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  Study question  What is the effectiveness of physical 
activity monitor (PAM) based interventions among 
adults? 

  Methods  For this systematic review and meta-
analysis, the electronic databases Medline, Embase, 
SPORTDiscus, CINAHL, and the Cochrane Central 
Register of Controlled Trials were searched for 
randomised controlled trials comparing interventions 
in which adults received feedback from PAMs with 
control interventions in which no feedback was 
provided. Two reviewers independently extracted 
data and assessed risk of bias. The results were 
synthesised using random effects meta-analyses. 
The certainty of evidence was rated by the Grading 
of Recommendations Assessment and Evaluation 
(GRADE) approach. The three primary outcomes of 
interest were physical activity, moderate to vigorous 
physical activity, and sedentary time. 

ORIGINAL RESEARCH Systematic review and meta-analysis

  Study answer and limitations  121 randomised 
controlled trials with 141 study comparisons, including 
16 743 participants, were included. The PAM based 
interventions showed a moderate effect on physical 
activity, equivalent to 1235 daily steps; a small effect 
on moderate to vigorous physical activity, equivalent to 
48.5 weekly minutes; and a small insignificant effect 
on sedentary time, equal to 9.9 daily minutes. The 
certainty of evidence was low for the effect on physical 
activity, and moderate for the effect on moderate to 
vigorous physical activity and sedentary time. The effect 
on physical activity and moderate to vigorous physical 
activity is well established but might be overestimated 
owing to publication bias. 

  What this study adds  This study provides evidence for 
using PAMs for enhancing physical activity and moderate 
to vigorous physical activity at a time when large, 
feasible, and scalable interventions are urgently needed.  
  Funding, competing interests, and data sharing  
This project received funding from the European Union’s Horizon 

2020 research and innovation programme. No competing 

interests reported. The dataset is available from the corresponding 

author on reasonable request. 

Systematic review   registration  PROSPERO CRD42018102719. 
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  Indirect effects of the   Indirect effects of the 
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childhood infection in England childhood infection in England 
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 Cite this as:  BMJ  2022;376:e067519 

 Find this at doi: 10.1136/bmj-2021-067519    

  Study question  What is the impact of the 
covid-19 pandemic on hospital admission 
rates and mortality outcomes for respiratory 
infections, severe invasive infections, and 
vaccine preventable disease among children in 
England? 

  Methods  This study of 19 childhood infections 
compared hospital admission rates and 
mortality outcomes before and after the onset 
of the covid-19 pandemic in England. Hospital 

admission data for children aged 0-14 years 
were obtained for every NHS trust in England. 
These records were linked to national mortality 
data collected by the Office for National 
Statistics. The main outcome measures were 
numbers of hospital admissions for each 
infection from 1 March 2017 to 30 June 2021, 
percentage changes in the number of hospital 
admissions before and after 1 March 2020, and 
60 day case fatality outcomes before and after 
1 March 2020. 

  Study answer and limitations  After 1 March 
2020, substantial and sustained reductions 
in hospital admissions were found for all but 
one of the 19 infective conditions studied. 
Among the respiratory infections, the greatest 
percentage reductions were for influenza 

(mean annual number admitted between 
1 March 2017 and 29 February 2020 was 
5379 and number of children admitted from 
1 March 2020 to 28 February 2021 was 304, 
94% reduction, 95% confidence interval 89% 
to 97%), and bronchiolitis (from 51 655 to 
9423, 82% reduction, 79% to 84%). Among 
the severe invasive infections, the greatest 
reduction was for meningitis (50% reduction, 
47% to 52%). For the vaccine preventable 
infections, decreases ranged from 53% (32% 
to 68%) for mumps to 90% (80% to 95%) for 
measles. Reductions were seen across all 
demographic subgroups and in children with 
underlying comorbidities. Corresponding 
decreases were also found for the absolute 
numbers of 60 day case fatalities, although the 
proportion of children admitted for pneumonia 

 The covid-19 pandemic upended virtually 
all aspects of society, not least patterns of 
healthcare use. In their paper, Kadambari 
and colleagues report dramatic decreases 
in hospital admissions due to a range of 19 
childhood infections in UK children in the 
16 months after the start of the covid-19 
pandemic. 1  Almost all studied infections 
declined, including common respiratory 
viruses, vaccine preventable infections, and 
common bacterial infections. These fi ndings 
support and expand data from the United 
States showing major decreases in childhood 
respiratory viruses. 2  

 One surprising fi nding was the decrease in 
sporadic bacterial infections, osteomyelitis 
and septic arthritis, most commonly caused 
by  Kingella kingae ,  Staphylococcus aureus , and 
 Streptococcus pyogenes . Although progression 
from pathogen acquisition to symptomatic 

infection in bacterial musculoskeletal 
infections is not well understood, conditions 
such as acute haematogenous osteomyelitis 
probably begin with colonisation of mucosal 
sites with the causative pathogen. 3  Encounters 
with such pathogens were probably less 
frequent during the study period. 

 Another fi nding of interest was that 
although the absolute number of hospital 
admissions for pneumonia decreased by 
60% during the pandemic, the proportion of 
patients admitted for pneumonia who died 
within 60 days increased from 1% to 2%, 
with an adjusted odds ratio of 1.71. While this 
could be secondary to disruptions in care due 
to a healthcare system under pressure, these 
data could also refl ect changes in clinical 
practice; for example, children with less severe 
pneumonia being managed outside hospital. 
Reassuringly, no increases in mortality were 
observed for children admitted with any other 
infection type. 

 Some limitations must be acknowledged 
when interpreting this study. First, it is diffi  cult 
to determine if some illnesses that might have 
ordinarily resulted in hospital admission were 
managed as outpatients. Second, Kadambari 
and colleagues’ analyses relied on ICD-10 
(international classifi cation of diseases, 10th 
revision) codes of clinical diagnoses, but there 
is no reason to suspect that their fi ndings can 
be attributed to changes in coding accuracy. 

 If decreased care seeking were the primary 
driver of the reduction in infection related 

hospital admissions reported here, we might 
expect a corresponding rise in infection related 
mortality, particularly with life threatening 
infections. In fact, other UK studies show 
an overall 10% decrease in child mortality 
and 51% decrease in infection related child 
mortality during the fi rst year of the covid-19 
pandemic. 6  

 Early in the pandemic, healthcare avoidance 
and limitations on access probably led to a 
decrease in the diagnosis of certain infections, 
but convincing evidence now suggests that the 
apparent decreases shown here and elsewhere 
refl ect true decreases in the incidence of 
infectious diseases. 

 These gains are likely to be temporary. 
Seasonally circulating viruses rely on growth in 
the size of the susceptible population caused 
by waning protective immunity in previously 
exposed people and the introduction of 
unexposed infants to that population. This 
might explain an unexpected outbreak of 
respiratory syncytial virus in the northern 
hemisphere during summer 2021, including 
in the UK, 7  because children and infants had 
almost no exposure to respiratory syncytial 
virus due to lockdown measures in the 
preceding 15 months. As measures such 
as lockdowns, mask mandates, and social 
distancing ease, there will probably be an 
increase in the incidence of primarily, but not 
exclusively, viral infections. 

 Economists often referred to a pent-up 
demand for goods and services as lockdown 
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who died within 60 days increased (age-sex 
adjusted odds ratio 1.71, 95% confidence 
interval 1.43 to 2.05). More recent data 
indicate that some respiratory infections 
increased to higher levels than usual after May 
2021. The study did not cover patients who 
were managed solely in primary care, at home, 
or in emergency department and outpatient 
settings. 

  What this study adds  Substantial overall 
reductions in hospital admissions were found 
for respiratory, severe invasive, and vaccine 
preventable infections in children during the 
covid-19 pandemic in England. Corresponding 
decreases were also found for absolute 
numbers of deaths within 60 days of hospital 
admission. 
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measures eased in Europe and North America 
during mid-2021. We might also see a similar 
catching up of common viral and bacterial 
infections, exacerbated by pandemic 
induced disruption of routine immunisation 
programmes, 8  resulting in a continued and 
unpredictable strain on healthcare systems. 

 Kadambari and colleagues’ study and others 
show that societies have greater control over 

the incidence of a wide range of infectious 
diseases than previously appreciated. 
Interventions that once seemed far-fetched—
universal mask wearing, protracted school and 
childcare closures, and travel restrictions—
were implemented during the covid-19 
pandemic.    

 Understanding which mitigation 
strategies were most eff ective is key to 

reopening safely. As many mitigation 
measures are relaxed globally, controlled 
epidemiological studies to determine which 
interventions provide the greatest benefi t for 
a wide range of infectious diseases should 
be a research priority.     

 Cite this as:  BMJ  2022;376:n3093 

Find the full version with references at 
http://dx.doi.org/10.1136/bmj. n3093 

  Funding, competing interests, and data sharing  Funded by Public Health England, Health Data Research UK, and 

National Institute for Health Research Oxford Biomedical Research Centre. 

Competing interests given on bmj.com. 

The dataset can be obtained by applying to NHS Digital. Updated analyses available online 

( https://www.ctsu.ox.ac.uk/research/indirect-effects-of-the-covid-19-pandemic-on-childhood-infection-in-england ). 



146 29 January 2022 | the bmj

The BMJ  is an Open Access journal. We set no word limits on BMJ research articles but they are abridged for print. 
The full text of each BMJ research article is freely available on bmj.com. 
The online version is published along with signed peer and patient reviews for the paper, and a statement about how the authors will share 
data from their study. It also includes a description of whether and how patients were included in the design or reporting of the research.
The linked commentaries in this section appear on bmj.com as editorials. Use the citation given at the end of commentaries to cite an article 
or find it online.

  Vitamin D and marine  Vitamin D and marine 
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  Study question  Do vitamin D and marine 
derived long chain omega 3 fatty acids reduce 
the risk of autoimmune disease? 

  Methods  This nationwide, randomised 
controlled trial in the United States (vitamin 
D and omega 3 trial: VITAL) enrolled 12 786 
men who were at least 50 years old and 
13 085 women who were at least 55 years 
old. Participants were given vitamin D (2000 
IU/day) or matched placebo, and omega 
3 fatty acids (1000 mg/day) or matched 
placebo. Participants self-reported new onset 
rheumatoid arthritis, polymyalgia rheumatica, 

ORIGINAL RESEARCH     VITAL randomised controlled trial
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autoimmune thyroid disease, psoriasis, and 
all other autoimmune diseases from baseline 
to a median of 5.3 years of follow-up; these 
diseases were confirmed by medical record 
review. Cox proportional hazard models tested 
the effects of vitamin D and omega 3 fatty acid 
supplementation on autoimmune disease 
incidence. 

  Study answer and limitations  For the vitamin 
D arm, 123 participants in the treatment group 
and 155 in the placebo group had a confirmed 
autoimmune disease (hazard ratio 0.78, 95% 
confidence interval 0.61 to 0.99, P=0.05). In 
the omega 3 fatty acids arm, 130 participants 
in the treatment group and 148 in the placebo 
group had a confirmed autoimmune disease 
(0.85, 0.67 to 1.08, P=0.19). Compared with 
the reference arm (vitamin D placebo and 
omega 3 fatty acid placebo; 88 with confirmed 
autoimmune disease), 63 participants who 
received vitamin D and omega 3 fatty acids 
(0.69, 0.49 to 0.96), 60 who received only 

vitamin D (0.68, 0.48 to 0.94), and 67 who 
received only omega 3 fatty acids (0.74, 0.54 
to 1.03) had confirmed autoimmune disease. 
The relatively low number of participants with 
definite autoimmune disease limited statistical 
power to detect an effect on individual disease 
outcomes. 

  What this study adds  Vitamin D 
supplementation for five years with or without 
omega 3 fatty acids was associated with a 
reduction in autoimmune disease by 22%, 
whereas omega 3 fatty acids with or without 
vitamin D were associated with a reduction in 
autoimmune disease by 15% (not statistically 
significant). 
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