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Abstract
Life-course theories on how social relationships affect mental health are limited in causal 
claims. The restrictions in social contact during the coronavirus pandemic provided a natural 
experiment that modified the frequency of in-person contact and allowed us to estimate the 
effect of changes in in-person social contact frequency on mental health in four large nationally 
representative age-cohorts of adults living in the UK. There was consistent evidence of a small 
but statistically significant effect of less frequent social contact on anxiety-depression. Online 
modes of social contact did not compensate for the restrictions in in-person social contact 
during the pandemic. Young adults who increased their online social media frequency during 
the pandemic experienced a deterioration in mental health. Life-course theories cannot 
ignore the importance of the mode of social contact for social relationships, especially during 
young adulthood.
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The COVID-19 pandemic changed the way people interacted socially. Lockdowns and 
social distancing guidelines meant that people were restricted, at various times, in meet-
ing others outside of their household in-person (‘household mixing’). There was some 
suggestion that online or telephone modes of social contact could compensate for the 
loss of in-person social contact in terms of preserving well-being. This study examined 
whether changes in social contact during the first year of the pandemic in the UK caused 
changes in mental health. We used the pandemic ‘natural experiment’ that induced 
changes in the way people interacted socially, to analyse how those changes in the mode 
of social interaction affected the mental health of adults living in the UK. This allowed 
us to draw causal inferences from the estimated effect of social relationships on mental 
health, addressing a key gap in existing research.

The pandemic adversely affected the mental health of populations (Patel et al., 2022; 
Prati and Mancini, 2021; Robinson et al., 2022), and in particular, adolescents and young 
adults (Niedzwiedz et al., 2021; Patel et al., 2022; Racine et al., 2021). There was a small 
but statistically significant increase in mental health symptoms in the early stages of the 
pandemic (March–April 2020), that declined in the following months (May–June 2020) 
(Prati and Mancini, 2021; Robinson et al., 2022). The lifting of the ‘Stay at Home’ order 
in England and Scotland improved mental health, after a large deterioration following 
the onset of the pandemic (Serrano-Alarcon et al., 2022). Some studies suggested that the 
mental health and well-being benefits of in-person social interactions could be replaced 
by digital and online social contact (David and Roberts, 2021; Pancani et al., 2021), 
although other studies did not find evidence of such compensation (Hawkley et al., 2021; 
Hu and Qian, 2021b). Moreover, other research suggested that the increase in mental 
health symptoms in the early part of the pandemic was more related to the perceived risk 
of infection and death, unemployment and financial worries (Robinson and Daly, 2021), 
and the burden of childcare and home-schooling (Chandola et al., 2022).

We first described how changes in in-person social contact (outside the household) 
affected the mental health of UK adults in the first year of the COVID-19 pandemic, and 
then examined whether these effects were moderated by changes in telephone and digital 
modes of social contact. We found little evidence to support the idea that online modes 
of social contact could compensate for the restrictions in in-person social contact during 
the pandemic. We also described whether there were differences in the effect of social 
contact across age-cohorts, as the youngest adults are known to have suffered the most 
in terms of their mental health both before and during the pandemic (Gagne et al., 2022). 
The key contribution of this study is the use of regional by period differences as exoge-
nous determinants of changes in in-person social contact, to identify a causal effect of 
in-person social contact on mental health. This allowed us to show that while there was 
a causal effect of a reduction in in-person social contact on poorer mental health, this 
effect was small.

Theoretical Background and Hypotheses

House et al. (1988) argued that the lack of social relationships was just as important a risk 
factor for poor health as smoking, blood pressure, obesity and physical activity. A meta-
analysis of 148 studies later concluded that the influence of social relationships on risk for 
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mortality is comparable with well-established risk factors for mortality (Holt-Lundstad et 
al., 2010). The theoretical underpinnings of these associations come from life-course the-
ories on social relationships and health, and in particular, Kahn and Antonucci’s (1980) 
social convoy theory. This theory conceptualised social relationships as a convoy in which 
individuals are surrounded by supportive others who move with them throughout the life-
course. Key features of social relationships include the structural aspects of the social 
network, the exchange of support within relationships and the perceived quality of rela-
tionships. These relationships vary in their closeness, their quality, their function and their 
structure, and have been shown to influence health and well-being.

A key limitation of the social convoy model is the lack of consideration on changing 
modes of social interaction. The theory was developed prior to technological develop-
ments that enabled cheap and easy modes of remote social contact. The role of technology 
(internet, smartphones and social media) is now explicitly considered in an update of the 
theory (Antonucci et al., 2019). However, the theory remains equivocal about the impact 
of changing modes of social interaction on health and well-being, highlighting the poten-
tial for positive effects (such as the maintenance of strong ties over long distances) as well 
as negative effects (such as through the isolating nature of some social media).

Moreover, there is a lack of adequate consideration of the different typologies of digi-
tal social contact. In contrast to in-person, one-to-one and synchronous modes of social 
contact, digital and phone modes of social interaction can be one-to-one or one-to-many, 
as well as synchronous or asynchronous modes of communication. Each of these modes 
may have different effects on well-being, given the diversity in feedback (instant vs. 
delayed) and the presence or absence of complex non-verbal cues, such as facial expres-
sions, gazes and gestures (Frith, 2009).

There is considerable debate around whether digital online social interactions (through 
social media platforms) have positive or negative effects on mental well-being, espe-
cially among adolescents and young adults (Valkenburg et al., 2022), but also in the older 
adult population (Stuart et al., 2022). Interactions online may not provide the same ben-
efits to well-being as face-to-face interactions because of limited communication feed-
back and cues (Yang et al., 2013). Moreover, social media could lead to greater 
opportunities for social comparisons and negative interactions such as cyberbullying, 
which could lead to negative and lower well-being (Kowalski et al., 2014). Furthermore, 
with a greater amount of time spent online, there is a risk of mental overload due to 
multi-tasking, and displacement of health promoting activities such as sleep and exer-
cise, which can lower well-being (Klimmt et al., 2017).

On the other hand, online social contacts could lead to greater informational and net-
work resources, representing a new form of social capital, which in turn is linked to 
greater well-being (Ellison et al., 2007). Early on in the pandemic, several commentators 
suggested that online communication modes and video technology in particular can 
bridge social distances during the pandemic (Galea et al., 2020) and compensate for the 
lack of face-to-face in-person social contact (David and Roberts, 2021; Pancani et al., 
2021). People were reminded that the government guidelines stipulated ‘physical dis-
tancing, not social distancing’. Online communication technologies could reduce social 
isolation through developing social connections with new people, gaining social support 
and boosting self-confidence, particularly among older adults (Jutai and Tuazon, 2022). 
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This leads to the idea of a ‘compensation’ model, in which those who lack social support 
and networks may profit most from digital online social interactions. The ‘poor get 
richer’ hypothesis posits that people with fewer social resources (and smaller in-person 
social networks) may generally be more comfortable interacting online than face-to-face, 
and will therefore benefit most from online communication (McKenna et al., 2002).

The need to examine whether digital and online modes of communication compen-
sated for a reduction in in-person social contact during the pandemic leads us to our first 
hypothesis (H1 – the compensation hypothesis): the beneficial effect of maintaining 
social contact through phone/digital/online modes was greater among people with 
reduced in-person social contact. We expect to find evidence of a significant interaction 
between in-person social contact and phone/digital/online contact modes in their effects 
on mental health.

An additional criticism of the social convoy model is that the empirical analysis has 
often been restricted to later life. We have previously shown that social relationships in 
early adulthood have a greater impact on stress and health compared with later life 
(Rouxel et al., 2022). Furthermore, the pandemic had much larger effects on the mental 
health of young adults compared with older adults, with young adults already having 
poorer levels of mental health before COVID-19 (Gagne et al., 2022; Knowles et al., 
2022).

Adolescents and young adults who already had a high degree of social anxiety before 
the pandemic may not have been as adversely affected (in terms of mental health) by the 
pandemic restrictions in in-person social contact and the switch to digital and online 
modes of communication. Instead, it may be the young adults who changed their social 
contact behaviour to online modes because of the pandemic who may have suffered the 
most (‘rich get poorer’). There are also potential cohort differences in the effect of digital 
and online modes of communication on mental health, as digital communication modes 
may not suit older adults who have decreased internet access and lack digital communi-
cation skills. Older adults tend to use digital technology to maintain and preserve in-
person relationships, rather than to make new connections. Moreover, while older adults 
may have increased their online modes of communication during the pandemic, this may 
not have compensated for their feelings of loneliness (Holaday et al., 2022). The debates 
around whether social media use and other forms of social contact have positive or nega-
tive effects on mental health that are different across age-cohorts leads us to our second 
hypothesis (H2 – the rich get poorer): young adults with weak pre-existing preferences 
for online social contact were more affected in terms of mental well-being by a reduction 
in in-person social contact during the pandemic compared with their age-peers with 
higher pre-pandemic online contact.

Another key limitation in the theoretical and empirical research on social relation-
ships and health is a lack of causal analyses and in-depth consideration of simultaneous 
causation, reverse causality and unobserved confounding factors. Most studies on social 
relationships and health explicitly list reverse causation as a limitation. In longitudinal 
studies of social relationships and health that control for baseline health, there is an 
attempt to control for reverse causation. However, there may be other factors that drive 
the association between social relationships and future health that are not controlled for 
in observational analysis.
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This study exploits the ‘natural experiment’ of regional differences in household mix-
ing arising from pandemic-related government restrictions, to estimate the causal effect 
of social contact on mental health. The UK government and devolved authorities imposed 
a national lockdown on 23 March 2020, with residents across all regions and different 
countries of the UK required to stay at home except for essential reasons. These restric-
tions were in place during the period of the May 2020 survey of this study, when most 
people never met anyone outside their household and there were no regional differences 
in such contact (Figure 1). Restrictions in social contact were steadily eased across the 
UK in the summer, although there were much stricter restrictions in social contact 
(‘household mixing’) for residents in the north of England. This resulted in an increase 
in household mixing during the September–October survey compared with the May sur-
vey although adults in the north of England were more likely to never meet anyone out-
side their household. In England, household mixing was prohibited once again on 5 
January 2021 until 29 March 2021, whereas the lifting of this ban was a little earlier in 
Scotland (on 12 March) and Wales (13 March). The period from May 2020 to March 
2021 thus coincided with a reduction in government restrictions in household mixing by 
September–October 2020, although with considerably more restrictions in the north of 
England, as well as a subsequent return to greater restrictions in household mixing in all 
regions and countries in the first months of 2021.

The need for stronger causal evidence for the association between social relationships 
and mental health leads us to our third hypothesis (H3 – causal hypothesis) – that the 
increase in poor mental health related to the decrease in in-person social contact is not 
affected by unmeasured time-varying confounding factors. Although all three hypothe-
ses address the effect of social contact on mental health, it is only in the third hypothesis 

Figure 1. Mean (95% confidence intervals) of in-person social contact in the north of England, 
the south of England, Wales and Scotland from May 2020 to March 2021.
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that we can weaken the assumptions around causal inference as we exploit the natural 
experiment of pandemic-related social restrictions. As these social restrictions targeted 
household mixing, we could not use the same natural experiment to examine hypotheses 
1 and 2, which included other modes of social contact.

Methods

Data

The Centre for Longitudinal Studies carried out three surveys of the participants of four 
national longitudinal cohort studies during the coronavirus pandemic (Brown et al., 
2021). The wave 1 survey was carried out at the height of lockdown restrictions in May 
2020. The wave 2 survey was conducted in September/October 2020, a period when 
restrictions were lifted in some places. The wave 3 survey took place in February/March 
2021, during the third UK lockdown. These studies follow large nationally representa-
tive groups of people since birth in the UK, and their ages ranged from 19 through to 63:

•• Millennium Cohort Study (MCS) (born 2000–2002) who were aged between 19 
and 21 years;

•• Next Steps (born 1989–1990) who were aged 31–32 years;
•• 1970 British Cohort Study (BCS70), who were 51 years;
•• 1958 National Child Development Study (NCDS), who were aged 63 years.

The data are available for researchers to download from the UK Data Service. Further 
details on the studies and sampling design are detailed in Supplemental file S1.

Variables

Dependent Variables

A scale of anxiety and depression was created by combining responses to questions from 
the GAD-2 (Generalised Anxiety Disorder 2-item) (Kroenke et al., 2007) and the PHQ-2 
(Patient Health Questionnaire 2-item) (Kroenke et al., 2003). The GAD-2 is a brief 
screening tool for generalised anxiety disorder with questions on ‘feeling nervous, anx-
ious or on edge’ and ‘not being able to stop or control worrying’ over the last two weeks. 
The PHQ-2 enquires about the frequency of depressed mood and anhedonia with ques-
tions on ‘little interest or pleasure in doing things’ and ‘feeling down, depressed or hope-
less’ over the last two weeks. Responses for both the GAD-2 and the PHQ-2 ranged from 
1 (not at all), 2 (several days), 3 (more than half the days) and 4 (nearly every day). The 
alpha scale reliability coefficient of the four items was 0.88 at each wave. The mean of 
the four items at each wave was generated with a range from 1 to 4 with higher values 
indicating greater anxiety and depression.

The Kessler scale (Kessler et al., 2003) is a quantifier of non-specific psychological 
distress (only available in the MCS cohort). It consists of six questions about depressive 
and anxiety symptoms that a person has experienced in the last 30 days. Responses 
ranged from 1 (all of the time) to 5 (none of the time). The mean of the six items at each 
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wave was generated with a range from 1 to 5 with higher values indicating greater psy-
chological distress.

Independent Variables (Details in Online Supplemental Files S2 and S3)

Respondents were asked about the frequency of different modes of social contact: ‘In the 
last seven days, did you:

(1) meet up in-person with any of your family or friends who do not live with you;
(2) talk to family or friends who do not live with you via phone or video calls;
(3) keep in contact with family or friends you do not live with by email or text or 

other electronic messaging;
(4) take part in an online community activity, e.g. an online community group, online 

chat group, street or neighbourhood social media group?’

Respondents chose options between every day, 4–6 days, 2–3 days, 1 day and never. 
There was little correlation between the different modes of social contact except for 
some moderate correlation (around 0.45) between talking to family/friends via video or 
phone and contact by electronic message (see Supplemental file S2).

Pre-pandemic social media use frequency (MCS cohort only): respondents were 
asked ‘on a normal weekday, how many hours do you spend on social networking or 
messaging sites or apps on the internet such as Facebook, Twitter, WhatsApp, Instagram 
and Snapchat?’ Response categories included none, <30 minutes, 30–60 minutes, 
1–2 hours, 2–3 hours, 3–5 hours, 5–7 hours, 7–10 hours, >10 hours. This was coded into 
a binary variable of less than 2 hours a day (28%) to 2 or more hours a day (72%). On 
average, people spend 2.5 hours a day on social media although younger people spend 
much more time on social media. A relatively low cut-off for daily social media use (at 
2 hours) was chosen to identify a group of young adults who prior to the pandemic did 
not engage much with social media.

Covariates were chosen based on factors that have previously been associated with 
poor mental health during the pandemic and that could confound the effect of social 
contact on mental health (Chandola et al., 2022; Patel et al., 2022). COVID-19 symp-
toms and testing positive for COVID-19 were measured. Respondents were asked about 
their financial situation, comparing their current financial situation with before the coro-
navirus outbreak in terms of whether they were worse off, a little worse off, about the 
same, a little better off or much better off. They were also asked if they were a ‘key 
worker’, or if their work had been classified as critical to the COVID-19 response. Self-
rated health was measured by responses to their rating of health as excellent, very good, 
good, fair or poor. This was coded into a binary variable of good health (excellent/very 
good) and poor health (good to poor). Household size was coded into people living alone 
or with others in the house.

Statistical Analyses

All statistical analyses were carried out in Stata (v14). The distribution of the anxiety-
depression scale at each wave by the independent variables was examined. We used fixed 
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effects linear regression models for H1 and H2 to analyse the effect of within person 
changes in the frequency of mode of social contact and the covariates on changes in 
anxiety-depression. Robust standard errors were used to adjust model-based standard 
errors to allow for violations of linear regression model assumptions that include homo-
scedasticity and normality of the errors (Mansournia et al., 2021). In Stata, xtreg fits 
regression models to panel data – see Online Supplemental file S1.1 for more details. 
Fixed effect models eliminate bias from time constant confounders, but time varying 
confounding could still bias estimates from these models. Moreover, strict exogeneity 
(e.g. the absence of reverse causation) is assumed.

To examine H1, we examined evidence for an interaction effect between in-person 
social contact and phone/digital/online modes of social contact. A smaller effect of in-
person social contact on mental health among those who frequently used phone/digital/
online modes of social contact more frequently would suggest some evidence for the 
compensation hypothesis.

For H2, we first examined whether there were any differences between the age-
cohorts in the effect of the mode of social contact on mental health by stratifying the 
fixed effects models by age-cohort. A statistical test of interaction of age-cohort with 
mode of social contact was examined to see if there were significant differences in the 
pattens of mental health by age-group. We also analysed the youngest age-group (from 
MCS) separately; we examined whether there was a difference in the estimates of mental 
health from the fixed effects models for those with and without a preference for online 
social contact.

For H3, we conducted an instrumental variable analysis. An instrumental variable 
(IV) is a variable (Z) that is highly correlated with one of the independent variables (X) 
but is uncorrelated with the error term (Angrist et al., 1996). In Stata, xtivreg with the fe 
option uses the two-stage least-squares within estimator for fitting panel-data models in 
which some of the right-hand-side covariates are endogenous – see Figure 2 for an 
illustration.

In Online Supplemental file S5.1 we detail how policy changes in household mixing 
across the pandemic and between the countries and regions of the UK affected the fre-
quency of in-person social contact during the period May 2020 to March 2021. We argue 
that the pandemic-related social restrictions are a natural experiment that changed mode 
of social contact in the UK during the pandemic. We argue that this country/regional by 
time variation in social restriction policies had a causal effect on in-person social contact 
(the relevance criteria). The allocation of people to different treatment (policy) regimes 
is independent of other causes of mental health (exogeneity criteria).

In the IV analysis, there was one endogenous regressor (meeting up in-person with 
non-household people in the last week), and three instrumental variables used in the first 
stage. The instrumental variables were three dummy variables to indicate whether the 
observation was drawn from a wave 2 sample respondent living in either the south of 
England, Wales and Scotland, with the reference being an observation from either wave 
1 or wave 3, or a person living in the north of England. The instrumental variables thus 
distinguish between people living in the north of England at wave 2, who were subject to 
greater restrictions in household mixing, and other regions/countries and periods.
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Weights. The data depositors have calculated longitudinal weights that take account of 
the sample selection (design weights) as well as correct for non-response in the COVID-
19 wave 1, 2 and 3 surveys. Most of the missing data in the samples at waves 1 and 2 was 
because of the application of the longitudinal wave 3 weights (Online Supplemental file 
S6 details missing data in the analytical sample and how the weights compensated for 
unit and item non-response). For the purposes of weighting, the target population of each 
cohort was defined as individuals born in the specified birth period of the cohort who are 
alive and still residing in the UK (Online Supplemental file S1). Details of the derivation 
of the weights are shown in the user guide (Brown et al., 2021). The longitudinal wave 3 
weights were applied in all the descriptive statistics, fixed effects models and instrumen-
tal variables models.

Results

The mean (SD) of the anxiety-depression scale by the key variables in the analyses at 
each wave is presented in Table 1. The highest levels of anxiety-depression at any wave 
were among those who never met any family/friends (outside home) during the pan-
demic. Figure 3 illustrates the changing distribution of (the infrequency of) in-person 
social contact by wave, with the wave 2 line being much flatter compared with the steep 
increasing lines at waves 1 and 3. However, the distribution of the other (in)frequency of 
social contact variables by video/phone, email/text or social media use did not change 
much from May 2020 to February–March 2021.

Table 2 shows the results of the fixed effects models predicting anxiety-depression by 
the social contact variables. In Model 1, a decrease in in-person social contact was asso-
ciated with an increase in anxiety-depression. People who reduced their in-person social 
contact from four to six days/week to never had an increase of 0.04 (95% CI: 0.02–0.06) 

Figure 2. Criteria of instrumental variables models.
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Table 1. Mean (SD) of anxiety-depression (range: 1–4) by mode of social contact and covariates.

May 20 n Sep–Oct 20 n Feb–Mar 21 n

Met people in-person
Every day 1.46 (0.64) 267 1.52 (0.70) 1510 1.61 (0.77) 669
4–6 days 1.41 (0.64) 342 1.52 (0.66) 1887 1.57 (0.70) 833
2–3 days 1.47 (0.63) 972 1.52 (0.67) 4788 1.59 (0.71) 2413
1 day 1.49 (0.64) 2283 1.57 (0.71) 3997 1.58 (0.70) 4181
Never 1.54 (0.70) 6375 1.63 (0.78) 2237 1.63 (0.76) 7032
Talked to family/friend via video/phone
Every day 1.53 (0.69) 3777 1.58 (0.73) 3947 1.62 (0.75) 4293
4–6 days 1.47 (0.63) 1843 1.51 (0.66) 2171 1.54 (0.68) 2275
2–3 days 1.49 (0.65) 3118 1.50 (0.65) 4737 1.57 (0.70) 4988
1 day 1.56 (0.71) 1148 1.57 (0.72) 2350 1.65 (0.76) 2545
Never 1.70 (0.83) 353 1.68 (0.78) 1214 1.77 (0.86) 1027
Contacted family/friend by electronic message (msg)
Every day 1.58 (0.70) 5630 1.62 (0.74) 6519 1.67 (0.76) 6891
4–6 days 1.46 (0.64) 1685 1.49 (0.65) 2536 1.56 (0.70) 2556
2–3 days 1.42 (0.63) 1914 1.48 (0.65) 3394 1.53 (0.69) 3647
1 day 1.44 (0.64) 628 1.49 (0.66) 1178 1.54 (0.72) 1272
Never 1.50 (0.74) 382 1.58 (0.78) 792 1.60 (0.80) 762
Took part in an online community activity
Every day 1.52 (0.66) 1100 1.63 (0.74) 1252 1.69 (0.77) 981
4–6 days 1.53 (0.68) 588 1.57 (0.69) 584 1.58 (0.65) 577
2–3 days 1.49 (0.63) 1777 1.56 (0.67) 1493 1.57 (0.67) 1596
1 day 1.50 (0.67) 2106 1.53 (0.66) 1852 1.56 (0.70) 2377
Never 1.53 (0.70) 4668 1.54 (0.71) 9238 1.62 (0.75) 9597
Sex
Male 1.44 (0.02) 6205 1.47 (0.02) 4654 1.50 (0.02) 5397
Female 1.68 (0.02) 6386 1.65 (0.02) 5021 1.71 (0.02) 5891
COVID symptoms  
No 1.52 (0.01) 9860 1.52 (0.01) 9257 1.57 (0.01) 9385
Yes 1.71 (0.03) 2593 1.81 (0.04) 1558 1.84 (0.04) 1898
Tested positive for COVID-19  
No 1.56 (0.01) 12,457 1.59 (0.01) 16,984 1.64 (0.01) 18,380
Yes 2.07 (0.4) 50 1.64 (0.08) 261 1.71 (0.04) 1611
Self-rated health  
Excellent/Very Good 1.40 (0.01) 6740 1.39 (0.01) 5916 1.42 (0.01) 5605
Good–Poor 1.75 (0.02) 5851 1.77 (0.02) 4914 1.8 (0.02) 5680
Finances  
Much worse off 1.82 (0.05) 1173 1.95 (0.06) 841 1.98 (0.05) 1161
A little worse off 1.6 (0.03) 2910 1.62 (0.03) 1865 1.66 (0.03) 2027
About the same 1.53 (0.02) 5841 1.53 (0.02) 5701 1.56 (0.02) 5022
A little better off 1.48 (0.02) 2156 1.48 (0.03) 1951 1.54 (0.03) 2331

 (Continued)
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May 20 n Sep–Oct 20 n Feb–Mar 21 n

Much better off 1.49 (0.03) 478 1.49 (0.05) 458 1.51 (0.03) 731
Household (hh) size  
More than 1 person 1.56 (0.01) 10,478 1.56 (0.01) 8863 1.62 (0.01) 9192
Single person hh 1.58 (0.03) 2103 1.56 (0.03) 1935 1.59 (0.04) 2065
Keyworker  
Not in paid work 1.66 (0.02) 7281 1.75 (0.02) 7176 1.82 (0.02) 9352
Keyworker 1.46 (0.02) 2837 1.49 (0.02) 4627 1.53 (0.02) 5862
Not a keyworker 1.39 (0.02) 2396 1.45 (0.02) 5430 1.47 (0.02) 4717

Table 1. (Continued)

in anxiety-depression (Model 1). The effect of in-person social contact did not change 
when controlling for the other social contact variables (Model 2) or covariates (Model 3). 
Poor self-rated health, testing positive for COVID-19 and being financially much worse 
off during the pandemic increased levels of anxiety-depression. The size of the reduction 
in in-person social contact on poor mental health (0.04) was half that of the effect of poor 
self-rated health (0.08) and nearly a quarter of the effect of going from a very good to a 
very poor financial position (0.15).

There was little evidence of a significant interaction between in-person social con-
tact and the other social contact variables (Figure 4), suggesting no evidence for the 
compensation hypothesis (H1). We additionally tested the strict exogeneity assump-
tion, which rules out feedback from the dependent variables to the explanatory varia-
bles. The weighted fixed effects models in Table 2 (Model 3) were re-estimated, this 

Figure 3. Trends in social contact, May 2020 to February–March 2021.
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Table 2. Estimates (95% CI) of anxiety-depression from fixed effect models with mode of 
social contact and covariates.

Model 1 Model 2 Model 3

Met people in-person (ref: 4–6 days)
Every day 0.02 (−0.01, 0.05) 0.02 (−0.01, 0.05) 0.02 (−0.01, 0.05)
2–3 days 0.03 (0.004, 0.05) 0.03 (0.004, 0.05) 0.02 (0.003, 0.05)
1 day 0.04 (0.02, 0.06) 0.04 (0.02, 0.06) 0.04 (0.02, 0.06)
Never 0.04 (0.02, 0.06) 0.04 (0.02, 0.06) 0.04 (0.02, 0.06)
Talked to family/friend via video/phone (ref: Every day)
4–6 days −0.003 (−0.02, 0.02) −0.004 (−0.02, 0.02)
2–3 days 0.003 (−0.02, 0.02) 0.002 (−0.02, 0.02)
1 day 0.03 (0.01, 0.06) 0.03 (0.01, 0.06)
Never 0.04 (0.003, 0.07) 0.04 (0.003, 0.07)
Contacted family/friend by electronic msg (ref: Every day)
4–6 days 0.001 (−0.02, 0.02) 0.001 (−0.02, 0.02)
2–3 days <0.001 (−0.02, 0.02) <0.001 (−0.02, 0.02)
1 day 0.01 (−0.02, 0.04) 0.01 (−0.02, 0.04)
Never −0.01 (−0.04, 0.02) −0.01 (−0.05, 0.02)
Took part in an online community activity (ref: Every day)
4–6 days <0.001 (−0.03, 0.03) −0.003 (−0.03, 0.03)
2–3 days −0.01 (−0.04, 0.01) −0.02 (−0.04, 0.01)
1 day 0.01 (−0.02, 0.03) 0.01 (−0.02, 0.03)
Never 0.01 (−0.01, 0.04) 0.01 (−0.01, 0.04)
COVID infection (ref: no)
Yes 0.01 (−0.01, 0.03)
Tested positive COVID-19 infection (ref: no)  
Yes 0.07 (0.04, 0.11)
Self-rated health (ref: Excellent/Very Good)
Good to Poor 0.08 (0.06, 0.10)
Finances (ref: much worse off)  
A little worse off −0.09 (−0.13, −0.06)
About the same −0.11 (−0.15, −0.08)
A little better off −0.13 (−0.17, −0.09)
Much better off −0.15 (−0.21, −0.09)

Household size (ref: more than 1 person)
Single person hh 0.001 (−0.01, 0.01)
Keyworker (ref: not in work)  
In work: keyworker −0.01 (−0.04, 0.02)
In work: not keyworker −0.01 (−0.03, 0.01)
Intercept 1.51 (1.49, 1.52) 1.49 (1.46, 1.52) 1.57 (1.52, 1.61)
R-sq 0.001 0.002 0.012
within 0.001 0.003 0.101
between 0.001 0.003 0.072
n obs 39,463 39,463 39,463
n individuals 16,090 16,090 16,090
rho 0.75 0.75 0.75

Note: Coefficients in bold indicate statistical significance at p < 0.05.
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time including the explanatory variables lagged forward by one wave. The null hypoth-
esis, that these lagged explanatory variables are strictly exogenous, was tested by 
examining the joint significance F-test of all the lagged variables. The significance of 
the F-test was 0.4, suggesting that there is no feedback observed and that the strict 
exogeneity assumption held.

In Figure 5, we show the fixed effects estimates of the different modes of social con-
tact on anxiety-depression by wave for each age-cohort. Some striking patterns can be 
observed. Firstly, the younger cohorts, particularly those aged around 20 years, had much 
higher levels of anxiety-depression. Moreover, the effect of less frequent in-person social 
contact and contact by video/phone on anxiety-depression appeared to be stronger in the 
younger compared with the older cohorts, although the formal test of statistical signifi-
cance (the cohort by contact mode interaction) indicated that there was no statistical 
difference between the overall effects reported in Table 2 and the patterns observed in 
Figure 5 (see Online Supplemental file S7, Models 1 and 2). However, for frequency of 
social media use, a different U-shape pattern can be observed for the cohort aged 20, in 
contrast to the largely linear pattern observed for the other modes of social contact. Here, 
there was a statistically significant difference between the age-cohorts, with the effect of 
reducing social media frequency from daily to around two to six times a week being 

Figure 4. Predicted anxiety-depression (95% CI) derived by the interaction of in-person social 
contact with video/phone, electronic message and online community activity.
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more negative (indicating better mental health) for the youngest age-cohort than the cor-
responding effect for those aged 62 (see Online Supplemental file S7, Model 4).

In Figure 6, we analyse just the youngest cohort aged 20. Restricting our analysis to 
this age-group enabled us to analyse an additional mental health measure, the Kessler 
psychological distress scale. Here, we examine the rich-get-poorer hypothesis (H2). 
Young adults who had lower social media use prior to the pandemic and daily social 
media use during the pandemic had the highest levels of anxiety-depression compared 
with young adults with similar (low) social media use prior to the pandemic but who only 
used social media two to three days a week. This was a pattern that was observed for both 
mental health variables. In contrast, for the young adults who had higher levels of social 
media use prior to the pandemic (greater than two hours a day), their social media use 
during the pandemic did not affect their mental health. Their mental health was consist-
ently poorer (higher) than the group of young adults with lower social media use prior to 
the pandemic.

H3 is examined in Table 3, which compares the coefficients from the fixed effects 
analysis of the effect of in-person social contact on anxiety-depression with the coeffi-
cients from the second stage of the IV analysis. The models analysed in Table 3 measure 
in-person social contact as a linear continuous variable. In the fixed effects model, a one 
unit increase in more frequent in-person social contact resulted in a 0.01 decrease in 
anxiety-depression. In the IV analysis, the endogenously predicted increase in in-person 
social contact resulted in a 0.02 decrease in anxiety-depression, with narrower confi-
dence intervals compared with the fixed effects model. The larger IV estimates suggest 

Figure 5. Predicted anxiety-depression (95% CI) by mode of social contact and age-cohorts 
(see Supplemental file S7).
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stronger causal evidence of the effect of reduced in-person social contact on poorer men-
tal health (H3).

The assumptions and criteria of the IV analyses and sensitivity analyses are examined 
in Online Supplemental file S9.1. This shows strong evidence for the relevance criteria 
for instrumental variables analysis, little evidence of that the first stage equation is under 
identified and that the weak identification hypothesis can be rejected. The test for over-
identification indicates little evidence against the null hypothesis, which is that the 
instruments are valid instruments. The lack of any country/region differences in anxiety-
depression (Online Supplemental file S5.3) suggests that the exclusion restriction criteria 
holds. If there are no country/regional differences in anxiety-depression, the effect of 
changes in country/regional differences in household mixing policies on mental health is 
only through its effect on in-person social contact. We also conducted sensitivity analy-
ses using cross-sectional instrumental variable models and found similar results to the 
panel models (Online Supplemental files S9.1 and S9.3).

Discussion

We found little evidence for the compensation hypothesis (H1). The reduction in mental 
health associated with reduced in-person social contact during the pandemic was not 
offset by online or telephone modes of social contact. Similar results have been found in 

Figure 6. Predicted Kessler scale and anxiety-depression (95% CI) by frequency of online 
community activity during the pandemic, stratified by pre-pandemic social media use hours 
among adults aged 20 (see Supplemental file S8).
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the UK and the USA, albeit with limited data during the course of the pandemic and 
limited causal inference (Hu and Qian, 2021b). However, a reduction in phone/video 
contact was also associated with an increase in anxiety-depression, so there is some evi-
dence that online and telephone modes of synchronous social contact that are largely 

Table 3. Estimates (95% CI) from fixed effects (FE) models and second stage instrumental 
variable (IV) models predicting anxiety-depression.

FE Second stage IV

Met people in-person more frequently 
(endogenous)

−0.01 (−0.01, −0.002)  

Predicted more frequent meetings in-person −0.02 (−0.03, −0.01)
Talked to family/friend via phone/video calls (ref: Every day)  
4−6 days −0.005 (−0.02, 0.01) −0.003 (−0.02, 0.02)
2−3 days 0.002 (−0.02, 0.02) 0.002 (−0.02, 0.02)
1 day 0.03 (0.01, 0.06) 0.03 (0.01, 0.06)
Never 0.04 (0.01, 0.07) 0.04 (0.01, 0.07)
Contact family/friend by electronic msg (ref: Every day)  
4−6 days 0.002 (−0.01, 0.02) 0.002 (−0.01, 0.02)
2−3 days 0.001 (−0.02, 0.02) 0.001 (−0.02, 0.02)
1 day 0.01 (−0.02, 0.04) 0.01 (−0.01, 0.04)
Never −0.01 (−0.04, 0.03) −0.01 (−0.04, 0.03)
Took part in an online community activity (ref: Every day)  
4−6 days −0.004 (−0.03, 0.03) −0.005 (−0.04, 0.03)
2−3 days −0.02 (−0.04, 0.01) −0.02 (−0.04, 0.01)
1 day 0.005 (−0.02, 0.03) 0.003 (−0.02, 0.03)
Never 0.01 (−0.01, 0.04) 0.01 (−0.01, 0.04)
COVID infection (ref: no)  
Yes 0.01 (−0.01, 0.03) 0.01 (−0.01, 0.03)
Tested positive COVID−19 infection (ref: no)  
Yes 0.07 (0.03, 0.11) 0.07 (0.03, 0.10)
Self-rated health (ref: Excellent/Very Good)  
Good to Poor 0.08 (0.06, 0.10) 0.08 (0.06, 0.10)
Finances (ref: much worse off)  
A little worse off −0.09 (−0.13, −0.06) −0.09 (−0.13, −0.06)
About the same −0.11 (−0.15, −0.08) −0.11 (−0.15, −0.08)
A little better off −0.13 (−0.17, −0.09) −0.13 (−0.17, −0.09)
Much better off −0.15 (−0.21, −0.09) −0.15 (−0.21, −0.10)
Household size (ref: more than 1 person)  
Single person household −0.01 (−0.03, 0.01) −0.01 (−0.03, 0.01)
Keyworker (ref: not in work)  
In work: keyworker −0.01 (−0.04, 0.02) −0.01 (−0.04, 0.02)
In work: not keyworker −0.01 (−0.03, 0.01) −0.004 (−0.03, 0.02)

Note: Coefficients in bold indicate statistical significance at p < 0.05.
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one-to-one could influence mental health, even though they are not a substitute for in-
person social contact. Asynchronous modes of communication like emails and text mes-
sages were not associated with mental health and neither was online social media 
engagement for older adults, although the pattern for young adults aged around 20 years 
was markedly different. Young adults who increased their online social media activity 
during the pandemic experienced a deterioration in their mental health (H2 – the rich get 
poorer). This result adds considerably to existing research that suggests greater online 
social media engagement is not good for the mental health of adolescents and young 
adults (Hancock et al., 2022; Marciano et al., 2021).

For hypotheses 1 and 2, we had to assume that there were no time-varying unmeas-
ured confounders that were affecting modes of social contact and mental health. We 
could weaken this assumption for hypothesis 3, where we found stronger evidence of a 
causal effect of in-person social contact on anxiety-depression (H3). However, the effect 
of in-person social contact and the R-sq of the fixed effect models were small. The effect 
size of in-person social contact is about a quarter of the effect of financial position. It is 
important to remember that the periods of observation coincided with a general increase 
in in-person social contact in the UK from May 2020 to March 2021, rather than the sud-
den reduction in social contact at the start of the pandemic. It is possible that there may 
have been a much larger effect of a drastic reduction in in-person social contact at the 
start of the pandemic. Moreover, this study examined only one aspect of social relation-
ships, the frequency of social contact. It is possible that the emotional content of social 
relationships may be more important in explaining mental health.

We make the following contributions to life-course theory on social relationships and 
mental health. Existing models like the social convoy model (Kahn and Antonucci, 1980) 
are not explicit about the importance of the mode of social contact. We find strong evi-
dence that the mental health benefits of in-person modes of social contact cannot be 
substituted by online or asynchronous modes of social contact. We also address one of 
the major limitations of the social convoy model by adding to the causal claims about the 
importance of social relationships for mental health. Here we find consistent evidence of 
a causal effect of in-person social contact on mental health, using the natural experiment 
of COVID-19 pandemic social restrictions as an exogenous determinant of changes in 
social contact.

We additionally highlight the importance of young adulthood as a sensitive life-
course period for the effect of social relationships on mental health (Orben et al., 
2020), in contrast to a tendency on life-course research to focus on later-life relation-
ships (Fuller et al., 2020). An increase in online social media contact was detrimental 
for the mental health of group of young adults who did not engage much with social 
media prior to the pandemic. This is similar to findings that adolescents and young 
adults with better mental health prior to the pandemic experienced a notable mental 
health decline during the pandemic (Gagne et al., 2022) while those with poor mental 
health prior to the pandemic experienced an improvement (Hu and Qian, 2021a). Life-
course theories on social relationships and health need to explicitly consider differ-
ences between age-cohorts in the effect of digital and in-person modes of social contact 
on mental health.
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Conclusion

The study provided strong evidence on how changes in the mode of social relationships 
during the COVID-19 pandemic in the UK affected the mental health of adults. There 
was little evidence to support the idea that online modes of social contact could compen-
sate for the restrictions in in-person social contact during the pandemic. Young adulthood 
is a sensitive period of the life-course for social relationships, with increases in online 
social media frequency during the pandemic having adverse effects on mental health.
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