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ABSTRACT
Objective
Non-pharmaceutical interventions (NPIs) have been introduced to control SARS-CoV-2 
infections, we provide individual-level empirical evidence of whether adherence reduces 
infections. 
Setting and participants
The Covid-19 Infection Study (CIS) was used from 10 May 2020 to 02 February 2021 with 
409,009 COVID-19 nose and throat swab tests nested in 72,866 households for 100,138 
individuals aged 18-64. 
Analysis
Odds ratios (ORs) for a positive COVID-19 test were calculated using multilevel logistic 
regression models, stratified by sex and time, by an index of autonomy to abide to NPIs, 
adjusted for various socioeconomic and behavioural covariates.
Results
Inability to comply with NPIs predicts higher infections when individuals reported not 
wearing a face-covering outside. The youngest 18-29 age groups had a significantly higher 
risk of infection, with larger households having significantly higher infections for women. 
Male smokers had a significantly lower risk. Effects varied over time with autonomy to 
follow NPIs only significant in the pre-second lockdown May- November 2020 period. 
Wearing a face covering outside was a significant predictor of lower chance of infection 
before mid-December 2020 when a stricter second lockdown was implemented. Black, Asian 
and minority ethnic groups were more likely to be infected. The random effects variance 
estimates were larger at the household than the individual level OR: 3.34 (95%CI 3.05 to 
3.63) versus OR: 1.02 (95% CI 0.78 to 1.26), suggesting that there is more unexplained 
variation in infection risk in households. 
Conclusion
The inability to comply with NPIs results in higher COVID infections only when individuals 
do not adhere to protective. Higher infection rates are in younger groups, women in large 
households and vary by time and type of lockdown restriction, with wearing a face-covering 
or mask outside the home consistently and significantly predicting lower infection among 
females and before the 2020 Christmas.  

Strengths and limitations of this study
 Our study is that it is to our knowledge the first large-scale study that links the reporting 

of individual and household level adherence to NPIs and their ability or challenges to 
adhere to actual measured infections. 

 This representative population-based study went beyond the self-reporting of SARS-
CoV-2 to use throat and swab SARS-CoV-2 positivity testing opposed to population-wide 
case data, which is subject to significant selection bias. This is also an advantage over 
other measures such as hospitalisation or death, which only pick up the most severe cases.

 By measuring infections in this manner, we are also able capture those who might be 
asymptomatic or whose infections are relatively mild.

 Although the dataset is the most representative data to date, some groups such as ethnic 
minorities (termed BAME in the UK) is still underrepresented in the sample. 

 Participation in the study is voluntary and thus self-selection bias may affect the results.
 Finally, as others have noted, we are unable to determine the sensitivity and specificity of 

the PCR test, but it is likely close to 100%.
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INTRODUCTION
Although most countries have introduced non-pharmaceutical interventions (NPIs) to lower 
the spread of infectious diseases such as SARS-CoV-2, there is limited empirical research on 
the relationship of adherence to infections or how an individuals’ autonomy or ability to 
follow measures relates to infections,[1]. To form evidence-based health policy, it is crucial 
to have empirical evidence that tests whether the adherence to NPIs is effective in reducing 
infection. The lack of compliance to NPIs has been generally positioned as an attitude or 
choice,[2], but it may be related to the inability to follow measures and exacerbate existing 
health inequalities. This includes employment that does not accommodate working at home, 
the necessity to take public transport, or being in workplaces or households where 
recommended social distancing is not possible.

Due to data limitations, existing research examining the effects of NPIs on COVID-19 related 
outcomes has almost exclusively used aggregated data to model the correlation between the 
timing of various national, state or regional level NPIs with COVID-19 case rates,[1,3-6]. 
These types of studies risk producing an ecological fallacy, since the interpretation of 
statistical data about individuals are deduced from an inference for the group to which those 
individuals belong to,[1]. In the early stages of the pandemic in 2020, some simulations also 
estimated the potential ebb and flow of infections in relation to the introduction of various 
NPIs and how this might impact healthcare demands,[7]. There have been various systematic 
reviews and meta-analyses, some with mixed results, but generally demonstrating the 
protective nature of NPIs,[8,9]. Other studies examining the effectiveness of face coverings 
and masks have been largely carried out in health settings examining N95 or surgical masks, 
with critiques that findings cannot be transferred to community settings or do not properly 
control for confounders,[9].

Although a handful of individual-level studies more directly examined the relationship 
between individual adherence NPIs and individual-level case data of infections, they were 
carried out in the early stages of the pandemic, had small samples (1,000,[10] or 1,500 
cases,[11]), and used general NPI measures. A previous review concluded that although 
many studies have assessed NPIs, few were able directly examine or quantify their 
impact,[12]. We aimed to measure the association between COVID-19 infections and the 
autonomy to follow NPIs, key sociodemographic factors, and changes over time, using 
individual- and household-level data in a large nationally representative sample in the UK 
collected over almost one year from May 2020 to February 2021.  

METHODS
Study design and participants
The Covid Infection Study (CIS) is one of the largest regular surveys of coronavirus 
infections and antibodies,[13]. The CIS has been used to examine multiple aspects of the 
pandemic and to monitor community prevalence of SARS-CoV-2 infection,[14]. Samples, 
demographic information and a short questionnaire are collected from individuals aged 2 and 
older living in private households in England, randomly selected from address lists and the 
Office of National Statistics (ONS) surveys. It is a repeated household survey with additional 
serial sampling and longitudinal follow-up. Data includes a questionnaire and nose and throat 
swabs. If multiple household members agreed to participate, a home visit was made to collect 
information. Following the first visit, participants who agree, are visited every week for the 
first five weeks and then receive optional monthly visits. All study protocol and 
questionnaires are available online (https://www.ndm.ox.ac.uk/covid-19/covid-19-infection-
survey).
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A positive COVID-19 test was determined from nose and throat swabs using the TaqPath 
RT-PCR COVID-19 kit (Thermo Fisher Scientific, Waltham, MA, USA), analysed using 
UgenTec Fast Finder 3.300.5 (TaqMan 2019-nCoV assay kit V2 UK NHS ABI 7500 v2.1; 
UgenTec, Hasselt, Belgium), described in detail in the sources listed above. Tests are 
considered positive when at least one gene is present – N, ORF1ab, or both – but could be 
accompanied by the gene for S protein (detection of S protein alone is not considered 
reliable),[14]. For the analyses in this study, the Covid-19 Infection Study (CIS) from 10 May 
2020 to 02 February 2021 was used with 409,009 valid COVID-19 tests from nose and throat 
swabs nested in 72,866 households for 100,138 individuals aged 18-64 years. 

Statistical analysis
We estimated the likelihood of testing positive for SARS-CoV-2 from nose and throat swabs 
using three-level multivariate multilevel logistic regression models, also stratified by sex and 
time period. The outcome is a positive Covid-19 test, with the main predictors of sex, Black, 
Asian or minority ethnicity (BAME), age group, visit date, household size, smoking status, 
region, occupation, days since contact with any COVID-19 positive person, compliance with 
wearing a face covering or mask and autonomy to comply with NPIs. 

Autonomy to adhere to NPIs is measured via the sum of several situations that might limit the 
respondents’ ability to comply. Each situation is assigned points which is then summed into 
one index. These include that the respondent reports it is: 1) possible to work outside the 
home at least one day per week (1 point), 2) ‘easy to maintain 2 metres’ distance in 
workplace (0 points), 3) ‘relatively easy to maintain 2 metres’ distance in the workplace (1 
point), 4) ‘difficult to maintain 2 metres, but can be 1 metre’ in the workplace (2 points), 5) 
‘very difficult to be more than 1 metre away’ in the workplace (3 points), 6) a main working 
location that is ‘somewhere else (not your home)’ (1 point), 7) common to go to and from 
work/school by bus, coach or minibus (1 point); and, 8) work that involved direct contact 
with patients, clients, residents, service users or customers on a day-to-day basis (1 point). 
We included transportation by bus, coach or minibus only since sensitivity analyses that 
included other means of transportation such as underground, tram or motorbike, scooter, or 
car all showed a reverse correlation with other autonomy items and reduced the reliability of 
our autonomy index. The autonomy index passed the Cronbach’s alpha test with the 
reliability coefficient of 0.73.

To interpret the index, for instance, a person who reports working outside home for 5 days a 
week (+1), who working in a job where it is difficult to maintain 2 metre distancing, but can 
maintain 1 metre (+2) and whose main work location is not home (+1) and does not take 
public transportation of a bus (0’), but works directly with people (+1) will score 5 in 
autonomy. After summing the scores, we reverse coded the autonomy variable so that a lower 
score indicates low autonomy (i.e., more situations that limit the individuals’ ability to 
comply) and a higher autonomy score indicates a better ability to comply with NPIs. The 
range for the autonomy variable is from 0-7, with the person described in the previous 
example is scored 2 given reverse coding. 

Mixed-level logistic regression models were estimated with COVID-19 tests (level 1) nested 
within individuals (level 2) nested within households (level 3) with the outcome variable of 
COVID-19 positive infections. The main model estimates sex, ethnicity, age group, reporting 
to wear a face covering or mask, our autonomy to comply index and additional control 
variables. Model 2 adds an interaction term between autonomy to adhere and wearing a face 
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covering or mask. Model 3 is the same as model 2 but only includes females. Model 4 is the 
same as the main model but only includes males. We estimated sex-specific models since 
when we added the interaction term for men only in the model, the interaction terms were not 
significant, the model fit did not increase, and the main effect also disappeared. We therefore 
consider the interaction terms in the male model as an unnecessary control and only reported 
the main models for men. Next, we stratified the models by three periods that broadly reflect 
the various phases of restrictions in the UK of: 1) 10 May - November 04 (pre-lockdown 2), 
2) 05 November to December 19 (lockdown 2 'light version'), and 3) 20 December to Feb 02 
(Lockdown 2 stricter) (See Figure 1). These periods follow the general guidelines, which 
varied somewhat across the four nations of England, Scotland, Wales and Northern Ireland. 
For the first periods, we were able to fit the model with the interaction term, and for the 
second and third period we fit the main model without the interaction term for the same 
reason mentioned above in relation to sex. Occupation was not included in the models by 
time periods due to the small sample sizes in each categories.

Patient and public involvement
Patients and the public were not involved in the development of research questions, design of 
the study, recruitment, and conduct of the study, or dissemination of the study results.

RESULTS
We find that the level of autonomy to adhere to NPIs does not predict COVID-19 infection 
alone, rather the risk of infection is lessened when individuals comply to NPIs (Figure 2, or 
Table S1). Autonomy to comply with NPIs predicts higher infections (OR: 0.79; 95% CI 0.67 
to 0.92) when individuals do not engage in protective measures of wearing a face covering or 
mask outside. We visualise this interaction effect based on model 3 in Figure 3. The 
interaction effect is the most prominent among females.
The youngest 18-29 year old age groups have a significantly higher odds of infection (OR 
1.17; 95%CI 1.00 to 1.37), with living in a larger household only related to a significantly 
higher odds of infection for women (OR: 1.04; 95%CI 1.02 to 1.06). Male smokers had a 
significantly lower risk (OR: 0.84; 95%CI 0.74 to 0·94]). This is in line with a recent review 
of 17 studies that also found that current smokers had a reduced risk of testing positive for 
COVID-19,[15]. 

To test whether our key predictors change in relation to key policy restrictions put in place to 
restrict infections, hospitalisation and deaths (Figure 1, or Table S2), we divided the analysis 
into three policy periods (available in our data) of: (1) 10 May 2020 – 04 November 2020 
(first lockdown to pre-second lockdown), (2) 05 November – 19 December (second 
lockdown and pre-Christmas period of ‘lockdown light’); and, (3) 20 December – 02 
February (stricter second lockdown with schools closed and introduction of Tier 4). Figure 1 
illustrates the clear time-lag between infections leading to deaths, with the expectation that 
this will be disrupted by vaccinations as time elapses. Black, Asian and minority ethnic 
groups are more likely to be infected, especially during the second lockdown (05 Nov-19 
December) (OR: 1.36; 95%CI 1.04 to1.79). 

Effects varied over the year with autonomy to follow NPIs only significant in the pre-Second 
lockdown period (May- November 2020). Wearing a face covering or mask outdoors was a 
significant predictor of a lower chance of infection before 19 December 2020 (OR: 0.44; 
95%CI 0.27 to 0.73) when a stricter second lockdown was implemented. One possible 
explanation is that the percentage of people not wearing face covering/masks was low and 
declined from 2% to 1% from May 2020 to Feb 2021. The variable may also be capturing 
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both the social environment (i.e., wearing a face covering may be influenced on the level of 
individuals wearing masks around you) and correlated health behaviours (i.e., those who 
wear face coverings are more cautious in other ways). 

In the full models, the random effects variance estimates were larger at the household level 
than at the individual level OR: 3.34 (95%CI 3·05 to 3·63) versus OR: 1.02 (95% CI 0.78 to 
1.26), suggesting that more unexplained variation in infection risk exists at the household 
level. This difference was smaller or non-existent in the sex-stratified models, with the 
residual intraclass coefficients also reflecting a loss of household information.

DISCUSSION
Using multivariate multilevel logistic regression models, we examined the relationship 
between individual adherence to NPIs and COVID-19 infection, controlling for key 
sociodemographic, behavioural and time-related policy changes. We found that autonomy to 
comply with NPIs predicts higher infections when individuals do not engage in other 
protective measures of wearing a face covering or mask outside their home. Our results 
suggest that engaging in protective behaviours such as face coverings can reduce the unequal 
effects of exposure to COVID-19, noted in previous literature reviews,[9]. Our findings 
emphasise the need to move to more complex models beyond comparing aggregated 
percentages of general population compliance to a more nuanced understanding that stratifies 
groups in meaningful ways to develop tailored health policy interventions and 
communications. We found that women living a larger household had a significantly higher 
risk of infection, reflecting more domestic and care duties and time in the household, but also 
multiple individuals leaving and returning the home from diverse environments.

The 18-29 year old age group had a significantly higher risk of infection, suggesting that this 
is an important group to consider given that many countries are engaging in age-related 
vaccine roll-outs. Effects varied over the year with autonomy to follow NPIs only significant 
in the pre-Second lockdown period (May- November 2020). This was a period where initially 
many UK governments were reluctant to introduce certain policy interventions, such as the 
relatively late introduction of face-coverings for the general public in late June or July 2020, 
first in public transport only,[2]. 

Wearing a face covering or mask outside the home was a significant predictor of a lower 
chance of infection before 19 December 2020 when a stricter second lockdown was 
implemented. BAME groups are more likely to be infected, especially during the second 
lockdown (05 Nov-19 December). We note, however, that although we see some period 
variation, given the overlap in CIs and the fact that we are not strictly testing a difference 
between the coefficients in our model, they are not statistically different. 

A strength of our study is that it is to our knowledge the first large-scale study that links the 
reporting of individual and household level adherence to NPIs and their ability or challenges 
to adhere to actual measured infections. This representative population-based study went 
beyond the self-reporting of SARS-CoV-2 to use throat and swab SARS-CoV-2 positivity 
testing opposed to population-wide case data, which is subject to significant selection bias. 
This is also an advantage over other measures such as hospitalisation or death, which only 
pick up the most severe cases. By measuring infections in this manner, we are also able 
capture those who might be asymptomatic or whose infections are relatively mild. Given the 
multilevel design based on a sample that was designed to be a random sample of households 
stratified by gender and time period, we also avoid problems in interpretation over this period 
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due to changes in testing practice. Another advantage is that we have longitudinal, regularly 
collected data over this period which allows us to examine changes in behaviour over time. 

Our study is also subject to several limitations. Although the dataset is the most 
representative data to date, some groups such as ethnic minorities (termed BAME in the UK) 
is still underrepresented in the sample. Whereas we have 7% BAME, amongst the UK 
population, around 14% are from a minority ethnic background. Therefore, our estimates may 
not reflect the full range of the population. The number of tests in the lockdown 2 ‘stricter 
version’ period is much smaller, meaning that we may not have the power to detect some 
effects. Participation in the study is voluntary and thus self-selection bias may affect the 
results. Finally, as others have noted, we are unable to determine the sensitivity and 
specificity of the PCR test, but it is likely close to 100%,[16].

The results we present here summarise key parts of the analyses we presented to senior 
decision makers in the UK over February – March 2021, in a context with rapidly evolving 
information and changes in vaccine deployment and other relevant policies. As the pandemic 
evolves and politicians and civil servants continue to make difficult decisions on lifting or re-
instating NPIs, this study provides novel and nuanced evidence of the relationship of 
autonomy to follow NPIs with infection varies and where support or public communication 
could be directed.

CONCLUSION
Many countries introduced multiple non-pharmaceutical interventions (NPIs) to control 
COVID-19 infections, hospitalization and deaths and will continue to implement them during 
vaccine roll-outs. There have been limited empirical studies using individual-level data to 
examine how individual adherence to NPIs predicts infections by sociodemographic factors, 
individual autonomy to abide by NPIs and how these relationships change over time in 
relation to different restrictions.

We move beyond aggregated figures showing macro correlations of NPI policy stringency 
with national-level COVID-19 outcomes, to produce individual- and household-level models 
that properly control for confounders, key sociodemographic and behavioural factors and 
changes in policy interventions over time. Using the Covid Infection Study (CIS) in the UK 
with almost one year of data from 10 May 2020 to 02 February 2021, with 409,009 valid 
COVID-19 tests nested in 72,866 households for 100,138 individuals aged 18-64 years, we 
estimate multivariate multilevel logistic regression models, stratified by sex and time-period. 
We create a novel index measuring individual autonomy to abide by NPIs index (i.e., ability 
to work at home and number of days at home, ability to maintain physical distancing at work, 
travel to work requires public transport, or work involves direct contact).

Although autonomy or inability to abide by NPIs is a significant predictor of higher infection 
rates amongst certain groups, it does not predict infection alone. Wearing a face covering or 
mask outside the home can reduce the unequal effects of exposure to COVID-19 due to 
individual and employment circumstances. Autonomy to follow NPIs was only a significant 
predictor of infection risk from May to November 2020 but those who reported wearing a 
face covering or mask outdoors significantly had lower rates of infection for individuals with 
lower level of autonomy between 10 May to 04 November and for all people between 05 
November to 19 December 2020.
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The results we present here summarise key parts of the analyses we presented to senior 
decision makers in the UK over February – March 2021, in a context with rapidly evolving 
information and changes in vaccine deployment and other relevant policies. As the pandemic 
evolves and politicians and civil servants continue to make difficult decisions on lifting or re-
instating NPIs, this study provides novel and nuanced evidence of the relationship of 
autonomy to follow NPIs with infection varies and where support or public communication 
could be directed.
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Figure 1. Timeline of key restrictions in England by COVID-19 cases (left) and deaths (right), January 01 2020 to March 08 2021

Note: JCVI (Joint Committee on Vaccination and Immunisation); AZ (Astra Zeneca). Graph produced by authors using policy data for England,17,18 and official UK Government data on 
COVID-19 cases and deaths,19 smoothed into 14 day rolling means. Deaths are in red (read from right axis) and cases in blue (read from left axis) with magnitudes representing smoothed 14 day 
rolling means and not cumulative figures. The restrictions shown here are for England and we note there was some variation in the detail of some policies and slight variation in timing in 
Scotland, England, Wales and Northern Ireland. 

Page 11 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054200 on 25 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

11

Figure 2. Three-level logistic regression models of COVID-19 positive tests, 10 May 2020 – 02 February 2021 by key fixed-effect predictors 
and interaction effects (see Appendix for full tables), ONS Covid Infection Study
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Figure 3. Association between infection and autonomy by level of compliance to wearing face covering/masks (estimates from Model 3).
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Figure 1. Timeline of key restrictions in England by COVID-19 cases (left) and deaths (right), January 01 
2020 to March 08 2021 

Note: JCVI (Joint Committee on Vaccination and Immunisation); AZ (Astra Zeneca). Graph produced by 
authors using policy data for England,17,18 and official UK Government data on COVID-19 cases and 

deaths,19 smoothed into 14 day rolling means. Deaths are in red (read from right axis) and cases in blue 
(read from left axis) with magnitudes representing smoothed 14 day rolling means and not cumulative 

figures. The restrictions shown here are for England and we note there was some variation in the detail of 
some policies and slight variation in timing in Scotland, England, Wales and Northern Ireland. 
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Figure 2. Three-level logistic regression models of COVID-19 positive tests, 10 May 2020 – 02 February 
2021 by key fixed-effect predictors and interaction effects (see Appendix for full tables), ONS Covid 

Infection Study 
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Figure 3. Association between infection and autonomy by level of compliance to wearing face 
covering/masks (estimates from Model 3). 

202x145mm (144 x 144 DPI) 

Page 16 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054200 on 25 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

1 
 

Table S1. Multilevel logistic regression models of Covid-19 testing positive, ONS Covid Infection Study 
Outcome: 
Test positive 

Model 1: Main effect Model 2: Interaction Model 3: Female only  with 
interaction 

Model 4: Male only main 
effect 

 

 
Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI 

Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI 

Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI 

Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI  

Female 0.90 0.81 0.99 0.90 0.81 0.99 - - - - - -  
BAME 1.17 1.00 1.37 1.17 1.00 1.37 1.17 0.95 1.46 1.23 0.99 1.53  
Age group (Ref = 60-64)  

18-29 1.52 1.28 1.82 1.52 1.28 1.82 1.58 1.23 2.04 1.40 1.09 1.81  
30-39 1.12 0.94 1.33 1.12 0.94 1.33 1.08 0.86 1.37 1.15 0.91 1.46  
40-49 1.17 0.98 1.40 1.17 0.98 1.40 1.21 0.96 1.53 1.08 0.86 1.37  
50-59 1.14 0.97 1.33 1.14 0.97 1.33 1.12 0.88 1.41 1.19 0.94 1.50  
Visit date 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02  
Autonomy 0.97 0.95 0.99 0.79 0.67 0.92 0.70 0.55 0.88 0.97 0.93 1.01  
Face covering or masks (Ref = not wearing face covering or mask)  
Yes my face is 
already covered 1.01 0.72 1.41 0.37 0.16 0.82 0.23 0.09 0.64 1.02 0.64 1.63  
Yes at 
work/school/other 
situations only 0.78 0.59 1.02 0.36 0.18 0.71 0.21 0.09 0.49 0.84 0.56 1.24  
Yes usually both 
work/school/other 0.70 0.53 0.92 0.29 0.15 0.56 0.18 0.08 0.41 0.71 0.48 1.05  
Autonomy x Face covering/masks (Ref = No face covering/mask) 
Autonomy x Yes my 
face is already 
covered - - - 1.28 1.08 1.53 1.48 1.14 1.91 - - - 
Autonomy x Yes at 
work/school/other 
situations only - - - 1.22 1.04 1.43 1.40 1.11 1.78 - - - 
Autonomy x Yes 
usually both 
work/school/other - - - 1.25 1.07 1.46 1.43 1.13 1.81 - - - 
Contact with COIVD-19 positive people (Ref = no contact)  
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0-14 days 13.74 12.45 15.15 13.74 12.45 15.15 15.03 13.10 17.24 17.64 15.38 20.23  
15-28 days 4.53 3.95 5.19 4.53 3.95 5.19 4.76 3.99 5.68 5.58 4.59 6.79  
29-60 days 1.62 1.38 1.89 1.62 1.38 1.89 1.63 1.32 2.03 2.05 1.62 2.60  
61-90 days 0.89 0.69 1.14 0.89 0.69 1.14 1.09 0.78 1.53 0.84 0.56 1.27  
91+ days 1.00 0.76 1.32 1.00 0.76 1.32 0.98 0.66 1.45 1.14 0.77 1.69  
Household size 1.02 0.98 1.06 1.02 0.98 1.06 1.04 1.02 1.06 1.01 0.95 1.07  
Smoke 0.90 0.82 1.00 0.90 0.82 1.00 0.93 0.83 1.05 0.84 0.74 0.94  
Region (Ref = Northeast)  

Northwest 1.32 1.07 1.64 1.32 1.07 1.64 1.22 0.93 1.61 1.36 1.02 1.83  
Yorks Humber 0.95 0.75 1.20 0.95 0.75 1.20 0.95 0.71 1.28 0.91 0.67 1.25  
East midlands 0.80 0.63 1.02 0.79 0.63 1.01 0.70 0.51 0.96 0.91 0.65 1.28  
West midlands 0.77 0.61 0.98 0.77 0.61 0.98 0.79 0.59 1.07 0.71 0.51 0.99  
East 0.54 0.43 0.68 0.54 0.43 0.68 0.53 0.39 0.71 0.52 0.38 0.71  
London 0.95 0.77 1.18 0.94 0.76 1.17 0.89 0.67 1.17 1.01 0.75 1.36  
South East 0.69 0.56 0.86 0.69 0.56 0.86 0.68 0.51 0.92 0.69 0.50 0.95  
South West 0.41 0.32 0.53 0.41 0.32 0.52 0.41 0.29 0.57 0.41 0.28 0.59  
Occupation (Ref = Health professionals)  
Corporate managers 
and directors 1.79 1.41 2.26 1.77 1.40 2.24 1.86 1.33 2.59 2.18 1.45 3.29  
Other managers and 
proprietors 2.46 1.87 3.24 2.41 1.83 3.17 2.05 1.36 3.10 3.00 1.91 4.72  
Science research 
engineering and 
technology 
professionals 1.51 1.15 1.98 1.49 1.13 1.96 1.11 0.68 1.80 2.01 1.31 3.10  
Teaching and 
educational 
professionals 1.60 1.32 1.95 1.58 1.30 1.93 1.43 1.13 1.81 2.12 1.40 3.20  
Business media and 
public service 
professionals 1.54 1.19 1.98 1.51 1.17 1.94 1.52 1.09 2.12 1.77 1.15 2.72  
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Science engineering 
and technology 
associate 
professionals 1.51 1.02 2.23 1.49 1.01 2.21 1.38 0.74 2.58 2.01 1.14 3.56  
Health and social 
care associated 
professionals 1.48 1.04 2.10 1.46 1.03 2.08 1.30 0.86 1.96 2.16 1.15 4.04  
Protective service 
occupations 1.82 1.33 2.49 1.80 1.32 2.47 2.59 1.62 4.14 1.86 1.16 2.98  
Culture media and 
sports occupations 1.46 1.05 2.04 1.43 1.03 2.00 1.62 1.05 2.49 1.46 0.84 2.53  
Business and public 
service associated 
professionals 1.73 1.37 2.19 1.72 1.36 2.17 1.62 1.18 2.21 2.18 1.45 3.29  
Administrative 
occupations 1.97 1.59 2.45 1.95 1.58 2.42 1.90 1.47 2.45 2.41 1.57 3.71  
Secretarial and 
related occupations 2.41 1.80 3.23 2.39 1.78 3.20 2.34 1.71 3.20 1.22 0.33 4.54  
Skilled agricultural 
and related trades 0.89 0.46 1.73 0.87 0.45 1.69 1.15 0.33 3.95 1.11 0.49 2.52  
Skilled metal 
electrical and 
electronic trades 2.25 1.68 3.02 2.20 1.64 2.96 2.92 0.78 10.84 2.80 1.86 4.23  
Skilled construction 
and building trades 2.41 1.76 3.30 2.36 1.73 3.23 0.48 0.05 5.06 3.32 2.16 5.11  
Textiles printing and 
other skilled trades 1.42 0.87 2.32 1.39 0.85 2.27 1.77 0.89 3.51 1.62 0.80 3.27  
Caring personal 
service occupations 2.03 1.64 2.52 2.01 1.62 2.50 1.93 1.53 2.45 2.75 1.68 4.48  
Leisure travel and 
related personal 
service occupations 1.84 1.17 2.89 1.82 1.16 2.86 1.43 0.80 2.58 4.31 2.00 9.25  
Sales occupation 1.95 1.51 2.52 1.92 1.48 2.47 1.72 1.25 2.35 3.06 1.88 5.00  
Customer service 
occupations 1.73 1.17 2.57 1.72 1.16 2.54 1.49 0.93 2.39 2.77 1.42 5.40  
Process plant and 
machine operatives 2.10 1.44 3.04 2.05 1.42 2.98 2.94 1.24 6.98 2.51 1.54 4.10  
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Transport and mobile 
machine driver and 
operatives 2.36 1.76 3.17 2.32 1.73 3.11 1.62 0.64 4.06 3.19 2.07 4.91  
Elementary trades 
and related 
occupations 2.75 1.53 4.94 2.69 1.49 4.85 2.92 0.54 15.73 3.53 1.78 7.00  
Elementary 
administration and 
service occupations 2.16 1.71 2.73 2.14 1.69 2.71 1.90 1.39 2.60 3.03 1.97 4.67  
Variance 
(Household) 3.34 3.05 3.63 3.34 3.05 3.63 2.38 1.64 3.12 2.00 0.94 3.06  
Residual intraclass 
correlation 
(Household) 0.44 0.41 0.47 0.44 0.41 0.47 0.32 0.23 0.42 0.27 0.15 0.43  
Variance 
(Individuals) 1.02 0.78 1.26 1.02 0.78 1.26 1.88 1.14 2.62 2.11 1.03 3.19  
Residual intraclass 
correlation 
(Individuals) 0.57 0.55 0.59 0.57 0.55 0.59 0.56 0.54 0.59 0.56 0.53 0.58  
N 409,009   409,009   217,920   191,089    
No. of household 72,866   72,866   50,405   44,822    
No. of participant 100,138   100,138   53,015   47,123    
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Table S2. Multilevel logistic regression models of Covid-19 testing positive by period, ONS Covid Infection Study 
Outcome: 
Test positive 

10 May 2020 - 04 Nov 2020 05 Nov 2020 - 19 Dec 2020 20 Dec 2020 - 02 Feb 2020 

 Odds Ratio 
Lower 95% 
CI 

Upper 95% 
CI Odds Ratio 

Lower 95% 
CI 

Upper 95% 
CI Odds Ratio 

Lower 95% 
CI 

Upper 95% 
CI 

Female 0.83 0.69 0.99 0.92 0.80 1.06 0.77 0.66 0.90 
BAME 1.27 0.89 1.81 1.36 1.04 1.79 0.97 0.72 1.30 
Age group (Ref = 60-64) 
18-29 1.80 1.22 2.67 1.26 0.92 1.72 1.68 1.18 2.39 
30-39 0.99 0.68 1.44 1.03 0.77 1.38 1.14 0.82 1.59 
40-49 0.85 0.59 1.24 1.07 0.80 1.44 1.36 1.00 1.87 
50-59 1.20 0.84 1.70 0.99 0.74 1.33 1.22 0.89 1.67 
Visit date 1.04 1.04 1.04 1.00 1.00 1.00 1.01 1.01 1.01 
Autonomy 0.58 0.36 0.92 0.98 0.94 1.02 0.96 0.92 1.00 
Face covering or masks (Ref = not wearing face covering or mask) 
Yes my face is already covered 0.27 0.04 1.90 0.59 0.34 1.03 1.38 0.59 3.20 
Yes at work/school/other 
situations only 0.30 0.05 1.71 0.50 0.31 0.82 0.64 0.33 1.22 
Yes usually both 
work/school/other 0.20 0.04 1.13 0.44 0.27 0.73 0.58 0.31 1.11 
Autonomy x Face covering/masks (Ref = No face covering/mask) 
Autonomy x Yes my face is 
already covered 1.73 1.04 2.89 - - - - - - 
Autonomy x Yes at 
work/school/other situations 
only 1.63 1.02 2.61 - - - - - - 
Autonomy x Yes usually both 
work/school/other 1.75 1.09 2.80 - - - - - - 
Contact with COIVD-19 positive people (Ref = no contact) 
0-14 days 14.01 11.30 17.38 15.03 12.35 18.28 27.66 21.02 36.39 
15-28 days 3.56 2.50 5.07 5.16 4.00 6.65 7.10 5.40 9.34 
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29-60 days 1.79 1.01 3.15 2.32 1.76 3.05 1.93 1.41 2.65 
61-90 days 1.73 0.44 6.83 1.15 0.65 2.03 1.20 0.81 1.77 
91+ days 0.90 0.38 2.14 1.23 0.69 2.22 1.15 0.75 1.77 
Household size 1.04 0.96 1.13 1.05 0.99 1.11 1.01 0.93 1.09 
Smoke 0.82 0.66 1.02 0.95 0.81 1.11 0.93 0.78 1.11 
Region (Ref = Northeast) 
Northwest 1.79 1.18 2.70 1.46 0.99 2.16 0.97 0.64 1.46 
Yorks Humber 1.25 0.81 1.92 1.32 0.89 1.96 0.36 0.22 0.59 
East midlands 0.73 0.45 1.20 1.15 0.75 1.77 0.52 0.32 0.85 
West midlands 0.55 0.34 0.90 0.91 0.61 1.38 0.76 0.49 1.20 
East 0.25 0.15 0.42 0.53 0.35 0.80 0.66 0.43 1.02 
London 0.55 0.35 0.87 0.85 0.58 1.26 1.36 0.92 2.02 
South East 0.35 0.22 0.56 0.70 0.47 1.06 0.89 0.59 1.34 
South West 0.29 0.16 0.51 0.45 0.28 0.72 0.34 0.21 0.55 
Variance (Household) 6.01 4.99 7.03 5.21 4.43 5.99 7.21 5.98 8.44 
Residual intraclass correlation 
(Household) 0.49 0.43 0.54 0.50 0.45 0.54 0.58 0.54 0.62 
Variance (Individuals) 3.04 2.16 3.92 2.03 1.34 2.72 1.94 1.16 2.72 
Residual intraclass correlation 
(Individuals) 0.73 0.70 0.76 0.69 0.65 0.72 0.74 0.70 0.77 
N 187453   142056   79500   
No. of household 54383   57203   47594   
No. of participant 73262   75682   60252   
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Figure S1 Visualization of Table 2 using selected key variables. 
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Table S3. Descriptive statistics N = 409,009 
 All    Male  Female  
 mean sd min max mean sd mean sd 
COVID-19 positive 0.0118  0 1 0.0120  0.0117  
Female 0.5328  0 1 0.0000  1.0000  
BAME 0.0766  0 1 0.0763  0.0770  
Age at visit 44.6401 (11.5266) 20 64 44.5303 (11.5765) 44.7364 (11.4819) 
Age group         
18-29 0.1269  0 1 0.1266  0.1271  
30-39 0.2146  0 1 0.2212  0.2088  
40-49 0.2650  0 1 0.2639  0.2659  
50-59 0.2949  0 1 0.2859  0.3029  
60+ 0.0986  0 1 0.1024  0.0953  
Autonomy 4.2061 (1.8174) 0 7 4.5345 (1.6413) 3.9181 (1.9129) 
Face mask         
No face mask 0.0149  0 1 0.0163  0.0137  
Yes my face is already covered 0.0290  0 1 0.0281  0.0297  
Yes at work/school/other situations 
only 0.4855  0 1 0.5054  0.4680  
Yes usually both work/school/other 0.4707  0 1 0.4502  0.4886  
Number of test 6.9757 (1.9761) 1 10+ 6.9541 (1.9721) 6.9946 (1.9794) 
Household size 2.6550 (1.1957) 1 10+ 2.7384 (1.2039) 2.5819 (1.1836) 
Work outside home days 3.0201 (2.0517) 0 7 3.1415 (2.1295) 2.9136 (1.9749) 
Contact with COVID-19 positive         
No contact 0.7911  0 1 0.8102  0.7743  
0-14 days 0.0834  0 1 0.0730  0.0925  
15-28 days 0.0384  0 1 0.0350  0.0413  
29-60 days 0.0441  0 1 0.0402  0.0475  
61-90 days 0.0189  0 1 0.0179  0.0198  
91+ days 0.0242  0 1 0.0238  0.0246  
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Work social distancing         
Easy to maintain 2m 0.4914  0 1 0.5602  0.4312  
Relatively easy to maintain 2m 0.1621  0 1 0.1818  0.1448  
Difficult to maintain 2m but can be 
1m 0.1362  0 1 0.1272  0.1440  
Very difficult to be more than 1m 0.2103  0 1 0.1309  0.2799  
Work location         
Working from home 0.2417  0 1 0.2561  0.2291  
Working somewhere else(not your 
home) 0.6186  0 1 0.5985  0.6362  
Both(from home and somewhere 
else) 0.1397  0 1 0.1454  0.1348  
Work travel method         
Underground/metro/light rail/tram 0.0252  0 1 0.0259  0.0246  
Train 0.0383  0 1 0.0443  0.0331  
Bus/minibus/coach 0.0266  0 1 0.0206  0.0318  
Motorbike/scooter or moped 0.0040  0 1 0.0071  0.0014  
Car or van 0.6985  0 1 0.6995  0.6977  
Taxi/minicab 0.0038  0 1 0.0037  0.0040  
Bicycle 0.0358  0 1 0.0470  0.0260  
On foot 0.1355  0 1 0.1181  0.1508  
Other method 0.0323  0 1 0.0339  0.0308  
Smoking 0.3007  0 1 0.3257  0.2788  
Work direct with patients 0.2184  0 1 0.1501  0.2783  
Occupation         
Corporate managers and directors 0.0787  0 1 0.1101  0.0512  
Other managers and proprietors 0.0371  0 1 0.0495  0.0263  
Science research engineering and 
technology professionals 0.0516  0 1 0.0842  0.0231  
Health professionals 0.0640  0 1 0.0275  0.0960  
Teaching and educational 
professionals 0.1065  0 1 0.0665  0.1416  
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Business media and public service 
professionals 0.0678  0 1 0.0796  0.0576  
Science engineering and technology 
associate professionals 0.0152  0 1 0.0203  0.0106  
Health and social care associated 
professionals 0.0178  0 1 0.0097  0.0250  
Protective service occupations 0.0210  0 1 0.0312  0.0121  
Culture media and sports occupations 0.0252  0 1 0.0266  0.0239  
Business and public service 
associated professionals 0.0812  0 1 0.0891  0.0743  
Administrative occupations 0.1023  0 1 0.0603  0.1391  
Secretarial and related occupations 0.0257  0 1 0.0031  0.0455  
Skilled agricultural and related trades 0.0080  0 1 0.0128  0.0037  
Skilled metal electrical and electronic 
trades 0.0303  0 1 0.0634  0.0013  
Skilled construction and building 
trades 0.0259  0 1 0.0537  0.0015  
Textiles printing and other skilled 
trades 0.0097  0 1 0.0123  0.0074  
Caring personal service occupations 0.0722  0 1 0.0188  0.1190  
Leisure travel and related personal 
service occupations 0.0094  0 1 0.0051  0.0132  
Sales occupation 0.0397  0 1 0.0263  0.0515  
Customer service occupations 0.0142  0 1 0.0096  0.0183  
Process plant and machine operatives 0.0149  0 1 0.0279  0.0036  
Transport and mobile machine driver 
and operatives 0.0261  0 1 0.0516  0.0038  
Elementary trades and related 
occupations 0.0044  0 1 0.0084  0.0009  
Elementary administration and 
service occupations 0.0511  0 1 0.0527  0.0497  
Region         
Northeast 0.0503  0 1 0.0483  0.0521  
Northwest 0.1435  0 1 0.1422  0.1446  
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Yorks Humber 0.1021  0 1 0.1019  0.1022  
East midlands 0.0776  0 1 0.0776  0.0775  
West midlands 0.0943  0 1 0.0960  0.0929  
East 0.1241  0 1 0.1262  0.1223  
London 0.1743  0 1 0.1759  0.1730  
South East 0.1474  0 1 0.1480  0.1469  
South West 0.0863  0 1 0.0840  0.0884  
N 409,009    191,089  217,920  
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title and 
abstract

Title #1a Indicate the study’s design with a commonly used term in the title or 
the abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

3

Objectives #3 State specific objectives, including any prespecified hypotheses 3

Methods

Study design #4 Present key elements of study design early in the paper 3-5
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Setting #5 Describe the setting, locations, and relevant dates, including periods 
of recruitment, exposure, follow-up, and data collection

3-5

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection 
of participants. Describe methods of follow-up.

3-5

Eligibility criteria #6b For matched studies, give matching criteria and number of exposed 
and unexposed

n/a

Variables #7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

3-5

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. Give 
information separately for for exposed and unexposed groups if 
applicable.

3-5

Bias #9 Describe any efforts to address potential sources of bias 3-5

Study size #10 Explain how the study size was arrived at 3-5

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

3-5

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

3-5

Statistical 
methods

#12b Describe any methods used to examine subgroups and interactions 3-5

Statistical 
methods

#12c Explain how missing data were addressed 3-5

Statistical 
methods

#12d If applicable, explain how loss to follow-up was addressed n/a

Statistical 
methods

#12e Describe any sensitivity analyses

3-5

Results
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Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 
included in the study, completing follow-up, and analysed. Give 
information separately for for exposed and unexposed groups if 
applicable.

5-6

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram

n/a

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for exposed and unexposed groups if 
applicable.

5-6

Descriptive data #14b Indicate number of participants with missing data for each variable of 
interest

n/a

Descriptive data #14c Summarise follow-up time (eg, average and total amount)

n/a

Outcome data #15 Report numbers of outcome events or summary measures over time. 
Give information separately for exposed and unexposed groups if 
applicable.

n/a

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make 
clear which confounders were adjusted for and why they were 
included

5-6

Main results #16b Report category boundaries when continuous variables were 
categorized

5-6

Main results #16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a
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Other analyses #17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

5-6

Discussion

Key results #18 Summarise key results with reference to study objectives 6-7

Limitations #19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and magnitude 
of any potential bias.

6-7

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

6-7

Generalisability #21 Discuss the generalisability (external validity) of the study results 6-7

Other 
Information

Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

1

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY. 
This checklist was completed on 04. June 2021 using https://www.goodreports.org/, a tool made by the 
EQUATOR Network in collaboration with Penelope.ai
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ABSTRACT
Objective
Non-pharmaceutical interventions (NPIs), including wearing face covering/masks, social 
distancing and working-from-home, have been introduced to control SARS-CoV-2 
infections. We provide individual-level empirical evidence of whether adherence reduces 
infections. 
Setting and participants
The Covid-19 Infection Study (CIS) was used from 10 May 2020 to 02 February 2021 with 
409,009 COVID-19 nose and throat swab tests nested in 72,866 households for 100,138 
individuals in the labour force aged 18-64. 
Analysis
Odds ratios (ORs) for a positive COVID-19 test were calculated using multilevel logistic 
regression models, stratified by sex and time, by an index of autonomy to abide to NPIs, 
adjusted for various socioeconomic and behavioural covariates.
Results
Inability to comply with NPIs predicted higher infections when individuals reported not 
wearing a face-covering outside. The main effect for inability to comply was OR: 0.79 (95% 
CI 0.67–0.92), for wearing face-covering/masks was OR: 0.29 (95% CI 0.15–0.56), and the 
interaction term being OR: 1.25 (95% CI 1.07–1.46). The youngest age groups had a 
significantly higher risk of infection (OR: 1.52, 95% CI 1.28–1.82) as did women in larger 
households (OR: 1.06, 95% CI 1.02–1.06). Effects varied over time with autonomy to follow 
NPIs only significant in the pre-second lockdown May–November 2020 period. Wearing a 
face-covering outside was a significant predictor of a lower chance of infection before mid–
December 2020 when a stricter second lockdown was implemented (OR: 0.44, 95% CI 0.27–
0.73). 
Conclusion
The protective effect of wearing a face-covering/mask was the strongest for those who were 
the most unable to comply with NPIs. Higher infection rates were in younger groups and 
women in large households. Wearing a face-covering or mask outside the home consistently 
and significantly predicted lower infection before the 2020 Christmas period and amongst 
women.  

Strengths and limitations of this study
 The first large-scale study that links individual and household level adherence to NPIs 

plus their autonomy to adhere with actual measured infections. 
 This representative population-based study went beyond the use of aggregated 

population-wide case data or individual self-reporting of SARS-CoV-2 to use individual 
throat and swab SARS-CoV-2 positivity testing.

 Our measure of infection captured those who might be asymptomatic or whose infections 
are relatively mild.

 Although the dataset is the most representative to date, some groups such as ethnic 
minorities (termed BAME in the UK) are still underrepresented in the sample. 

 Participation in the study is voluntary and thus self-selection bias may affect the results.
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INTRODUCTION
Although most countries have introduced non-pharmaceutical interventions (NPIs) to lower 
the spread of infectious diseases such as SARS-CoV-2, there is limited empirical research on 
the relationship of adherence to NPIs with infections or how an individuals’ autonomy or 
ability to follow NPI measures relates to infections,[1]. To form evidence-based health 
policy, it is crucial to have empirical evidence that tests whether the adherence to NPIs is 
effective in reducing infection. The lack of compliance to NPIs has been generally positioned 
as an attitude or choice [2], but it may be related to the inability to follow measures and thus 
exacerbate existing health inequalities. This includes employment that does not accommodate 
working at home, the necessity to take public transport, or being in workplaces or households 
where recommended social distancing is not possible.

Due to data limitations, existing research examining the effects of NPIs on COVID-19 related 
outcomes has almost exclusively used aggregated data to model the correlation between the 
timing of various national, state or regional level NPIs with COVID-19 case rates [1,3-6]. 
These types of studies risk producing an ecological fallacy, since the interpretation of 
statistical data about individuals are deduced from an inference for the group to which those 
individuals belong [1]. In the early stages of the pandemic in 2020, some simulations also 
estimated the potential ebb and flow of infections in relation to the introduction of various 
NPIs and how this might impact healthcare demands [7]. There have been various systematic 
reviews and meta-analyses, some with mixed results, but generally demonstrating the 
protective nature of NPIs [8,9]. Other studies examining the effectiveness of face coverings 
and masks have been largely carried out in health settings examining N95 or surgical masks, 
with critiques that findings cannot be transferred to community settings or do not properly 
control for confounders [9].

Although a handful of individual-level studies more directly examined the relationship 
between individual adherence to NPIs and individual-level case data of infections, they were 
carried out in the early stages of the pandemic, had small samples (1,000,[10] or 1,500 cases 
[11]), and used very general NPI measures. A previous review concluded that although many 
studies have assessed NPIs, few were able directly examine or quantify their impact [12]. We 
aimed to measure the association between COVID-19 infections and the autonomy to follow 
NPIs, key sociodemographic factors, and changes over time, using individual- and 
household-level data in a large nationally representative sample in the UK collected over 
almost one year from May 2020 to February 2021.  

METHODS
Study design and participants
The Covid Infection Study (CIS) is one of the largest regular surveys of coronavirus 
infections and antibodies,[13]. The CIS has been used to examine multiple aspects of the 
pandemic and to monitor community prevalence of SARS-CoV-2 infection,[14]. Samples, 
demographic information and a short questionnaire are collected from individuals aged 2 and 
older living in private households in England, randomly selected from address lists and the 
Office of National Statistics (ONS) surveys. It is a repeated household survey with additional 
serial sampling and longitudinal follow-up. Data includes a questionnaire and nose and throat 
swabs. If multiple household members agreed to participate, a home visit was made to collect 
information. Following the first visit, participants who agree, are visited every week for the 
first five weeks and then receive optional monthly visits. All study protocol and 
questionnaires are available online (https://www.ndm.ox.ac.uk/covid-19/covid-19-infection-
survey). 
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A positive COVID-19 test was determined from nose and throat swabs using the TaqPath 
RT-PCR COVID-19 kit (Thermo Fisher Scientific, Waltham, MA, USA), analysed using 
UgenTec Fast Finder 3.300.5 (TaqMan 2019-nCoV assay kit V2 UK NHS ABI 7500 v2.1; 
UgenTec, Hasselt, Belgium), described in detail in the sources listed above. Tests are 
considered positive when at least one gene is present – N, ORF1ab, or both – but could be 
accompanied by the gene for S protein (detection of S protein alone is not considered 
reliable) [14]. For the analyses in this study, the Covid-19 Infection Study (CIS) from 10 May 
2020 to 02 February 2021 was used with 409,009 valid COVID-19 tests from nose and throat 
swabs nested in 72,866 households for 100,138 individuals in the labour force aged 18-64 
years. 

Measurement of autonomy
Autonomy to adhere to NPIs is measured by summing conditions that might limit their ability 
to comply. Each question was asked at every visit to each participant. We assigned points to 
these conditions which were then summed into one index that measures autonomy. The 
measures are that the respondent reports that they: (1) work outside the home at least one day 
per week (1 point), (2) find it ‘easy to maintain 2 metres’ distance in workplace (0 points), (3) 
find it ‘relatively easy to maintain 2 metres’ distance in the workplace (1 point), (4) find it 
‘difficult to maintain 2 metres, but can be 1 metre’ in the workplace (2 points), (5) ‘very 
difficult to be more than 1 metre away’ in the workplace (3 points), (6) are at a main working 
location that is ‘somewhere else (not your home)’ (1 point), (7) find it common to go to and 
from work/school by bus, coach or minibus (1 point); and, (8) engage in work that involves 
direct contact with patients, clients, residents, service users or customers on a day-to-day 
basis (1 point). We included transportation by bus, coach or minibus only since sensitivity 
analyses that included other means of transportation such as underground, tram or motorbike, 
scooter, or car all showed a reverse correlation with other autonomy items and reduced the 
reliability of our autonomy index. 

The autonomy index passed the Cronbach’s alpha test with the reliability coefficient of 0.73. 
Exact questions used for the construction of the measurement of autonomy can be found in 
the supplementary materials (Table S1). Spearman correlation amongst each item and the 
final autonomy score is documented in the supplementary materials (Table S2 & Figure S1).

To interpret the index we consider an example. A person who reports working outside home 
for 5 days a week (+1), in a job where it is difficult to maintain 2 metre distancing, but can 
maintain 1 metre (+2) and whose main work location is not home (+1) and does not take 
public transportation of a bus (0), but works directly with people (+1) will score 5 in 
autonomy. After summing the scores, we reverse coded the autonomy variable so that a lower 
score indicates low autonomy (i.e., more situations that limit the individuals’ ability to 
comply) and a higher autonomy score indicates a higher ability to comply with NPIs. The 
range for the autonomy score is from 0-7, with the person described in the previous example 
scored as 2 given reverse coding. 

Statistical analysis
We estimated the likelihood of testing positive for SARS-CoV-2 from nose and throat swabs 
using three-level multivariate multilevel logistic regression models, also stratified by sex and 
time period. The outcome is a positive SARS-CoV-2 test, with the main predictors of sex, 
Black, Asian or minority ethnicity (BAME), age group, visit date, household size, smoking 
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status, region, occupation, days since contact with any COVID-19 positive person, 
compliance with wearing a face covering or mask and autonomy to comply with NPIs. 

Mixed-level logistic regression models were estimated with COVID-19 tests (level 1) nested 
within individuals (level 2) nested within households (level 3) with the outcome variable of 
COVID-19 positive infections. The main model estimates sex, ethnicity, age group, reporting 
to wear a face covering or mask, our autonomy to comply index and additional control 
variables. Model 2 adds an interaction term between autonomy to adhere and wearing a face 
covering or mask. Model 3 is the same as model 2 but only includes females. Model 4 is the 
same as the main model but only includes males. We estimated sex-specific models since 
when we added the interaction term for men only in the model, the interaction terms were not 
significant, the model fit did not increase, and the main effect also disappeared. We therefore 
consider the interaction terms in the male model as an unnecessary control and only reported 
the main models for men. Next, we stratified the models by three periods that broadly reflect 
the various phases of restrictions in the UK of: (1) 10 May - November 04 (pre-lockdown 2), 
(2) 05 November to December 19 (lockdown 2 'light version'), and (3) 20 December to Feb 
02 (Lockdown 2 stricter) (See Figure 1). These periods follow the general guidelines, which 
varied somewhat across the four nations of England, Scotland, Wales and Northern Ireland. 
For the first periods, we were able to fit the model with the interaction term, and for the 
second and third period we fit the main model without the interaction term for the same 
reason mentioned above in relation to sex. Occupation was not included in the models by 
time periods due to the small sample sizes in each category.

Patient and public involvement
Patients and the public were not involved in the development of research questions, design of 
the study, recruitment, and conduct of the study, or dissemination of the study results.

RESULTS
The autonomy score ranges from 0 to 7 (Mean = 4.21, SD = 1.82), with a higher score 
indicating more autonomy. The distribution of the autonomy score for the entire sample and 
by sub-groups is presented in Figure 2. The autonomy score follows a normal distribution. 
Men, and particularly men above 40 years of age, report more autonomy than women and 
younger counterparts. 

We find that the level of autonomy to adhere to NPIs does not predict COVID-19 infection 
alone, but rather the risk of infection is diminished when individuals wear face-
covering/masks (Figure 3, or Table S3). For example, the main effect model in Figure 3 and 
Model 1 in Table S3 shows that with one higher score in autonomy (i.e., one more condition 
that limited the respondents’ ability to comply to NPIs), there is a 3% lower likelihood of 
testing positive for SARS-CoV-2  (OR: 0.97; 95% CI 0.95 to 0.99). The coefficient is 
however marginally statistically significant, and the magnitude is small. 

In Figure 2 (also see supplementary materials, Table S3, Model 2), we add interaction terms 
between autonomy and compliance of wearing face covering/mask. We found that the 
protective effect of wearing a face covering/mask is stronger when autonomy is low. We 
visualise this interaction effect based on model 3 in Figure 4. The interaction effect is the 
most pronounced amongst females.

The youngest 18-29 year old age groups have a significantly higher odds of infection (OR 
1.17; 95% CI 1.00–1.37), with living in a larger household only related to a significantly 
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higher odds of infection for women (OR: 1.04; 95%CI 1.02–1.06). Male smokers had a 
significantly lower risk (OR: 0.84; 95%CI 0.74– 0·94]). This is in line with a recent review of 
17 studies that also found that current smokers had a reduced risk of testing positive for 
COVID-19 [15]. 

To test whether our core predictors change in relation to key policy restrictions put in place to 
restrict infections, hospitalisation and deaths (Figure 1, or Table S2), we divided the analysis 
into three policy periods (available in our data) of: (1) 10 May 2020 – 04 November 2020 
(first lockdown to pre-second lockdown), (2) 05 November – 19 December (second 
lockdown and pre-Christmas period of ‘lockdown light’); and, (3) 20 December – 02 
February (stricter second lockdown with schools closed and introduction of Tier 4). Figure 1 
illustrates the clear time-lag between infections leading to deaths, with growing evidence that 
this link is disrupted by vaccinations as time elapses. Black, Asian and minority ethnic groups 
were more likely to be infected, especially during the second lockdown (05 Nov-19 
December) (OR: 1.36; 95%CI 1.04–1.79). 

Effects varied over the year with autonomy to follow NPIs only significant in the pre-Second 
lockdown period (May–November 2020). Wearing a face covering or mask outdoors was a 
significant predictor of a lower chance of infection before 19 December 2020 (OR: 0.44; 
95%CI 0.27–0.73) when a stricter second lockdown was implemented. One possible 
explanation is that the percentage of people not wearing face covering/masks was low and 
declined from 2% to 1% from May 2020 to Feb 2021. The variable may also be capturing 
both the social environment (i.e., wearing a face covering may be influenced by the level of 
individuals wearing masks around you) and correlated health behaviours (i.e., those who 
wear face coverings are more cautious in other ways). 

In the full models, the random effects variance estimates were larger at the household level 
than at the individual level OR: 3.34 (95%CI 3.05–3.63) versus OR: 1.02 (95% CI 0.78–
1.26), suggesting that more unexplained variation in infection risk exists at the household 
level. This difference was smaller or non-existent in the sex-stratified models, with the 
residual intraclass coefficients also reflecting a loss of household information.

DISCUSSION
Using multivariate multilevel logistic regression models, we examined the relationship 
between individual adherence to NPIs and COVID-19 infection, controlling for key 
sociodemographic, behavioural and time-related policy changes. We found that an 
individuals’ autonomy to comply with NPIs predicts higher infections when individuals do 
not engage in other protective measures of wearing a face covering or mask outside their 
home. Our results suggest that engaging in protective behaviours such as wearing face 
coverings can reduce the unequal effects of exposure to COVID-19, noted in previous 
literature reviews [9]. Our findings emphasise the need to move to more complex models 
beyond comparing aggregated percentages of general population compliance to a more 
nuanced understanding that stratifies groups in meaningful ways to develop tailored health 
policy interventions and communications. We found that women living in larger households 
had a significantly higher risk of infection, reflecting more domestic and care duties and time 
in the household, but also multiple individuals leaving and returning the home from diverse 
environments.

The 18-29 year old age group had a significantly higher risk of infection, suggesting that this 
is an important group to consider given that many countries have been engaging in age-
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related vaccine roll-outs. Effects varied over the year with autonomy to follow NPIs only 
significant in the pre-Second lockdown period (May- November 2020). This was a period 
where initially many UK governments were reluctant to introduce certain policy 
interventions, such as the relatively late introduction of face-coverings for the general public 
in late June or July 2020, first in public transport only [2]. 

Wearing a face covering or mask outside the home was a significant predictor of a lower 
chance of infection before 19 December 2020 when a stricter second lockdown was 
implemented. BAME groups are more likely to be infected, especially during the second 
lockdown (05 November–19 December). We note, however, that although we see some 
period variation, given the overlap in CIs and the fact that we are not strictly testing a 
difference between the coefficients in our model, they are not statistically different. 

A strength of our study is that it is to our knowledge the first large-scale study that links the 
reporting of individual and household level adherence to NPIs and their ability or challenges 
to adhere with actual measured infections. This representative population-based study went 
beyond the self-reporting of SARS-CoV-2 to use throat and swab SARS-CoV-2 positivity 
testing opposed to population-wide case data, which is subject to significant selection bias. 
This is also an advantage over other measures such as hospitalisation or death, which only 
pick up the most severe cases. By measuring infections in this manner, we are also able 
capture those who might be asymptomatic or whose infections are relatively mild. Given the 
multilevel design based on a sample that was designed to be a random sample of households 
stratified by gender and time period, we also avoid problems in interpretation over this period 
due to changes in testing practice. Another advantage is that we have longitudinal, regularly 
collected data over this period which allows us to examine changes in behaviour over time. 

Our study is also subject to several limitations. Although the dataset is the most 
representative to date, some groups such as ethnic minorities (termed BAME in the UK) 
remain underrepresented in the sample. Whereas we have 7% BAME, amongst the UK 
population, around 14% are from a minority ethnic background. Therefore, our estimates may 
not reflect the full range of the population. Future work may incorporate our individual- and 
household- level approach with the aggregate level approach [16, 17] together to analyse 
population scale NPIs and risk attitudes/behaviours. The number of tests in the lockdown 2 
‘stricter version’ period is much smaller, meaning that we may not have the power to detect 
some effects. Participation in the study is voluntary and thus self-selection bias may affect the 
results. In addition, as others have noted, we are unable to determine the sensitivity and 
specificity of the PCR test, but it is likely close to 100% [18]. Finally, the mixed logit models 
assume linearity between the continuous predictors and the log odds of the outcome of 
interest. Violating linearity can affect prediction and inference. Since most of our predictors 
are categorical/binary and we only include three continuous predictors – visit date, autonomy, 
and household size – in the analyses, it is unlikely that the linearity assumption is severely 
violated. The plot of the logit for continuous predictors (Supplementary materials, Figure S2) 
also alleviates the concern.

CONCLUSION
Many countries introduced multiple non-pharmaceutical interventions (NPIs) to control 
COVID-19 infections, hospitalization and deaths and continue to implement or re-introduce 
them during spikes in infections even during vaccine roll-out. There have been limited 
empirical studies using individual-level data to examine how individual adherence to NPIs 
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predicts infections by sociodemographic factors, individual autonomy to abide by NPIs and 
how these relationships change over time in relation to different restrictions.

We move beyond aggregated figures showing macro correlations of NPI policy stringency 
with national-level COVID-19 outcomes, to produce individual- and household-level models 
that properly control for confounders, key sociodemographic and behavioural factors and 
changes in policy interventions over time. Using the Covid Infection Study (CIS) in the UK 
with almost one year of data from 10 May 2020 to 02 February 2021, with 409,009 valid 
COVID-19 tests nested in 72,866 households for 100,138 individuals aged 18-64 years, we 
estimate multivariate multilevel logistic regression models, stratified by sex and time-period. 
We create a novel index measuring individual autonomy to abide by NPIs index (i.e., ability 
to work at home and number of days at home, ability to maintain physical distancing at work, 
travel to work requires public transport, or work involves direct contact).

Although autonomy or inability to abide by NPIs is a significant predictor of higher infection 
rates amongst certain groups, it does not predict infection alone. Wearing a face covering or 
mask outside the home can reduce the unequal effects of exposure to COVID-19 due to 
individual and employment circumstances. Autonomy to follow NPIs was only a significant 
predictor of infection risk from May to November 2020 but those who reported wearing a 
face covering or mask outdoors significantly had lower rates of infection for individuals with 
lower level of autonomy between 10 May to 04 November and for all people between 05 
November to 19 December 2020.

The results we present here summarise key parts of the analyses we presented to senior 
decision makers in the UK over February–March 2021, in a context with rapidly evolving 
information, vaccine deployment and other relevant policies. As the pandemic evolves, new 
variants of concern emerge and vaccines are rolled-out across the world, experts, politicians 
and civil servants will continue to make difficult decisions on lifting or re-instating NPIs. 
This study provides novel and nuanced empirical evidence of the relationship of autonomy to 
follow NPIs with infection, how this varies and where support or public communication 
could be directed.

Ethical Approval Statement. Participants provided informed consent when they took part in 
the CIS study. More information can be found here: 
https://www.ons.gov.uk/surveys/informationforhouseholdsandindividuals/householdandindiv
idualsurveys/covid19infectionsurveycis/howtotakepart
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Figure 1. Timeline of key restrictions in England by COVID-19 cases (left) and deaths (right), January 01 2020 to March 08 2021.

Note: JCVI (Joint Committee on Vaccination and Immunisation); AZ (Astra Zeneca). Graph produced by authors using policy data for England,17,18 and official UK Government data on 
COVID-19 cases and deaths,19 smoothed into 14 day rolling means. Deaths are in red (read from right axis) and cases in blue (read from left axis) with magnitudes representing smoothed 14 day 
rolling means and not cumulative figures. The restrictions shown here are for England and we note there was some variation in the detail of some policies and slight variation in timing in 
Scotland, England, Wales and Northern Ireland. 
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Figure 2. Distribution of the measure of autonomy within the sample and by sample subgroups.
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Figure 3. Three-level logistic regression models of COVID-19 positive tests, 10 May 2020 – 02 February 2021 by key fixed-effect predictorsand 
interaction effects (see supplementary materials for full tables), ONS Covid Infection Study.
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Figure 4. Association between infection and autonomy by level of compliance to wearing face-covering/masks (estimates from Model 3).
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Figure 1. Timeline of key restrictions in England by COVID-19 cases (left) and deaths (right), January 01 
2020 to March 08 2021. 

Note: JCVI (Joint Committee on Vaccination and Immunisation); AZ (Astra Zeneca). Graph produced by 
authors using policy data for England,17,18 and official UK Government data on COVID-19 cases and 

deaths,19 smoothed into 14 day rolling means. Deaths are in red (read from right axis) and cases in blue 
(read from left axis) with magnitudes representing smoothed 14 day rolling means and not cumulative 

figures. The restrictions shown here are for England and we note there was some variation in the detail of 
some policies and slight variation in timing in Scotland, England, Wales and Northern Ireland. 
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Figure 2. Distribution of the measure of autonomy within the sample and by sample subgroups. 
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Figure 3. Three-level logistic regression models of COVID-19 positive tests, 10 May 2020 – 02 February 
2021 by key fixed-effect predictorsand interaction effects (see supplementary materials for full tables), ONS 

Covid Infection Study. 
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Figure 4. Association between infection and autonomy by level of compliance to wearing face-
covering/masks (estimates from Model 3). 
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Factors affecting adherence to non-pharmaceutical interventions for COVID-19 infections in the first year of the 
pandemic in the UK:  

Analysis of the repeated household Covid Infection Study (CIS) 
Supplementary Materials 

1. Construction of the Measurement of Autonomy 

Autonomy to adhere to NPIs is measured via the sum of several situations that might limit the respondents’ ability to comply. Each question was 
asked repeatedly at each visit to every participant. We assigned points to these situations and summed the points into one index measuring the 
autonomy. The exact questions we used and the points assigned are listed in Table S1. 
 
Table S1. Exact question, response item and score assignment used to construct the measurement of autonomy. 

 Exact Question Response Item and score assigned in the bracket 
1 On average, on how many days of 

the week are you currently 
working somewhere else (not at 
your home, defined as the same 
grounds or building as your 
home), or currently attending, in 
person, your place of education, 
school, nursery, pre-school or 
childminder? (select one) 
 

1) 0 (0’) 
2) 1 (1’) 
3) 2 (1’) 
4) 3 (1’) 
5) 4 (1’) 
6) 5 (1’) 
7) 6 (1’) 
8) 7 (1’) 

2  On average how easy is it to 
maintain 1-2m between yourself 
and other people at your place of 
work/full-time 
education/school/nursery, etc? 
(select one) 

1) Easy to maintain 2m, it is not a problem to stay this far away from other people (0’) 
2) Relatively easy to maintain 2m, most of the time I can be 2m away from other people (1’) 
3) Difficult to maintain 2m, but I can usually be at least 1m from other people (2’) 
4) Very difficult to be more than 1m away, as my work means I am in close contact with others on a regular 

basis (3’) 

3 Currently, where are you mainly 
working now? (select one) 

1) Working from home (in the same grounds or building as your home) (0’) 
2) Working somewhere else (not at your home) (1’) 
3) Both (working from home and working somewhere else) (0’) 
 

4 How do you mainly get to and 
from work/nursery/school? (select 

1) Underground, metro, light rail, tram (0’) 
2) Train (0’) 
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one: if use multiple modes, 
choose the longest part of your 
journey in time) 

3) Bus, minibus, coach (1’) 
4) Motorbike, scooter or moped (0’) 
5) Car or van (0’) 
6) Taxi/minicab (0’) 
7) Bicycle (0’) 
8) On foot (0’) 
9) Other method (0’) 

5 Does your current role primarily 
involve direct contact, in person, 
with 
patients/clients/residents/service 
users/customers on a day-to-day 
basis? (Please answer ‘no’ if 
primarily office-based)  

1) Yes (1’) 
2) No (0’) 

Note: We included transportation by bus, coach or minibus only since sensitivity analyses that included other means of transportation such as 
underground, tram or motorbike, scooter, or car all showed a reverse correlation with other autonomy items and reduced the reliability of our 
autonomy index. 
All study protocol and questionnaires are available online (https://www.ndm.ox.ac.uk/covid-19/covid-19-infection-survey) 
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Table S2. Correlation among the autonomy score and the items used for constructing the score. 
 

 

Work outside 
home more 
than 1 day per 
week 

Relatively 
easy to 
maintain 2m 

Difficult to 
maintain 2m 

Very difficult 
to be more 
than 1m away 

Mainly work 
outside home 

Take bus, 
minibus, and 
coach to work 

Work 
primarily 
involve direct 
contact in 
person with 
patients Autonomy 

Work outside home 
more than 1 day per 
week 1        

Relatively easy to 
maintain 2m 0.23 1       

Difficult to maintain 
2m 0.18 0.71 1      

Very difficult to be 
more than 1m away 0.13 0.50 0.70 1     

Mainly work 
outside home 0.36 0.37 0.35 0.27 1    

Take bus, minibus, 
and coach to work 0.02 0.03 0.03 0.01 0.04 1   

Work primarily 
involve direct 
contact in person 
with patients 0.14 0.26 0.30 0.30 0.19 0.02 1  

Autonomy -0.50 -0.80 -0.80 -0.68 -0.67 -0.12 -0.51 1 
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Table S3. Multilevel logistic regression models of Covid-19 testing positive, ONS Covid Infection Study 
Outcome: 
Test positive 

Model 1: Main effect Model 2: Interaction Model 3: Female only  with 
interaction 

Model 4: Male only main 
effect 

 

 
Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI 

Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI 

Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI 

Odds 
Ratio 

Lower 
95% CI 

Upper 
95% CI  

Female 0.90 0.81 0.99 0.90 0.81 0.99 - - - - - -  
BAME 1.17 1.00 1.37 1.17 1.00 1.37 1.17 0.95 1.46 1.23 0.99 1.53  
Age group (Ref = 60-64)  

18-29 1.52 1.28 1.82 1.52 1.28 1.82 1.58 1.23 2.04 1.40 1.09 1.81  
30-39 1.12 0.94 1.33 1.12 0.94 1.33 1.08 0.86 1.37 1.15 0.91 1.46  
40-49 1.17 0.98 1.40 1.17 0.98 1.40 1.21 0.96 1.53 1.08 0.86 1.37  
50-59 1.14 0.97 1.33 1.14 0.97 1.33 1.12 0.88 1.41 1.19 0.94 1.50  
Visit date 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02  
Autonomy 0.97 0.95 0.99 0.79 0.67 0.92 0.70 0.55 0.88 0.97 0.93 1.01  
Face covering or masks (Ref = not wearing face covering or mask)  
Yes my face is 
already covered 1.01 0.72 1.41 0.37 0.16 0.82 0.23 0.09 0.64 1.02 0.64 1.63  
Yes at 
work/school/other 
situations only 0.78 0.59 1.02 0.36 0.18 0.71 0.21 0.09 0.49 0.84 0.56 1.24  
Yes usually both 
work/school/other 0.70 0.53 0.92 0.29 0.15 0.56 0.18 0.08 0.41 0.71 0.48 1.05  
Autonomy x Face covering/masks (Ref = No face covering/mask) 
Autonomy x Yes my 
face is already 
covered - - - 1.28 1.08 1.53 1.48 1.14 1.91 - - - 
Autonomy x Yes at 
work/school/other 
situations only - - - 1.22 1.04 1.43 1.40 1.11 1.78 - - - 
Autonomy x Yes 
usually both 
work/school/other - - - 1.25 1.07 1.46 1.43 1.13 1.81 - - - 
Contact with COIVD-19 positive people (Ref = no contact)  
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0-14 days 13.74 12.45 15.15 13.74 12.45 15.15 15.03 13.10 17.24 17.64 15.38 20.23  
15-28 days 4.53 3.95 5.19 4.53 3.95 5.19 4.76 3.99 5.68 5.58 4.59 6.79  
29-60 days 1.62 1.38 1.89 1.62 1.38 1.89 1.63 1.32 2.03 2.05 1.62 2.60  
61-90 days 0.89 0.69 1.14 0.89 0.69 1.14 1.09 0.78 1.53 0.84 0.56 1.27  
91+ days 1.00 0.76 1.32 1.00 0.76 1.32 0.98 0.66 1.45 1.14 0.77 1.69  
Household size 1.02 0.98 1.06 1.02 0.98 1.06 1.04 1.02 1.06 1.01 0.95 1.07  
Smoke 0.90 0.82 1.00 0.90 0.82 1.00 0.93 0.83 1.05 0.84 0.74 0.94  
Region (Ref = Northeast)  

Northwest 1.32 1.07 1.64 1.32 1.07 1.64 1.22 0.93 1.61 1.36 1.02 1.83  
Yorks Humber 0.95 0.75 1.20 0.95 0.75 1.20 0.95 0.71 1.28 0.91 0.67 1.25  
East midlands 0.80 0.63 1.02 0.79 0.63 1.01 0.70 0.51 0.96 0.91 0.65 1.28  
West midlands 0.77 0.61 0.98 0.77 0.61 0.98 0.79 0.59 1.07 0.71 0.51 0.99  
East 0.54 0.43 0.68 0.54 0.43 0.68 0.53 0.39 0.71 0.52 0.38 0.71  
London 0.95 0.77 1.18 0.94 0.76 1.17 0.89 0.67 1.17 1.01 0.75 1.36  
South East 0.69 0.56 0.86 0.69 0.56 0.86 0.68 0.51 0.92 0.69 0.50 0.95  
South West 0.41 0.32 0.53 0.41 0.32 0.52 0.41 0.29 0.57 0.41 0.28 0.59  
Occupation (Ref = Health professionals)  
Corporate managers 
and directors 1.79 1.41 2.26 1.77 1.40 2.24 1.86 1.33 2.59 2.18 1.45 3.29  
Other managers and 
proprietors 2.46 1.87 3.24 2.41 1.83 3.17 2.05 1.36 3.10 3.00 1.91 4.72  
Science research 
engineering and 
technology 
professionals 1.51 1.15 1.98 1.49 1.13 1.96 1.11 0.68 1.80 2.01 1.31 3.10  
Teaching and 
educational 
professionals 1.60 1.32 1.95 1.58 1.30 1.93 1.43 1.13 1.81 2.12 1.40 3.20  
Business media and 
public service 
professionals 1.54 1.19 1.98 1.51 1.17 1.94 1.52 1.09 2.12 1.77 1.15 2.72  
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Science engineering 
and technology 
associate 
professionals 1.51 1.02 2.23 1.49 1.01 2.21 1.38 0.74 2.58 2.01 1.14 3.56  
Health and social 
care associated 
professionals 1.48 1.04 2.10 1.46 1.03 2.08 1.30 0.86 1.96 2.16 1.15 4.04  
Protective service 
occupations 1.82 1.33 2.49 1.80 1.32 2.47 2.59 1.62 4.14 1.86 1.16 2.98  
Culture media and 
sports occupations 1.46 1.05 2.04 1.43 1.03 2.00 1.62 1.05 2.49 1.46 0.84 2.53  
Business and public 
service associated 
professionals 1.73 1.37 2.19 1.72 1.36 2.17 1.62 1.18 2.21 2.18 1.45 3.29  
Administrative 
occupations 1.97 1.59 2.45 1.95 1.58 2.42 1.90 1.47 2.45 2.41 1.57 3.71  
Secretarial and 
related occupations 2.41 1.80 3.23 2.39 1.78 3.20 2.34 1.71 3.20 1.22 0.33 4.54  
Skilled agricultural 
and related trades 0.89 0.46 1.73 0.87 0.45 1.69 1.15 0.33 3.95 1.11 0.49 2.52  
Skilled metal 
electrical and 
electronic trades 2.25 1.68 3.02 2.20 1.64 2.96 2.92 0.78 10.84 2.80 1.86 4.23  
Skilled construction 
and building trades 2.41 1.76 3.30 2.36 1.73 3.23 0.48 0.05 5.06 3.32 2.16 5.11  
Textiles printing and 
other skilled trades 1.42 0.87 2.32 1.39 0.85 2.27 1.77 0.89 3.51 1.62 0.80 3.27  
Caring personal 
service occupations 2.03 1.64 2.52 2.01 1.62 2.50 1.93 1.53 2.45 2.75 1.68 4.48  
Leisure travel and 
related personal 
service occupations 1.84 1.17 2.89 1.82 1.16 2.86 1.43 0.80 2.58 4.31 2.00 9.25  
Sales occupation 1.95 1.51 2.52 1.92 1.48 2.47 1.72 1.25 2.35 3.06 1.88 5.00  
Customer service 
occupations 1.73 1.17 2.57 1.72 1.16 2.54 1.49 0.93 2.39 2.77 1.42 5.40  
Process plant and 
machine operatives 2.10 1.44 3.04 2.05 1.42 2.98 2.94 1.24 6.98 2.51 1.54 4.10  
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Transport and mobile 
machine driver and 
operatives 2.36 1.76 3.17 2.32 1.73 3.11 1.62 0.64 4.06 3.19 2.07 4.91  
Elementary trades 
and related 
occupations 2.75 1.53 4.94 2.69 1.49 4.85 2.92 0.54 15.73 3.53 1.78 7.00  
Elementary 
administration and 
service occupations 2.16 1.71 2.73 2.14 1.69 2.71 1.90 1.39 2.60 3.03 1.97 4.67  
Variance 
(Household) 3.34 3.05 3.63 3.34 3.05 3.63 2.38 1.64 3.12 2.00 0.94 3.06  
Residual intraclass 
correlation 
(Household) 0.44 0.41 0.47 0.44 0.41 0.47 0.32 0.23 0.42 0.27 0.15 0.43  
Variance 
(Individuals) 1.02 0.78 1.26 1.02 0.78 1.26 1.88 1.14 2.62 2.11 1.03 3.19  
Residual intraclass 
correlation 
(Individuals) 0.57 0.55 0.59 0.57 0.55 0.59 0.56 0.54 0.59 0.56 0.53 0.58  
N 409,009   409,009   217,920   191,089    
No. of household 72,866   72,866   50,405   44,822    
No. of participant 100,138   100,138   53,015   47,123    
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Table S4. Multilevel logistic regression models of Covid-19 testing positive by period, ONS Covid Infection Study 
Outcome: 
Test positive 

10 May 2020 - 04 Nov 2020 05 Nov 2020 - 19 Dec 2020 20 Dec 2020 - 02 Feb 2020 

 Odds Ratio 
Lower 95% 
CI 

Upper 95% 
CI Odds Ratio 

Lower 95% 
CI 

Upper 95% 
CI Odds Ratio 

Lower 95% 
CI 

Upper 95% 
CI 

Female 0.83 0.69 0.99 0.92 0.80 1.06 0.77 0.66 0.90 
BAME 1.27 0.89 1.81 1.36 1.04 1.79 0.97 0.72 1.30 
Age group (Ref = 60-64) 
18-29 1.80 1.22 2.67 1.26 0.92 1.72 1.68 1.18 2.39 
30-39 0.99 0.68 1.44 1.03 0.77 1.38 1.14 0.82 1.59 
40-49 0.85 0.59 1.24 1.07 0.80 1.44 1.36 1.00 1.87 
50-59 1.20 0.84 1.70 0.99 0.74 1.33 1.22 0.89 1.67 
Visit date 1.04 1.04 1.04 1.00 1.00 1.00 1.01 1.01 1.01 
Autonomy 0.58 0.36 0.92 0.98 0.94 1.02 0.96 0.92 1.00 
Face covering or masks (Ref = not wearing face covering or mask) 
Yes my face is already covered 0.27 0.04 1.90 0.59 0.34 1.03 1.38 0.59 3.20 
Yes at work/school/other 
situations only 0.30 0.05 1.71 0.50 0.31 0.82 0.64 0.33 1.22 
Yes usually both 
work/school/other 0.20 0.04 1.13 0.44 0.27 0.73 0.58 0.31 1.11 
Autonomy x Face covering/masks (Ref = No face covering/mask) 
Autonomy x Yes my face is 
already covered 1.73 1.04 2.89 - - - - - - 
Autonomy x Yes at 
work/school/other situations 
only 1.63 1.02 2.61 - - - - - - 
Autonomy x Yes usually both 
work/school/other 1.75 1.09 2.80 - - - - - - 
Contact with COIVD-19 positive people (Ref = no contact) 
0-14 days 14.01 11.30 17.38 15.03 12.35 18.28 27.66 21.02 36.39 
15-28 days 3.56 2.50 5.07 5.16 4.00 6.65 7.10 5.40 9.34 
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29-60 days 1.79 1.01 3.15 2.32 1.76 3.05 1.93 1.41 2.65 
61-90 days 1.73 0.44 6.83 1.15 0.65 2.03 1.20 0.81 1.77 
91+ days 0.90 0.38 2.14 1.23 0.69 2.22 1.15 0.75 1.77 
Household size 1.04 0.96 1.13 1.05 0.99 1.11 1.01 0.93 1.09 
Smoke 0.82 0.66 1.02 0.95 0.81 1.11 0.93 0.78 1.11 
Region (Ref = Northeast) 
Northwest 1.79 1.18 2.70 1.46 0.99 2.16 0.97 0.64 1.46 
Yorks Humber 1.25 0.81 1.92 1.32 0.89 1.96 0.36 0.22 0.59 
East midlands 0.73 0.45 1.20 1.15 0.75 1.77 0.52 0.32 0.85 
West midlands 0.55 0.34 0.90 0.91 0.61 1.38 0.76 0.49 1.20 
East 0.25 0.15 0.42 0.53 0.35 0.80 0.66 0.43 1.02 
London 0.55 0.35 0.87 0.85 0.58 1.26 1.36 0.92 2.02 
South East 0.35 0.22 0.56 0.70 0.47 1.06 0.89 0.59 1.34 
South West 0.29 0.16 0.51 0.45 0.28 0.72 0.34 0.21 0.55 
Variance (Household) 6.01 4.99 7.03 5.21 4.43 5.99 7.21 5.98 8.44 
Residual intraclass correlation 
(Household) 0.49 0.43 0.54 0.50 0.45 0.54 0.58 0.54 0.62 
Variance (Individuals) 3.04 2.16 3.92 2.03 1.34 2.72 1.94 1.16 2.72 
Residual intraclass correlation 
(Individuals) 0.73 0.70 0.76 0.69 0.65 0.72 0.74 0.70 0.77 
N 187453   142056   79500   
No. of household 54383   57203   47594   
No. of participant 73262   75682   60252   
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Figure S1 Visualization of Table S2 using selected key variables. 

Page 29 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054200 on 25 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

11 
 

Figure S2 Relationship between continuous predictors and Log odds of the outcome with Locally Weighted Scatterplot Smoothing 
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Table S5. Descriptive statistics N = 409,009 
 All    Male  Female  
 mean sd min max mean sd mean sd 
COVID-19 positive 0.0118  0 1 0.0120  0.0117  
Female 0.5328  0 1 0.0000  1.0000  
BAME 0.0766  0 1 0.0763  0.0770  
Age at visit 44.6401 (11.5266) 20 64 44.5303 (11.5765) 44.7364 (11.4819) 
Age group         
18-29 0.1269  0 1 0.1266  0.1271  
30-39 0.2146  0 1 0.2212  0.2088  
40-49 0.2650  0 1 0.2639  0.2659  
50-59 0.2949  0 1 0.2859  0.3029  
60+ 0.0986  0 1 0.1024  0.0953  
Autonomy 4.2061 (1.8174) 0 7 4.5345 (1.6413) 3.9181 (1.9129) 
Face mask         
No face mask 0.0149  0 1 0.0163  0.0137  
Yes my face is already covered 0.0290  0 1 0.0281  0.0297  
Yes at work/school/other situations 
only 0.4855  0 1 0.5054  0.4680  
Yes usually both work/school/other 0.4707  0 1 0.4502  0.4886  
Number of test 6.9757 (1.9761) 1 10+ 6.9541 (1.9721) 6.9946 (1.9794) 
Household size 2.6550 (1.1957) 1 10+ 2.7384 (1.2039) 2.5819 (1.1836) 
Work outside home days 3.0201 (2.0517) 0 7 3.1415 (2.1295) 2.9136 (1.9749) 
Contact with COVID-19 positive         
No contact 0.7911  0 1 0.8102  0.7743  
0-14 days 0.0834  0 1 0.0730  0.0925  
15-28 days 0.0384  0 1 0.0350  0.0413  
29-60 days 0.0441  0 1 0.0402  0.0475  
61-90 days 0.0189  0 1 0.0179  0.0198  
91+ days 0.0242  0 1 0.0238  0.0246  

Page 31 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054200 on 25 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

13 
 

Work social distancing         
Easy to maintain 2m 0.4914  0 1 0.5602  0.4312  
Relatively easy to maintain 2m 0.1621  0 1 0.1818  0.1448  
Difficult to maintain 2m but can be 
1m 0.1362  0 1 0.1272  0.1440  
Very difficult to be more than 1m 0.2103  0 1 0.1309  0.2799  
Work location         
Working from home 0.2417  0 1 0.2561  0.2291  
Working somewhere else(not your 
home) 0.6186  0 1 0.5985  0.6362  
Both(from home and somewhere 
else) 0.1397  0 1 0.1454  0.1348  
Work travel method         
Underground/metro/light rail/tram 0.0252  0 1 0.0259  0.0246  
Train 0.0383  0 1 0.0443  0.0331  
Bus/minibus/coach 0.0266  0 1 0.0206  0.0318  
Motorbike/scooter or moped 0.0040  0 1 0.0071  0.0014  
Car or van 0.6985  0 1 0.6995  0.6977  
Taxi/minicab 0.0038  0 1 0.0037  0.0040  
Bicycle 0.0358  0 1 0.0470  0.0260  
On foot 0.1355  0 1 0.1181  0.1508  
Other method 0.0323  0 1 0.0339  0.0308  
Smoking 0.3007  0 1 0.3257  0.2788  
Work direct with patients 0.2184  0 1 0.1501  0.2783  
Occupation         
Corporate managers and directors 0.0787  0 1 0.1101  0.0512  
Other managers and proprietors 0.0371  0 1 0.0495  0.0263  
Science research engineering and 
technology professionals 0.0516  0 1 0.0842  0.0231  
Health professionals 0.0640  0 1 0.0275  0.0960  
Teaching and educational 
professionals 0.1065  0 1 0.0665  0.1416  
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Business media and public service 
professionals 0.0678  0 1 0.0796  0.0576  
Science engineering and technology 
associate professionals 0.0152  0 1 0.0203  0.0106  
Health and social care associated 
professionals 0.0178  0 1 0.0097  0.0250  
Protective service occupations 0.0210  0 1 0.0312  0.0121  
Culture media and sports occupations 0.0252  0 1 0.0266  0.0239  
Business and public service 
associated professionals 0.0812  0 1 0.0891  0.0743  
Administrative occupations 0.1023  0 1 0.0603  0.1391  
Secretarial and related occupations 0.0257  0 1 0.0031  0.0455  
Skilled agricultural and related trades 0.0080  0 1 0.0128  0.0037  
Skilled metal electrical and electronic 
trades 0.0303  0 1 0.0634  0.0013  
Skilled construction and building 
trades 0.0259  0 1 0.0537  0.0015  
Textiles printing and other skilled 
trades 0.0097  0 1 0.0123  0.0074  
Caring personal service occupations 0.0722  0 1 0.0188  0.1190  
Leisure travel and related personal 
service occupations 0.0094  0 1 0.0051  0.0132  
Sales occupation 0.0397  0 1 0.0263  0.0515  
Customer service occupations 0.0142  0 1 0.0096  0.0183  
Process plant and machine operatives 0.0149  0 1 0.0279  0.0036  
Transport and mobile machine driver 
and operatives 0.0261  0 1 0.0516  0.0038  
Elementary trades and related 
occupations 0.0044  0 1 0.0084  0.0009  
Elementary administration and 
service occupations 0.0511  0 1 0.0527  0.0497  
Region         
Northeast 0.0503  0 1 0.0483  0.0521  
Northwest 0.1435  0 1 0.1422  0.1446  
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Yorks Humber 0.1021  0 1 0.1019  0.1022  
East midlands 0.0776  0 1 0.0776  0.0775  
West midlands 0.0943  0 1 0.0960  0.0929  
East 0.1241  0 1 0.1262  0.1223  
London 0.1743  0 1 0.1759  0.1730  
South East 0.1474  0 1 0.1480  0.1469  
South West 0.0863  0 1 0.0840  0.0884  
N 409,009    191,089  217,920  
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2. Sample of Questionnaire (All study protocol and questionnaires are available online https://www.ndm.ox.ac.uk/covid-19/covid-19-infection-
survey) 
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title and 
abstract

Title #1a Indicate the study’s design with a commonly used term in the title or 
the abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

3

Objectives #3 State specific objectives, including any prespecified hypotheses 3

Methods

Study design #4 Present key elements of study design early in the paper 3-5
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Setting #5 Describe the setting, locations, and relevant dates, including periods 
of recruitment, exposure, follow-up, and data collection

3-5

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection 
of participants. Describe methods of follow-up.

3-5

Eligibility criteria #6b For matched studies, give matching criteria and number of exposed 
and unexposed

n/a

Variables #7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

3-5

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. Give 
information separately for for exposed and unexposed groups if 
applicable.

3-5

Bias #9 Describe any efforts to address potential sources of bias 3-5

Study size #10 Explain how the study size was arrived at 3-5

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

3-5

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

3-5

Statistical 
methods

#12b Describe any methods used to examine subgroups and interactions 3-5

Statistical 
methods

#12c Explain how missing data were addressed 3-5

Statistical 
methods

#12d If applicable, explain how loss to follow-up was addressed n/a

Statistical 
methods

#12e Describe any sensitivity analyses

3-5

Results
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Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 
included in the study, completing follow-up, and analysed. Give 
information separately for for exposed and unexposed groups if 
applicable.

5-6

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram

n/a

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for exposed and unexposed groups if 
applicable.

5-6

Descriptive data #14b Indicate number of participants with missing data for each variable of 
interest

n/a

Descriptive data #14c Summarise follow-up time (eg, average and total amount)

n/a

Outcome data #15 Report numbers of outcome events or summary measures over time. 
Give information separately for exposed and unexposed groups if 
applicable.

n/a

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make 
clear which confounders were adjusted for and why they were 
included

5-6

Main results #16b Report category boundaries when continuous variables were 
categorized

5-6

Main results #16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a
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Other analyses #17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

5-6

Discussion

Key results #18 Summarise key results with reference to study objectives 6-7

Limitations #19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and magnitude 
of any potential bias.

6-7

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

6-7

Generalisability #21 Discuss the generalisability (external validity) of the study results 6-7

Other 
Information

Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

1

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY. 
This checklist was completed on 04. June 2021 using https://www.goodreports.org/, a tool made by the 
EQUATOR Network in collaboration with Penelope.ai
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