitrate supplementation should be feasible.

Assessment of dietary nitrate intake using standard food 
composition tables is challenging [29], whilst recording 
dietary intake in nursing home residents is particularly 
demanding [30]. Nevertheless, care home residents appear 
to have a low dietary nitrate/nitrite intake that is less than 
30% of acceptable daily intake, in part because high nitrate-
containing foods such as leafy vegetables [22] are not promi-
nent in menus and in part because food waste is high with 
leftovers on plates (14–25%) [19]. Hence, it is unsurprising 
that nitrate supplementation with beetroot juice significantly 
increased both salivary nitrate/nitrite and urinary nitrate 
concentrations, as has been reported previously in younger 
adults [31, 32]; such increases are likely to reflect higher 
plasma nitrate and nitrite concentrations [33]. In a recent 
study, survivors of COVID-19 infection had lower serum 
nitrite levels than a control uninfected group [34]. As has 
been seen in numerous trials in volunteers and older people 
with diabetes and hypertension, care home residents were 
largely adherent to both nitrate-containing and nitrate-free 
beetroot juice provided it was diluted in apple juice.

A key feasibility criterion was to collect infection, hos-
pitalisation and fatal events and a third of residents had one 
of these. The paucity of data prevented us from comparing 
rates between the randomised groups. Further, many of these 
events as well as SAEs and AEs were reported by one home. 
Although event rates will vary between sites in any trial by 
chance, future trials will need to ensure thorough training so 
that common definitions of events are used and thus the pro-
pensity for differential reporting is reduced. Nevertheless, 
this observation does not detract from the possibility that 
dietary nitrate supplementation was associated with more 
events, SAEs and AEs, a question for a future trial.

Some of the technical difficulties faced with this trial rep-
licate recurrent challenges seen in care home research. There 
is no care home research infrastructure in the UK outside of 
the Enabling Research in Care Homes (EnRICH) network 
[35], which focusses mainly on raising awareness of research 
and enabling co-operation with the care home sector. Care 
home staff are not routinely trained in Good Clinical Prac-
tice, many are research-naïve, and staff are substantially 
stretched to provide routine day-to-day care, even without 
the imposition of research. We have demonstrated with pre-
vious trials [36], and through this feasibility study, that these 
difficulties can be overcome through careful trial design. 
However, the superimposition of the COVID-19 pandemic 
rendered the research climate in care homes even more chal-
lenging with staff shortages, increased staff turnover and 
an increased burden of infection control activities that left 
even less time for research. We can reasonably assert that the 

Table 4  Capacity, outcomes and 
SAEs by each randomised care 
home

Data are number (%)
† Care home was randomised and collected baseline data, but no juice administered, and no outcomes col-
lected since care home chain decided home should not be in study
‡ 1 resident died prior to completion of consent so excluded. One resident had consultee assent which was 
then withdrawn prior to baseline
§ Manager left and replacement did not want care home to participate so no baseline or outcome data col-
lected, or juice administered

Randomised group Nitrate No nitrate

Care home A B C D† E F‡ G§

Participating residents 8 12 7 1 13 8 5
 Lacked capacity (%) 4 (50) 12 (100) 6 (86) 0 (0) 12 (92) 7 (88) 1 (20)

Primary outcome, day 60
 No event 1 (13) 8 (67) 5 (71) – 11 (85) 7 (88) –
 Infection 0 (0) 0 (0) 0 (0) – 0 (0) 0 (0) –
 Infection healthcare advice 5 (63) 3 (25) 2 (29) – 1 (8) 0 (0) –
 Hospitalised, all cause 2 (25) 1 (8) 0 (0) – 1 (8) 1 (13) –
 Died, all cause 0 (0) 0 (0) 0 (0) – 0 (0) 0 (0) –

Falls, number of residents (%) 3 (38) 3 (25) 0 (0) – 0 (0) 1 (13) –
Serious adverse events (healthcare input) 8 (100) 1 (8) 0 (0) – 0 (0) 0 (0) –
Adverse events (no healthcare input) 4 (50) 7 (58) 0 (0) – 0 (0) 1 (13) –
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objectives of this study would have been easier to achieve 
outside the context of the pandemic.

Having a cluster rather than individual randomised trial 
has both advantages and disadvantages. Cluster designs are 
especially relevant to care home trials since they reduce the 
risk of bias due to contamination [36], facilitate recruitment, 
enable the management and delivery of the intervention, and 
ease identification of serious adverse events in comparison 
with individual randomisation. Further, they most reflect the 
manner that prophylactic interventions will be used in care 
homes, i.e. for most residents. We have completed two clus-
ter randomised trials in care homes, FICH [37] and FinCH 
[36, 38] and so elected to use a cluster trial design. Nev-
ertheless, cluster randomisation leads to much larger trials 
than those using simple randomisation. In retrospect, it can 
be argued that we should have used individual randomisa-
tion with a resulting smaller sample size whilst accepting 
the relative weaknesses of this study design in a closed care 
home environment.

The strengths of this trial are the double-blind placebo-
controlled design and assessment of resident dietary nitrate 
intake, juice tolerability in older people and effects on sali-
vary and urinary nitrate/nitrite concentrations. Although 
long-term care sectors differ between countries, the COVID-
19 pandemic has affected them similarly. If an evaluation of 
our intervention proved it to be effective, it is likely that such 
findings would be generalisable.

However, there are several caveats. First, we under-
recruited care homes and so residents; this precluded statisti-
cal analysis that might have supported proof of concept. Sec-
ond, there may have been differential care home reporting 
of outcomes and SAEs. Use of central routine data collec-
tion would remove this potential source of bias. Third, most 
reported infections were urinary tract infection, a notoriously 
unreliable diagnosis to make without laboratory support. 
Use of a multiplex approach might improve diagnosis and 
identification of the pathogen; a similar approach would help 
identification of microbes causing respiratory tract infection. 
Last, the use of a cluster design meant that far more care 
homes and residents were needed than if randomisation had 
been at the level of individuals.

Conclusions

In summary, BEET-Winter tested the hypothesis that enhanc-
ing dietary inorganic nitrate intake might reduce care home 
infection rates during the winter, including COVID-19 and 
influenza rates. The trial started later than planned and during 
an active phase of the COVID-19 pandemic so that too few 
care homes, and so residents, were recruited. As a result, we 
were not able to test proof of concept and will need to repeat 
this assessment. However, the low dietary nitrate intake seen 

in care homes and increase in salivary and urinary concen-
trations seen with supplementation mean that antimicrobial 
effects should be obvious if preclinical and phase II-equivalent 
evidence of the effect of NO donors on bacteria and viruses [5] 
translates clinically. Since NO donors have vasculoprotective 
effects, and potential benefits on cognition, a larger trial might 
include these in a combined outcome. Nevertheless, adequate 
training will need to be performed with care home staff to 
reduce differential reporting of outcomes and SAEs.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s41999- 022- 00714-5.
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