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Abstract

Background Childhood maltreatment (CM) has been indicated in adverse health outcomes across the lifespan,
including severe infection-related outcomes. Yet, data are scarce on the potential role of CM in severe COVID-19-re-
lated outcomes as well as on mechanisms underlying this association.

Methods We included 151,427 individuals in the UK Biobank who responded to questions on the history of CM

in 2016 and 2017 and were alive on January 31, 2020. Binomial logistic regression models were performed to estimate
the association between a history of CM and severe COVID-19 outcomes (i.e. hospitalization or death due to COVID-
19), as well as COVID-19 diagnosis and vaccination as secondary outcomes. We then explored the potential mediating
roles of socio-economic status, lifestyle and pre-pandemic comorbidities, and the effect modification by polygenic
risk score for severe COVID-19 outcomes.

Results The mean age of the study population at the start of the pandemic was 67.7 (SD=7.72) years, and 56.5%
were female. We found the number of CM types was associated with the risk of severe COVID-19 outcomes

in a graded manner (Pg,, 1rong < 0.01). Compared to individuals with no history of CM, individuals exposed to any

CM were more likely to be hospitalized or die due to COVID-19 (odds ratio [OR]=1.54 [95%CI 1.31-1.81]), particu-
larly after physical neglect (2.04 [1.57-2.62]). Largely comparable risk patterns were observed across groups of high
vs. low genetic risks for severe COVID-19 outcomes (P, girerence > 0-05). Mediation analysis revealed that 50.9%

of the association between CM and severe COVID-19 outcomes was explained by suboptimal socio-economic status,
lifestyle, and pre-pandemic diagnosis of psychiatric disorders or other chronic medical conditions. In contrast, any
CM exposure was only weakly associated with COVID-19 diagnosis (1.06 [1.01-1.12]) while significantly associated
with not being vaccinated for COVID-19 (1.21 [1.13-1.29]).

Conclusions Our results add to the growing knowledge base indicating the role of childhood maltreatment in nega-
tive health outcomes across the lifespan, including severe COVID-19-related outcomes. The identified factors underly-
ing this association represent potential intervention targets for mitigating the harmful effects of childhood maltreat-
ment in COVID-19 and similar future pandemics.
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Background

COVID-19 has spread widely around the world and has
now resulted in almost 7 million deaths and 100 million
hospitalizations worldwide [1, 2]. Both death and hospi-
talization are commonly used indicators of the severity
of COVID-19 illness [3, 4]. Accumulating evidence sug-
gests that older age [5], male sex [5], non-White ethnicity
[6], and genetic predisposition [7] are significant risk fac-
tors for severe COVID-19. In addition, psychosocial fac-
tors such as socio-economic status [8] and pre-pandemic
history of psychiatric disorders [9] have been indicated
in severe COVID-19 outcomes. While childhood mal-
treatment is one of the strongest risk factors for both low
socioeconomic status [10] and psychiatric disorders in
adulthood [11], less is known about its role in COVID-
19-related outcomes.

Childhood maltreatment, such as sexual, physical and
emotional abuse, or neglect, is common worldwide, affect-
ing 42.2% of children and adolescents in Europe and
58.4% in North America [12]. Previous studies have dem-
onstrated the role of childhood maltreatment in multiple
adverse health outcomes across the lifespan, including
psychiatric disorders, cardiovascular diseases, cancers,
and some infectious diseases [13—17]. Childhood mal-
treatment might impact COVID-19-related morbidity
and mortality outcomes through social, behavioural, emo-
tional, and biological pathways [18, 19]. Indeed, individuals
exposed to childhood maltreatment have been reported to
have lower socio-economic status (educational attainment
and income) in adulthood [10], more likely to have subop-
timal health behaviours (e.g. smoking) [20] and immune
function [21], and to be at higher risk of obesity [12], car-
diovascular disease [22], psychiatric disorders [11], and
other chronic diseases in adulthood [13], all of which are
associated with severe COVID-19 outcomes [23].

While two previous studies have reported a suggestive
link between the history of childhood maltreatment and
severe COVID-19 outcomes [24, 25], no study has yet
examined the role of specific childhood maltreatment
types on severe COVID-19 outcomes nor attempted to
disentangle potential underlying mechanisms of this
association. Moreover, the role of genetic predisposition
to COVID-19-related morbidity and mortality [26] in the
association between childhood maltreatment and severe
COVID-19-related outcomes remains unknown. Indeed,
addressing these knowledge gaps is imperative for
health policy and interventions targeting the reduction
of potential maltreatment-related negative outcomes in
COVID-19 and similar pandemics. Therefore, leveraging

the large population-based UK Biobank cohort with pre-
pandemic data on childhood maltreatment, we aimed to
comprehensively explore the associations between the
number and types of childhood maltreatment and severe
COVID-19 outcomes, as well as elucidate the mecha-
nisms underlying this association.

Methods

Study population and design

We used data from the UK Biobank cohort, which
recruited more than 500,000 participants aged
40-69 years from England, Scotland, and Wales between
2006 and 2010. At baseline, participants answered ques-
tions on demographic, socio-economic, lifestyle, and
health-related factors and provided biological sam-
ples for genetic studies [27]. Then, 339,092 participants
who agreed to be contacted again were invited to com-
plete online mental health questionnaires during 2016
and 2017, including a retrospective measure of child-
hood maltreatment. Of the invited participants, 46.4%
(n=157,366) responded to this online measure. Despite
those respondents being of higher average socio-eco-
nomic status, the reported mental health problems are
comparable to the population prevalence estimates for
the corresponding age group [28].

Health-related outcomes (e.g. diagnosis, hospitaliza-
tion, and death) for the participants were obtained peri-
odically through linkage with multiple national datasets.
Specifically, hospital inpatient data were obtained from
Hospital Episode Statistics for England (from 1997 to
September 30, 2021), the Scottish Morbidity Record for
Scotland (from 1981 to July 31, 2021), and the Patient
Episode Database for Wales (from 1998 to February
28, 2018). Mortality data were obtained from National
Health Service (NHS) Digital for England as well as
Wales (from 2006 to September 30, 2021) and NHS
Central Register for Scotland (from 2006 to October 31,
2021). Records of COVID-19 test results (by RT-PCR of
nose/throat swab samples) were obtained through link-
age to Public Health England (i.e. PHE, from March 16,
2020, to September 30, 2021), Public Health Scotland
(i.e. PHS, from March 16, 2020, to August 31, 2021), and
the Secure Anonymised Information Linkage (SAIL)
databank (from March 16, 2020, to August 31, 2021).
Additionally, information on the COVID-19 vaccina-
tion status was collected for participants of the COVID-
19 Self-Test Antibody study (from February 2021 to July
2021). Details of the COVID-19 Self-Test Antibody study
are described elsewhere [29, 30].
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In the present retrospective cohort study, we included
151,427 participants with information on childhood
maltreatment who were alive on January 31, 2020 (i.e.
first confirmed COVID-19 cases in the UK) in the analy-
sis. When exploring the potential effect modification by
genetic predisposition to severe COVID-19 outcomes,
we restricted the analytic sample to only White-British
participants considering the variations in genetic pre-
disposition across populations with different ancestries
[31, 32]. We excluded participants of non-White British
ancestry (n=14,079) or without eligible genotyping data
(i.e. genotyping rate < 99%, abnormal heterozygosity level,
or kinship coefficient>0.0884, n=19,555) [33], leaving
117,793 participants in this analysis. Additional file 1: Fig.
S1 shows the details of the study profile.

History of childhood maltreatment

The history of childhood maltreatment was measured
using the validated Childhood Trauma Screener (CTS)
[34, 35]. It consists of five items assessing whether and
how often individuals were exposed to the following
types of maltreatment during childhood: sexual abuse,
physical neglect, physical abuse, emotional neglect, and
emotional abuse, with response options ranging from
‘0’ (never true) to ‘4’ (very often true). Weak correla-
tions were observed among pairs of childhood maltreat-
ment types (Additional file 1: Fig. S2). The questions and
threshold values to define each type of childhood mal-
treatment are based on previous published studies [22,
36] and are shown in Additional file 2: Table S1. In our
study, we generated three types of exposure variables: (1)
a binary variable indicating any childhood maltreatment,
coded as ‘0’ (no) or ‘1’ (yes); (2) a cumulative variable
indicating the number of childhood maltreatment types
(range from 0O to 5), which was coded as ‘0; ‘1, 2, or ‘>3’
childhood maltreatment types according to the distribu-
tion of the entire study sample (Additional file 1: Fig. S3);
and (3) five binary variables for each type of childhood
maltreatment, coded as ‘0’ (no) or ‘1’ (yes).

COVID-19 outcomes

The main outcome of interest was severe COVID-19
outcomes during the study period (i.e. from January 31,
2020, to October 31, 2021). Specifically, participants
with a primary diagnosis (i.e. main condition treated or
investigated) as COVID-19 (ICD-10, U07.1 or U07.2) in
hospital inpatient data or with a cause of death recorded
as COVID-19 in death registries were defined as having
severe COVID-19 outcomes. A secondary outcome of
interest was COVID-19 diagnosis (i.e. tested positive for
COVID-19 vs. tested negative for COVID-19), which was
determined through records of COVID-19 test results
in the PHE, PHS, and SAIL databanks from March 16,
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2020, to September 30, 2021. Another secondary out-
come of interest was COVID-19 vaccination, based on
responses to the question ‘Have you received a first dose
of a COVID-19 vaccine?.

Genetic predisposition to severe COVID-19 outcomes

We assessed the genetic predisposition to severe
COVID-19 outcomes by calculating the polygenic risk
score (PRS) for COVID-19 hospitalization or death
according to summary statistics (version 5) from the
COVID-19 Host Genetics Initiative large-scale GWAS
including critically ill COVID-19 patients (n=4,792)
and the control population (n=1,054,664) among
individuals with European ancestry after exclud-
ing UK Biobank and 23andMe participants [32]. We
calculated the PRS using the clumping+ threshold-
ing approach [37] under 10 p-value thresholds (i.e.
5%107% 1x1077, 1x107% 1x107° 1x107% 1x107%,
0.005, 0.01, 0.05, and 0.1) and validated the association
between PRS and severe COVID-19 outcomes in our
dataset by fitting logistic regression models adjusting
for birth year, sex, genotyping array, and top ten ances-
try principal components. We selected the PRS with
the highest Nagelkerke R? for further analyses (i.e. p
threshold =5.00 x 10~%; odds ratio=1.21, 95% CI 1.11-
1.32; Nagelkerke R*=2.01%; Additional file 2: Table S2).
To avoid inflated type I error from overfitting, we addi-
tionally performed a principal component (PC) analysis
on the set of the 10 PRSs and used the first PRS-PC for
sensitivity analyses [38]. In our dataset, the first PRS-
PC for severe COVID-19 outcomes showed a strong
association with the severe COVID-19 outcome pheno-
type (odds ratio=1.22, 95% CI 1.11-1.33; Nagelkerke
R?2=2.01%). More information about the PRS-PC anal-
ysis is shown in Additional file 1: Fig. S4.

Covariates

We considered birth year (<1950, 1950-1959 or > 1960),
sex (female or male), ethnicity (White [British, Irish,
and any other White background], non-White [mixed,
Asian or Asian British, Black or Black British, Chinese,
and others], or unknown) and recruitment region (Scot-
land, England, or Wales) as potential confounders due
to previously reported associations to both primary
exposure [39, 40] and outcome [5, 6, 41] (Fig. 1). Also,
based on previous findings [10-13, 20, 23], we selected
four variable clusters as potential mediators: (1) socio-
economic status (i.e. Townsend deprivation index [TDI,
lower than median, higher than median, or unknown],
annual household income [<£18,000, £18,000—£30,999,
£31,000-£51,999, £52,000-£100,000,>£100,000, or
unknown], and college education [no, yes, or unknown]);
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Demographic factors

(e.g., sex, ethnicity)

Confounder

Socio-economic status
(e.g., education, income)

Psychiatric disorders
(e.g., depression, PTSD)

Mediator

Childhood

Lifestyle factors
(e.g., smoking, BMI)

Chronic medical conditions
(e.g., cerebrovascular disease,
chronic pulmonary disease)

maltreatment

Exposure

, Hospitalization or death

due to COVID-19

Outcome

Genetic predisposition to severe
COVID-19 outcomes

Moderator

Fig. 1 Proposed causal model with alternative pathways of how childhood maltreatment could influence severe COVID-19 outcomes (i.e.
hospitalization or death due to COVID-19), taking into account the availability of data

(2) lifestyle factors (i.e. smoking status [never, previous,
current, or unknown] and body mass index [BMI, < 25 kg/
m?, 25-29.9 kg/m?%>30 kg/m? or unknown]); (3) pre-
pandemic chronic medical conditions (no or yes); and (4)
pre-pandemic psychiatric disorders (no or yes).

Specifically, TDI was calculated based on the postcode
of participants’ address, representing the deprivation at
a population level [42]. BMI was calculated using kilo-
grammes (kg) divided by the square of height in metres
(m?) using anthropometric data measured at the assess-
ment centre at baseline. We calculated the Charlson
Comorbidity Index (CCI) based on Deyo’s coding algo-
rithm [43] using hospital inpatient data (before January
31, 2020), and patients with a CCI>1 were considered
to have pre-pandemic chronic medical conditions. Addi-
tional file 2: Table S3 provides more details about the dis-
eases included in the calculation of the CCI. We defined
pre-pandemic psychiatric disorders as any diagnosis of
psychiatric disorders (ICD-10, F10-F99) in hospital inpa-
tient data before January 31, 2020.

Statistical analysis

We first compared the characteristics of participants by
the history of childhood maltreatment using ANOVAs
for continuous data and chi-square tests for categorical
data. We then performed binomial logistic regression
to estimate the association between a history of child-
hood maltreatment and severe COVID-19 outcomes, as

well as COVID-19 diagnosis and COVID-19 vaccination
(i.e. secondary outcomes), with the estimates reported
as odds ratios (ORs) and 95% confidence intervals (CIs).
The basic model (model 1) was adjusted for demographic
factors (i.e. birth year, sex, ethnicity, and recruitment
region). In a stepwise approach, the four variable clus-
ters of mediators were additionally adjusted to examine
whether and to what extent the ORs between childhood
maltreatment and severe COVID-19 outcomes were
attenuated (models 2-5). We then conducted a regres-
sion-based causal mediation analysis using the CM Averse
package in R [44—46] to estimate the proportion of medi-
ation effect by the four variable clusters of mediators
individually (M1-M4) and combined (M5). Specifically,
the outcomes were regressed by the primary exposure
variable (i.e. any childhood maltreatment), specific vari-
able cluster of mediators, and demographic factors in a
binomial logistic regression model. Each mediator was
then regressed by exposure and demographic factors in
either binomial (e.g. pre-pandemic psychiatric disorders)
or multinomial (e.g. BMI) logistic regression models. The
results of the outcome and mediator models were then
combined to calculate the proportion of mediation.

To determine the association of specific types of child-
hood maltreatment with severe COVID-19 outcomes,
we ran separate analyses for each of the five childhood
maltreatment types. Furthermore, to examine the poten-
tial effect modification by genetic predisposition, we
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stratified our main analyses of the association between
childhood maltreatment (both as a binary variable and a
cumulative variable) and severe COVID-19 by tertile of
the PRS or the first PRS-PC for severe COVID-19 out-
comes (i.e. low,<1st tertile; intermediate, 1st to 2nd
tertile; high,>2nd tertile). The differences between the
groups were tested by introducing interaction terms (i.e.
childhood maltreatment X PRS for severe COVID-19 out-
comes) in the logistic regression adjusted for birth year,
sex, ethnicity, and recruitment region. We then obtained
p-values to indicate the statistical significance of the
interaction terms through the Wald test.

In sensitivity analyses, we first restricted the analy-
sis of the association between childhood maltreatment
and severe COVID-19 outcomes to individuals with
COVID-19 diagnosis—a population effectively at risk of
severe COVID-19-related outcomes. Then, to address
the potential impact of COVID-19 vaccination, which
started on December 8, 2020, in the UK [47], we reran
the main analysis by redefining the study period from
January 31, 2020, to December 8, 2020 (i.e. before vacci-
nation roll out). Additionally, given the difference in data
coverage across registries (e.g. hospital inpatient data and
death registries) and recruitment regions (i.e. England,
Scotland, and Wales), we repeated the main analysis by
excluding participants registered in Wales as well as by
redefining the study period from January 31, 2020, to July
31, 2021. Moreover, instead of using cut-off scores for
the measure of childhood maltreatment, we repeated our
main analysis using the total CTS score (ranging from 0
to 20), to capture the full range of variability in the sever-
ity of childhood maltreatment. Finally, as our primary
outcome was hospitalization or death due to COVID-19
as a combined indicator of severe COVID-19, we per-
formed a sensitivity analysis for hospitalization and death
due to COVID-19, separately, to determine if there were
any differences between these two outcomes.

The regression function for each analysis was shown in
the Additional file 3. All analyses were completed using R
(version 4.0) and Plink (version 1.9), and a two-tailed test
with p<0.05 was considered statistically significant.

Results

Of 151,427 participants included in the present study,
56.5% were female, and the mean (SD) age at the start
of the pandemic was 67.7 (7.72) years. Nearly one-third
(n=50,441) of the participants reported at least one
type of childhood maltreatment, and emotional neglect
(22.2%) was the most commonly reported type, while
physical neglect (5.6%) was the least commonly reported
type (Additional file 2: Table S1). Compared with unex-
posed individuals, those who were exposed to childhood
maltreatment tended to have a lower level of education
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and annual household income (p <0.001). They were also
more likely to be younger, female, non-White ethnicity,
recruited from England, have high BMI (i.e.>30 kg/m?),
and with pre-pandemic chronic medical conditions as
well as psychiatric disorders (p <0.001; Table 1).

A total of 606 individuals were hospitalized (n=542)
and/or died (n=155) as a result of COVID-19 during
the study period. We observed increased odds of severe
COVID-19 outcomes among patients exposed to any
childhood maltreatment (OR=1.54 [95% CI 1.31-1.81];
Table 2) when compared with unexposed individuals in
the basic model (model 1). The association was ampli-
fied in a graded manner by the cumulative number of
childhood maltreatment types (pg, trenq<0.01). Spe-
cifically, those who experienced three or more child-
hood maltreatment types had the highest odds of severe
COVID-19 outcomes (2.32 [1.73-3.05]), followed by
those who experienced two (1.62 [1.22-2.10]) or one
(1.33 [1.09-1.62]) type. The inclusion of potential media-
tors in the models attenuated the magnitude of the asso-
ciation, although ORs remained statistically significantly
higher than one in the fully adjusted model (model 5)
among individuals with any childhood maltreatment
(1.26 [1.07-1.48]) and those who experienced three or
more types of childhood maltreatment (1.50 [1.11-1.98]).
Of the five types of childhood maltreatment, physi-
cal neglect yielded the strongest association with severe
COVID-19 outcomes in the basic model (model 1, 2.04
[1.57-2.62]; Fig. 2) as well as in the model adjusted for all
variable clusters of mediators (model 5, 1.52 [1.16-1.96]),
although the differences between the groups were not
statistically significant (py,, gigerence > 0-05).

The majority of the association between childhood mal-
treatment and severe COVID-19 outcomes was mediated
through lifestyle factors (27.8%; Fig. 3), followed by socio-
economic factors (20.5%), pre-pandemic chronic medi-
cal conditions (17.4%), and psychiatric disorders (16.6%).
In total, 50.9% of the association was mediated by all
studied mediators and ranged from 49.5% (after physi-
cal neglect) to 79.0% (after sexual abuse) across different
types of childhood maltreatment.

We obtained largely comparable results when strati-
fied by tertiles of PRS for severe COVID-19 outcomes
(Pfor difference>0-05; Fig. 4). Specifically, exposure to any
childhood maltreatment (low genetic risk, 1.88 [1.30-2.69];
intermediate genetic risk, 1.41 [1.01-1.95]; high genetic
risk, 1.55 [1.14-2.09]) and three or more types of child-
hood maltreatment (low genetic risk, 2.68 [1.29-5.00];
intermediate genetic risk, 2.14 [1.11-3.78]; high genetic
risk, 3.11 [1.84-4.98]) were both consistently associated
with significantly increased odds of severe COVID-19
outcomes, regardless of PRS for severe COVID-19 out-
comes. We observed similar results when stratifying by
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Table 1 Characteristics of the study population
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History of childhood maltreatment

No (n=100,986)

Yes (n=50,441)

Overall (n=151,427)

Age at the measure of childhood maltreatment

Mean (SD)
Median [min, max]

Age at the start of the pandemic (i.e. 2020)

Mean (SD)
Median [min, max]
Birth year
<1950
1950-1959
>1960
Sex
Female
Male
Ethnicity
White
British
Irish
Others
Non-White
Mixed
Asian or Asian British
Black or Black British
Chinese
Others
Unknown
Recruitment region
Scotland
Wales
England
Townsend deprivation index
Lower than median (< —243)
Higher than median (= —243)
Unknown
College education
No
Yes
Unknown
Annual household income
<£18,000
£18,000-£30,999
£31,000-£51,999
£52,000-£100,000
>£100,000
Unknown
Smoking status
Never
Previous
Current

64.1 (7.69)
65.0 [46.0,81.0]

68.0 (7.69)
69.0 [50.0, 84.0]

44,042 (43.6%)
36,316 (36.0%)
20,628 (20.4%)

55,882 (55.3%)
45,104 (44.7%)

98,688 (97.7%)
93,211 (92.3%)
2044 (2.0%)
3433 (3.4%)
2013 (2.0%)
356 (0.4%)
650 (0.6%)
451 (0.4%)
144 (0.1%)
412 (0.4%)
285 (0.3%)

7019 (7.0%)
3771 (3.7%)
90,196 (89.3%)

52,826 (52.3%)
48,041 (47.6%)
119 (0.1%)

46,757 (46.3%)
47,047 (46.6%)
7182 (7.1%)

10,924 (10.8%)
20,838 (20.6%)
26,403 (26.1%)
24,926 (24.7%)
7812 (7.7%)

10,083 (10.0%)

(
(
(
(

61,041 (60.4%)
33,519 (33.2%)
6215 (6.2%)

63.3 (7.75)
64.0 [46.0, 80.0]

67.2(7.75)
68.0 [50.0, 84.0]

19,711 (39.1%)
18,997 (37.7%)
11,733 (23.3%)

29,709 (58.9%)
20,732 (41.1%)

47,975 (95.1%)
44,137 (87.5%)
1523 (3.0%)
2315 (4.6%)
2250 (4.5%)
428 (0.8%)
595 (1.2%)
609 (1.2%)
203 (0.4%)
415 (0.8%)
216 (0.4%)

3137 (6.2%)
1795 (3.6%)
45,509 (90.2%)

22,825 (45.3%)
27,540 (54.6%)
76 (0.2%)

24,230 (48.0%)
21,806 (43.2%)
4405 (8.7%)

7478 (14.8%)
10,886 (21.6%)
13,223 (26.2%)
10,946 (21.7%)
3195 (6.3%)
4713 (9.3%)

26,272 (52.1%)
19,440 (38.5%)
4589 (9.1%)

63.8(7.72)
65.0 [46.0,81.0]

67.7 (7.72)
69.0 [50.0, 84.0]

63,753 (42.1%)
55,313 (36.5%)
32,361 (21.4%)

85,591 (56.5%)
65,836 (43.5%)

146,663 (96.9%)
137,348 (90.7%)
3567 (2.4%)
5748 (3.8%)
4263 (2.8%)
784 (0.5%)

1245 (0.8%)
1060 (0.7%)
347 (0.2%)

827 (0.5%)

501 (0.3%)

10,156 (6.7%)
5566 (3.7%)
135,705 (89.6%)

75,651 (50.0%)
75,581 (49.9%)
195 (0.1%)

70,987 (46.9%)
68,853 (45.5%)
11,587 (7.7%)

18,402 (12.2%)
31,724 (21.0%)
39,626 (26.2%)
35,872 (23.7%)
11,007 (7.3%)
14,796 (9.8%)

87,313 (57.7%)
52,959 (35.0%)
10,804 (7.1%)
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Table 1 (continued)

History of childhood maltreatment Overall (n=151,427)

No (n=100,986)

Yes (n=50,441)

Unknown
Body mass index, kg/m??
<25
25-29.9
>30
Unknown
Pre-pandemic chronic medical conditions ®
No
Yes
Pre-pandemic psychiatric disorders
No
Yes

211 (0.2%)

40,352 (40.0%)
41,925 (41.5%)
18,477 (18.3%)
232 (0.2%)

73,538 (72.8%)
27,448 (27.2%)

94,307 (93.4%)
6679 (6.6%)

140 (0.3%)

18,488 (36.7%)
20,621 (40.9%)
11,191 (22.2%)
141 (0.3%)

35,050 (69.5%)
15,391 (30.5%)

44,493 (88.2%)
5948 (11.8%)

351 (0.2%)

58,840 (38.9%)
62,546 (41.3%)
29,668 (19.6%)
373 (0.2%)

108,588 (71.7%)
42,839 (28.3%)

138,800 (91.7%)
12,627 (8.3%)

2The body mass index was calculated using weight kilogrammes (kg) by the square of height in metres (m?), using anthropometric data measured at the assessment

centre at baseline

b We calculated the Charlson Comorbidity Index using hospital inpatient data (before January 31, 2020), and patients with a CCl > 1 were considered to have pre-

pandemic chronic medical conditions

Table 2 Association between history of childhood maltreatment and COVID-19 outcomes (OR and 95% Cl)

Case/N (%) Model 12 Model 2° Model 3¢ Model 49 Model 5¢
Outcome: severe COVID-19 outcomes (i.e. hospitalization or death due to COVID-19)

Exposure: any childhood maltreatment

No 345/100,986 (0.34) Ref Ref Ref Ref Ref

Yes 261/50,441 (0.52) 1.54(1.31-1.81) 142 (1.21-1.68) 1.33(1.12-1.56) 1.28 (1.08-1.51) 1.26 (1.07-1.48)
Exposure: number of childhood maltreatment types

0 345/100,986 (0.34) Ref Ref Ref Ref Ref

1 141/30,819 (0.46) 1.33(1.09-1.62) 1.27 (1.04-1.54) 1.22 (1.00-1.48) 1.20 (0.98-1.46) 1.19(0.97-1.44)

2 62/11,586 (0.54) 1.62 (1.22-2.10) 147 (1.11-1.91) 134 (1.01-1.75) 1.29(0.97-1.68) 1.27 (0.95-1.65)

>3 58/8036 (0.72) 2.32(1.73-3.05) 2.00(1.49-2.63) 1.69 (1.26-2.24) 1.56 (1.16-2.06) 1.50(1.11-1.98)

Outcome: COVID-19 diagnosisf
Exposure: any childhood maltreatment

No 5362/35,050 (15.30) Ref Ref Ref Ref Ref

Yes 2994/18,028 (16.61) 1.06 (1.01-1.12) 1.02 (0.97-1.08) 1.01 (0.96-1.07) 1.02 (0.97-1.07) 1.02 (0.97-1.07)
Exposure: number of childhood maltreatment types

0 5362/35,050 (15.30) Ref Ref Ref Ref Ref

1 1735/10,873 (15.96) 1.03 (0.97-1.10) 1.01 (0.95-1.07) 1.00 (0.94-1.06) 1.00 (0.94-1.07) 1.01 (0.95-1.07)

2 714/4209 (16.96) 1.08 (0.99-1.18) 1.04 (0.95-1.13) 1.02 (0.94-1.12) 1.03(0.94-1.12) 1.03(0.94-1.13)

>3 545/2946 (18.50) 1.14 (1.03-1.26) 1.07 (0.97-1.18) 1.05 (0.94-1.16) 1.05 (0.95-1.17) 1.06 (0.96-1.18)

# Model 1: adjusted for demographic factors (birth year, sex, ethnicity, and recruitment region)

b Model 2: model 1 additionally adjusted for socio-economic status (Townsend deprivation index, college education, and annual household income)
€ Model 3: model 2 additionally adjusted for lifestyle-related factors (smoking status and body mass index)

4 Model 4: model 3 additionally adjusted for pre-pandemic chronic medical conditions (Charlson Comorbidity Index > 1, before January 31, 2020)

€ Model 5: model 4 additionally adjusted for pre-pandemic psychiatric disorders (ICD-10, F10-F99; before January 31, 2020)

fCOVID-19 diagnosis was determined through records of positive COVID-19 test results in the PHE, PHS, and SAIL databanks (n =8356) and compared with individuals
who had records of negative COVID-19 test results (n=44,722)
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Type of CM OR (95%Cl)
Sexual abuse
Model 1 1.28 (0.97-1.66) -
Model 2 1.24 (0.94-1.62) -
Model 3 1.12 (0.85-1.46) ]
Model 4 1.08 (0.81-1.40)
Model 5 1.06 (0.80-1.38) L]
Physical neglect
Model 1 2.04 (1.57-2.62) L
Model 2 1.74 (1.33-2.24) -
Model 3 1.63 (1.24-2.09) L]
Model 4 1.55 (1.19-1.99)
Model 5 1.52 (1.16-1.96) =
Physical abuse
Model 1 1.76 (1.38-2.21) L
Model 2 1.58 (1.24-1.99) L
Model 3 1.37 (1.07-1.73) -
Model 4 1.29 (1.01-1.63)
Model 5 1.27 (0.99-1.60) -
Emotional neglect
Model 1 1.44 (1.20-1.71) L)
Model 2 1.34 (1.12-1.59) -
Model 3 1.27 (1.06-1.51)
Model 4 1.23 (1.03-1.47)
Model 5 1.21 (1.01-1.44)
Emotional abuse
Model 1 1.64 (1.28-2.07) -
Model 2 1.49 (1.16-1.88) L)
Model 3 1.33 (1.04-1.68) -
Model 4 1.25 (0.97-1.58)
Model 5 1.21 (0.94-1.54) L
T T T 1
0.5 1 2 3

Fig. 2 Association between history of childhood maltreatment
(CM) and severe COVID-19 outcomes (i.e. hospitalization or death
due to COVID-19) by types of childhood maltreatment. Note: model
1—adjusted for demographic factors (birth year, sex, ethnicity,

and recruitment region); model 2—model 1 additionally adjusted
for socio-economic factors (Townsend deprivation index, college
education, and annual household income); model 3—model 2
additionally adjusted for lifestyle-related factors (smoking status
and body mass index); model 4—model 3 additionally adjusted

for pre-pandemic chronic medical conditions (Charlson Comorbidity
Index > 1, before January 31, 2020); model 5—model 4 additionally
adjusted for pre-pandemic psychiatric disorders (ICD-10, F10-F99;
before January 31, 2020)

the first PRS-PC for severe COVID-19 outcomes (Addi-
tional file 1: Fig. S5).

In the sensitivity analyses, we obtained largely com-
parable results when restricting our analysis to indi-
viduals with a COVID-19 diagnosis (Additional file 2:
Table S4), redefining the study period before vaccina-
tion rollout (Additional file 2: Table S5), and exclud-
ing participants registered in Wales and redefining the
study period from January 31, 2020, to July 31, 2021
(Additional file 2: Table S6). Also, we observed similar
result patterns when using the total CTS score (Addi-
tional file 2: Table S7) or analysing hospitalization and
death due to COVID-19 as separate outcomes (Addi-
tional file 2: Table S8).
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Finally, in the secondary analyses, we found any
childhood maltreatment and the number of childhood
maltreatment types were both consistently associated
with significantly increased odds of being unvaccinated
for COVID-19 (models 1-5; Additional file 2: Table S9).
By contrast, we found a weak association between any
childhood maltreatment (model 1, 1.06 [1.01-1.12])
and three or more types of childhood maltreatment
(model 1, 1.14 [1.03-1.26]) with COVID-19 diagnosis,
which attenuated to null when adding potential media-
tors to the model (models 2—5; Table 2).

Discussion

The findings of this cohort study with pre-pandemic
data on childhood maltreatment suggest a robust dose—
response association between the number of childhood
maltreatment types and severe COVID-19 outcomes.
While all types of childhood maltreatment were associ-
ated with severe COVID-19 outcomes, physical neglect
in childhood yielded the strongest association. The
associations were partly mediated by suboptimal socio-
economic status, lifestyle, and pre-pandemic psychiatric
disorders or other chronic medical conditions and were
not modified by genetic predisposition to severe COVID-
19 outcomes.

In line with the findings of two previous studies [24,
25], our findings confirm the association between child-
hood maltreatment and severe COVID-19 outcomes.
Our findings moreover extend the current level of evi-
dence by showing that all types of childhood maltreat-
ment, ranging from sexual abuse to physical neglect, are
robustly associated with severe COVID-19 outcomes. In
our study, physical neglect in childhood yielded the high-
est odds ratios of severe COVID-19-related outcomes,
which is similar to the findings from previous studies
on other long-term physical outcomes after childhood
physical neglect, including test-identified sexually trans-
mitted infections, diabetes, and lung disease [48, 49].
Although the mechanisms underlying this finding remain
unclear, it is possible that individuals who experience
physical neglect may not receive necessary medical care
in childhood, leading to a lack of awareness or appropri-
ate utilization of medical services in adulthood, thereby
contributing to the increased risk of severe health conse-
quences in adulthood [50, 51].

Importantly, our findings indicate that more than half
of the association between childhood maltreatment and
severe COVID-19 outcomes is mediated by suboptimal
socio-economic status, lifestyle, and comorbid psychiat-
ric or other chronic medical conditions. These results are
consistent with previous findings suggesting that child-
hood maltreatment may increase the risk of health prob-
lems in adulthood through multiple factors, including



Wang et al. BMC Medicine (2024) 22:319

Page 9 of 13

Models OR (95%Cl)

Total effect

Adjusted for demographic factors (M0) 1.54 (1.31-1.81)
Direct effect

Additionally adjusted for potential mediators, separately
Socio-economic status (M1) 1.42 (1.34-1.66)
Lifestyle factors (M2) 1.40 (1.34-1.65)
Pre-pandemic chronic medical conditions (M3) 1.45 (1.35-1.64)
1.45 (1.35-1.63)

1.26 (1.20-1.39)

Pre-pandemic psychiatric disorders (M4)

All potential mediators (M5)

0.5

[

Mediation effect
Proportion of
mediation (%)

20.5 <0.01
- 27.8 <0.01
17.4 <0.01
16.6 <0.01
50.9 <0.01

1
1 2

Fig. 3 Mediating roles of socioeconomic status, lifestyle, and pre-pandemic chronic medical conditions or psychiatric disorders on the associations
between history of childhood maltreatment and severe COVID-19 outcomes (i.e. hospitalization or death due to COVID-19). Note: MO—adjusted

for demographic factors (birth year, sex, ethnicity, and recruitment region); M1—M0 and additionally adjusted for socio-economic status (Townsend
deprivation index, college education, and annual household income); M2—M0 additionally adjusted for lifestyle-related factors (smoking status

and body mass index); M3—MO additionally adjusted for pre-pandemic chronic medical conditions (Charlson Comorbidity Index > 1, before January
31, 2020); M4—MO additionally adjusted for pre-pandemic psychiatric disorders (ICD-10, F10-F99; before January 31, 2020); M5—M0 additionally
adjusted for socioeconomic status, lifestyle, and pre-pandemic chronic medical conditions psychiatric disorders; proportion of mediation:

the proportion of the total effect that is mediated through the specified mediators

the adoption of adverse health behaviours and increased
vulnerabilities to obesity and other chronic medical con-
ditions of relevance for COVID-19 severity [13, 20, 23].
In line with previous findings [52, 53], we found that
childhood maltreatment survivors were more likely to
be unvaccinated against COVID-19 which may result in
greater risks of severe COVID-19 outcomes [54]. Yet, in
the present study, most of the severe COVID-19 outcome
events occurred before the introduction of the COVID-
19 vaccine, and therefore, we observed similar estimates
when redefining the study period before the vaccination
rollout.

We further found the history of psychiatric disorders
to mediate the association between childhood maltreat-
ment and severe COVID-19 outcomes. Indeed, there
is strong evidence for the associations between child-
hood maltreatment and the risk of psychiatric disorders
[11], coupled with our [9] and more recent findings [55]
indicating a role of pre-existing psychiatric disorders in
severe COVID-19 outcomes. Among the four studied
variable clusters of mediators, lifestyle-related factors
appear to have the strongest contribution to the asso-
ciation between childhood maltreatment and severe
COVID-19 outcomes. However, there is an established
link between lifestyle factors and socio-economic sta-
tus [56], as well as multiple diseases, including cardio-
metabolic conditions [57] and mental disorders [58].
Therefore, the proportion mediated by each cluster of

mediators, as suggested in the causal mediation analysis,
is likely confounded by the other mediating clusters.

We found that the association between childhood mal-
treatment and severe COVID-19 outcomes remained
robust after controlling for these potential mediators as
well as genetic susceptibility to severe COVID-19 out-
comes. Therefore, other unmeasured biological path-
ways, including disruption of inflammatory responses
[59] and hormonal dysregulation [19], may contribute
to the elevated risk of severe COVID-19 outcomes. For
instance, childhood maltreatment has been associated
with immune dysregulation [60, 61], such as disruption
in immune cell activation [62], increased proinflamma-
tory cytokine production [63], and accelerated telomere
erosion [64], which may reduce an individual’s capac-
ity to recover from COVID-19. Indeed, recent evidence
suggests that elevated IL-6 and TNF-a levels can predict
disease severity and survival in patients with COVID-
19 [65]. In addition, previous studies report an atypical
hypothalamic—pituitary—adrenal axis stress response
among childhood maltreatment survivors [66], which has
been identified as a potential risk factor of severe illness
in COVID-19 [67]. In contrast, increased susceptibility
to COVID-19 infection is an unlikely explanation for the
elevated risk of severe COVID-19-related outcomes by
childhood maltreatment, as we found weak or no associ-
ations between childhood maltreatment and COVID-19
diagnosis.
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Case/N (%) OR (95%Cl) *

Low genetic risk
Any CM

No 65/26708 (0.24) Ref.

Yes 54/12557 (0.43) 1.88 (1.30-2.69) L]
Number of CM types

0 65/26708 (0.24) Ref.

1 34/7857 (0.43) 1.81(1.18-2.73) -

2 10/2812 (0.36) 1.60 (0.77-2.97) »

23 10/1888 (0.53) 2.68 (1.29-5.00) ]
Intermediate genetic risk
Any CM

No 92/26910 (0.34) Ref.

Yes 58/12354 (0.47) 1.41(1.01-1.95) [ ]
Number of CM types

0 92/26910 (0.34) Ref.

1 34/7772 (0.44) 1.29 (0.86-1.89) [ ]

2 12/2764 (0.43) 1.32(0.68-2.31)

23 12/1818 (0.66) 2.14(1.11-3.78) ]
High genetic risk
Any CM

No 103/26697 (0.39) Ref.

Yes 72112567 (0.57) 1.55 (1.14-2.09) ]
Number of CM types

0 103/26697 (0.39) Ref.

1 35/7803 (0.45) 1.18 (0.79-1.71) ]

2 18/2891 (0.62) 1.71 (1.00-2.76) L]

23 19/1873 (1.01) 3.1 (1.84-4.98) L]
P for difference

Any CM * PRS 0.58

Number of CM types * PRS 073

T T 1
0o 1 2 5

Fig. 4 Association between history of childhood maltreatment
(CM) and severe COVID-19 outcomes (i.e. hospitalization or death
due to COVID-19) by levels of polygenic risk score (PRS) to severe
COVID-19 outcomes. *Adjusted for demographic factors (birth year,
sex, ethnicity, and recruitment region)

Strengths and limitations of this study

The major strength of our study is the use of a longitu-
dinal study design, i.e. pre-pandemic individual data on
childhood maltreatment and follow-up data on COVID-
19, in a large population-based cohort. This ensures
that the measures of childhood maltreatment indeed
preceded any severe COVID-19 outcomes and hence
minimizes the risk of reverse causality. Additionally, the
primary outcome of interest was death or hospitalization
with COVID-19 as the primary diagnosis, as opposed to
also including secondary diagnoses in a previous study
[25], reducing risks of misclassification of the outcome.
Also, by utilizing severe COVID-19 events as the out-
come, the influence of surveillance bias should be minor.
Moreover, our consideration of genetic predisposition to
severe COVID-19 outcomes and a wide range of media-
tors provides evidence of pathways linking childhood
adversities to severe COVID-19 outcomes, with potential
relevance for prevention and intervention strategies.
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This study also has several limitations to be noted.
First, as in most studies on childhood maltreatment,
information on childhood maltreatment was recalled by
participants in middle or older age rather than captured
prospectively (in childhood), which may be liable to
underreport [28] and biased by current mental state [68].
However, to explain the observed result pattern, such
measurement error would have to be systematic in rela-
tion to later severe COVID-19 outcomes. Second, we do
not have information on childhood poverty or parental
socio-economic status, and several included mediators
(e.g. smoking status, BMI) were only measured once at
baseline and might have changed over the 10-year fol-
low-up. Third, the incidence of COVID-19 varied across
populations and geographical regions [41], yet our sen-
sitivity analyses restricted to individuals with a COVID-
19 diagnosis, excluding participants registered in Wales
and confined to the study period from January 31, 2020,
to July 31, 2021, suggested a minimal influence of these
factors on the reported associations. Fourth, the identi-
fication of COVID-19 cases relies solely on RT-PCR test-
ing which may lead to underestimation of the COVID-19
diagnosis. Also, the identified hospitalization or mortality
rate in our study is lower than the reported rate in the UK
during the same period [2]. Indeed, there is evidence of a
‘healthy volunteer” selection bias of the UK participants
who were more likely to live in less socioeconomically
deprived areas and have lower rates of all-cause mortal-
ity [69]. In addition, most severe childhood maltreatment
cases were probably not included in the cohort, possibly
resulting in an underestimation of the studied associa-
tion. Finally, the UK Biobank cohort is not representative
of the entire UK population [69], and only approximately
30% of the UK Biobank participants were included in our
analysis; thus, the generalization of our findings should
be made with caution.

Conclusions

Our findings suggest that a history of childhood mal-
treatment, including exposure to physical and emo-
tional neglect or abuse, is robustly associated with severe
COVID-19 outcomes. This association was not modified
by genetic predisposition to severe COVID-19 outcomes
but partly mediated by suboptimal socio-economic sta-
tus, lifestyle factors, and comorbidities. The latter con-
stitute potential targets for clinical and public health
interventions. These findings highlight the role of early
life adversities in severe health consequences across the
lifespan and call for increased clinical surveillance of
people exposed to childhood maltreatment in COVID-19
outbreaks and future pandemics.
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