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Background: Preexisting multiple (two or more) long-term conditions (MLTCs) may negatively affect re-
covery after COVID-19. We investigated how preexisting MLTCs, including different categorization and
patterns of MLTCs, affect 1-year health outcomes after severe COVID-19.

Keywords:

COVID-19

Long COVID

Multiple long-term conditions
Multimorbidity

Methods: Adults post-hospitalization after COVID-19 were recruited during 2020-2021. We compared re-
covery at 1 year after discharge using adjusted multivariable logistic regression in 1:1 propensity-matched
adults (for age, sex, ethnicity, social deprivation, obesity, and smoking history) with and without preex-
isting MLTCs. In adults with MLTCs, different categorization such as number of conditions, number and
types of body systems involved (e.g. respiratory, cardiovascular), and latent class analysis-derived pat-
terns of condition co-occurrence were assessed for their association with recovery at 1 year.
Results: A total of 647 adults with MLTCs were matched with 647 adults without MLTCs (n = 1294; 61.9%
male, 79.6% of White ethnicity, median age 59 [interquartile range 52-67] years). The presence of MLTCs
was associated with lower odds of feeling fully recovered (odds ratio 0.66 [95% confidence interval 0.51-
0.85], P = 0.001). In those with MLTCs, recovery was negatively affected by number and type of body
systems involved (e.g. respiratory [odds ratio 0.49 (95% confidence interval 0.34-0.69), P <0.001]) but not
by the number of conditions (P >0.1). Four latent classes of MLTC co-occurrence were estimated with
different risks of recovery (P <0.01).
Conclusion: Adults with preexisting MLTCs were 34% less likely to feel fully recovered at 1 year after
COVID-19 hospitalization than adults without MLTCs. We describe prognostic classifications of MLTCs,
with future work needed to understand whether they have prognostication in broader post-acute infec-
tion sequalae.
© 2026 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

COVID in hospitalized and non-hospitalized cohorts include female
sex, obesity, belonging to an ethnic minority [5], and having a pre-

Although most people survive COVID-19, some individuals de-
velop persistent symptoms beyond 12 weeks post-infection [1].
The overall global prevalence of “long COVID” [2] has been esti-
mated to be 36% and 44% within hospitalized individuals [3]. Given
the significant global health and economic impacts associated with
long COVID [4], understanding factors that influence recovery is
a priority. Risk factors associated with the development of long

existing long-term condition (LTC) [3,5,6]. Specifically, the presence
of single preexisting LTCs including diabetes, airways disease, or
cardiovascular disease are associated with worse health outcomes
1 year after COVID-19 hospitalization [7-9]. However, the impact of
multiple (two or more [10]) LTCs (MLTCs) is not well understood.
Given the prevalence of MLTCs, it is important to understand how
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Figure 1. Consort filtering flowchart.

preexisting MLTCs may influence the development and severity of
long COVID.

We know that over one in three adults overall and more than
half over the age of 60 years are estimated to be living with MLTCs
worldwide [11]. Living with MLTCs represents a significant bur-
den to the individual, their support network, health care systems,
and broader society, particularly, in disadvantaged communities
and settings [10]. Beyond aging, intersectional risk factors associ-
ated with MLTCs include ethnicity, social deprivation, and lifestyle
factors such as smoking, physical inactivity, and obesity [12-14].
Early in the COVID-19 pandemic, it was recognized that adults with
MLTCs were more susceptible to severe COVID-19, hospitalization,
and death [15]. Compared with those without MLTCs, adults with
MLTCs are more likely to not feel fully recovered and have multior-
gan abnormalities 6 months after COVID-19 hospitalization [16,17].
Furthering our understanding of underlying mechanisms that drive
symptoms and/or organ impairment associated with long COVID
was identified as a research priority by patients and clinicians [18]
and it is recognized that specific underlying LTCs/MLTCs may exac-
erbate pathological mechanisms or reduce an individual’s tolerance
to organ injury associated with COVID-19 and post-acute sequalae
[19].

Although the co-existence of two or more LTCs is a widely
accepted definition of MLTCs [20], there is variability in what
are considered qualifying LTCs [21,22]. The concept of “complex”
MLTCs has been proposed in response to criticism of the “two
or more LTCs” definition not differentiating the range of impact
associated between different LTCs [10]. Various definitions have
been proposed including increasing number of LTCs, involvement
of multiple body systems, and the co-existence of mental and
physical conditions [23]. However, consensus has not been estab-
lished to date, in part, due to a paucity of evidence demonstrating
the added value of nuanced classifications [20]. A growing body
of work has explored groupings/clusters of LTCs, highlighting that
certain condition combinations may confer distinct patterns of risk
and impact [10,24-27]. Meaningful categorization of MLTCs may
have the potential to facilitate targeted care to the those with the
most need.

Furthering understanding of the development and severity of
long COVID according to the presence and different phenotypes
of MLTCs has the potential to provide insight into the underly-
ing mechanisms causing long COVID (a patient priority question
[18]) and be used to extend definitions of complex MLTCs. The
post-hospitalization COVID-19 (PHOSP-COVID) study prospectively
sought to investigate the relationship between patterns of preex-
isting LTCs and post-COVID-19 sequalae (ISRCTN10980107).

We, therefore, aimed to answer the following questions in
adults 1 year after hospital discharge with COVID-19: (i) Are adults
with preexisting MLTCs less likely to feel recovered with worse
health and well-being outcomes than adults without preexisting
MLTCs? (ii) Are there differences in recovery at 1 year according
to how MLTCs are categorized (e.g. number or type of LTCs, body
systems involved), including how certain LTCs group together?

Methods

The methods, analysis, and results are reported in line with
Strengthening the Reporting of Observational Studies in Epidemi-
ology guidelines [28].

Study design and participants

Recruitment to the PHOSP-COVID prospective longitudinal co-
hort study has been described previously [29]. In summary, adults
(aged >18 years) discharged before March 31, 2021 from one of 39
National Health Service (NHS) hospitals across the four UK nations
after admission to a medical assessment unit or ward with con-
firmed or clinician-diagnosed COVID-19 were included.

In accordance with the study objectives, the analyses included
the subset of surviving PHOSP-COVID participants who attended
a 1-year (between 10 and 14 months) study visit post-discharge
(Figure 1). Participants were dichotomized into two groups based
on the presence of preexisting MLTCs: (i) those with two or more
LTCs (MLTCs group) and (ii) those with one or no LTCs (no MLTCs
group). The study population was limited to participants with pri-
mary outcome (patient-perceived recovery at 1 year) data for the
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primary analyses and the MLTCs group for the exploratory analy-
ses of MLTCs. LTCs were collected from medical health care records
reflecting the time of hospital admission. All 40 preexisting LTCs
reported by PHOSP-COVID (full list available in Supplement S1)
were considered qualifying LTCs informed by an international Del-
phi consensus study (on the definition and measurement of MLTCs
in research) [20] and expert opinion. With recognition of equipoise
regarding the status of obesity as a LTC vs a risk factor, obesity was
not considered a qualifying LTC in accordance with the Delphi con-
sensus and commonly used weighted MLTCs measures [20,22,30].

Ethics

Written informed consent was obtained from all study partici-
pants. The study was approved by the Leeds West Research Ethics
Committee (20/YH/0225) and is registered on the ISRCTN Registry
(ISRCTN10980107).

Outcome measures

The primary outcome was patient-perceived recovery (patient
responses to the question “Do you feel fully recovered?” treated
as a binary outcome “Yes” and “No” [grouping “No” and “Unsure”
responses]) at 1 year after COVID-19 hospitalization in individuals
with preexisting MLTC compared with those without, reported as
an odds ratio (OR) with 95% confidence interval (CI).

Secondary outcome measures included symptoms (count and
severity) and various measures of physical, mental, cognitive
health, and social isolation at 1 year post-hospitalization (full
list and details in Supplement S2). Physical health measures
included exercise tolerance/functional capacity (e.g. incremental
shuttle walk test, handgrip strength), disability measured by the
Washington group short set on functioning, and frailty measured
by the Rockwood clinical frailty score (RCF). Anxiety, depression,
and post-traumatic stress disorder were measured by patient-
reported questionnaires (e.g. patient health questionnaire). Cogni-
tive impairment was measured by the Montreal cognitive assess-
ment. Health-related quality of life (HRQoL) was measured by the
five-level EuroQol five-dimensional questionnaire.

Statistical analysis

Continuous and categorical variables were descriptively summa-
rized using means (SD) or medians (interquartile range [IQR]) and
frequencies and percentages, respectively. Missing data were re-
ported for each variable. A x2 test was used to identify differences
in proportions within categorical variables. Differences in continu-
ous variables were identified using an independent Student’s t-test
or Mann-Whitney U test. Normality was assessed using a Shapiro-
Wilk test and visual inspection for each variable. Complete-case
analysis was used for all analyses, based on the relevant variables
included within the statistical models. Statistical significance was
set at probability value (P-value) of less than 5%.

Sample size calculations were performed prospectively based
on respective event rates for recovery in the PHOSP-COVID cohort.
We subsequently checked and confirmed that the sample size of
our propensity-matched population of 1294 participants was ade-
quate to detect a recovery event (based on patient-perceived re-
covery after COVID-19 hospitalization), with 80% power at 5% sig-
nificance level, using two independent data sets (Supplement S3)
[31,32].

Participants were dichotomized into two groups based on the
presence of preexisting MLTCs: (i) those with two or more LTCs
(MLTCs group) and (ii) those with one or no LTCs (no MLTCs
group).

International Journal of Infectious Diseases 168 (2026) 108695

Propensity score matching analyses

Propensity score matching of groups (MLTCs vs no MLTCs) was
used to reduce the effects of selection bias and confounding. A di-
rected acyclic graph (DAG) was constructed to identify confounders
associated with the presence of MLTCs using existing evidence of
relationships (including age, sex, ethnicity, index of multiple depri-
vation [IMD], obesity, and smoking history [12-14]) (Supplement
S4a). A multivariable logistic regression model (adjusting for age,
sex, ethnicity, IMD, obesity, and smoking history) was used to cal-
culate a propensity score for each participant with complete data
within the study population. Participants with preexisting MLTCs
were then matched 1:1 to a participant without preexisting MLTCs,
with a similar propensity score using a nearest neighbor match-
ing algorithm and a pre-specified maximum difference in propen-
sity score (caliper width) of 0.2 SDs. Balance in covariates between
groups were assessed using standardized mean difference and vari-
ance ratio of covariates.

Patient-perceived recovery at 1 year post-hospitalization was
modeled in the propensity-matched sample using multivariable lo-
gistic regression with adjustment by predefined covariates (age,
sex, ethnicity, IMD, obesity, smoking history, severity of acute ill-
ness, and duration of admission [a DAG visual representation of
potential confounders for the effect of MLTCs presence on recov-
ery at 1 year is presented in Supplement S4b]) in the complete-
case data set. Adjusted multivariable generalized linear (includ-
ing logistic, multinomial, and linear) and beta regression models
were also used to explore secondary outcome measures at 1 year
post-hospitalization. Logistic and linear models were used for bi-
nary and continuous outcomes respectively (e.g. RCF >5 yes/no and
handgrip strength [kilogram]). Linear, multinomial, and beta mod-
els were explored (as appropriate) for discrete/ordinal (generalized
anxiety disorder-7 questionnaire [0-21]). Final model selection was
informed by the Bayesian information criterion (BIC), with appro-
priate assumptions checked, including linearity (where applicable)
and collinearity.

Exploratory analyses of MLTCs

Multivariable logistic regression was used to model the primary
outcome according to MLTCs categorization (complex MLTCs defi-
nitions), such as the number and type of LTCs (description of the
organ/body system involved), number of body systems involved,
and the presence of physical and mental health LTCs (within
those with MLTCs and complete primary outcome and covariate
data).

Latent class and co-occurrence analyses

To understand whether meaningful groups of patients (pheno-
types) could be described by how LTCs group together, latent class
analysis (LCA) was used in all participants with MLTCs with com-
plete LTC data who attended a 1-year visit (Figure 1), following
the guide provided in Weller et al. (2020) [33]. A succession of
LCA models were explored with 1:30 classes based on the pres-
ence of preexisting LTCs. LCA model selection was guided by sta-
tistical criteria (Akaike information criterion [AIC], consistent AIC
[CAIC], AIC with penalty factor of 3 [AIC3], BIC, sample-adjusted
BIC [SABIC], log likelihood, and entropy) to narrow down the best
fitted models and clinical interpretation of the model outcome for
final selection. Participants were assigned to one class based on
their respective posterior probabilities and naming of classes was
based on a set of rules based on between- and within-class preva-
lence of LTCs (full details are provided in Supplement S5). Multi-
variable logistic regression (adjusted for age, sex, ethnicity, IMD,
obesity, severity of acute illness, and duration of admission) was
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used to model recovery at 1 year post-hospitalization according to
LTC classes derived from LCA using complete-case data. Network
analysis was implemented to determine relationships of pair co-
occurrence among the LTCs and frequent itemset mining for eval-
uation of co-occurrence of more than two LTCs.

R (version 2023.12.1, R Foundation for Statistical Computing)
was used (with packages tidyverse, dplyr, ggplot2, matchit, betareg,
nnet, performance, Imtest, sandwich, rms, finalfit, car, and poLCA) for
the statistical analyses.

Role of the funding source

The funders of the study had no role in study design, data col-
lection, data analysis, data interpretation, or writing of the report.

Patient and public involvement

This study was informed by research priorities identified by
patients and clinicians [18]. A patient advisory group comprising
seven individuals living with preexisting MLTCs and long COVID
were involved in the design, reporting, and dissemination of this
research. Two members (N.S. and J.E.) were involved in interpreta-
tion of the analyses and reviewing the manuscript.

Results

Of 2100 participants, a total of 1787 had primary outcome data,
978 (54.7%) of whom had preexisting MLTCs (Figure 1; Supplement
S6). Before matching, the MLTCs group were older, less diverse in
ethnicity, more deprived, more likely to be obese, and had more
participants with a smoking history than the non-MLTCs group
(Table 1).

Of the 978 participants with MLTCs and primary outcome
(patient-perceived recovery at 1 year) data (Figure 1), the major-
ity had two to four preexisting LTCs (76.4%) involving one to three
body systems (89.8%) (Supplement S11). Cardiovascular was the
most prevalent LTC type (72.4%) and the median Charlson comor-
bidity index score [30] of this cohort was 3 (IQR 2-4) (associated
with an estimated 10-year survival rate of 77%).

Are adults with preexisting MLTCs less likely to feel recovered with
worse health and well-being outcomes than adults without
preexisting MLTCs?

A total of 647 participants with preexisting MLTCs were
matched 1:1 with 647 participants without MLTCs, with no sig-
nificant difference in age group, ethnicity, deprivation, presence of
obesity, and smoking history (details of the matching process are
listed in Supplement S7 and S8). The propensity score-matched
population (n = 1294) had a median age of 59 (IQR 52-67) years,
61.9% were male, 79.6% of White British ethnicity, median admis-
sion duration of 8 (IQR 4-16) days, and 19.3% were intubated and
mechanically ventilated during their admission.

Compared with adults without MLTCs, adults with MLTCs were
34% (OR 0.66 [95% CI 0.51-0.85], P = 0.0013) less likely to feel
fully recovered at 1 year post-discharge (Figure 2; Supplement S9).
Physical, mental, and cognitive health outcomes at 1 year were also
worse in adults with MLTCs than in those without (Table 2; Sup-
plement S10). In addition to health outcomes, adults with MLTCs
were more likely to frequently feel lonely (OR 0.46 [95% CI 0.30-
0.68], P = 0.0002) and isolated at 1 year (OR 0.52 [95% CI 0.35-
0.76], P = 0.0010).
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Are there differences in recovery at 1 year according to how MLTCs
are categorized (e.g. number or type of LTCs, body systems involved)
including how certain LTCs group together?

Of the 978 participants with MLTCs, 922 had complete data
relevant to the regression analyses of the primary outcome (i.e.
complete data for age, sex, ethnicity, IMD, severity of acute ill-
ness, duration of admission, obesity, and smoking history). Patient-
perceived recovery at 1 year was associated with type of LTCs and
number of body systems involved but not with increasing num-
ber of LTCs beyond two (Table 3; Supplement S10). Within partic-
ipants with MLTCs, recovery was negatively associated with mul-
tiple body systems involved (two or more) and the co-existence
of mental and physical health LTCs (Table 3). Worse outcomes in
adults with multiple body system involvement or co-existent men-
tal and physical health LTCs were also reflected across a range of
physical and mental health outcomes at 1 year post-hospitalization
(Supplement S13), including HRQoL and feeling isolated.

A total of 1139 of 1163 (97.9%) participants with MLTCs and
complete LTC data were included in the LCA to identify MLTCs
classes based on the presence of frequently co-occurring preex-
isting LTCs. According to information criterion measures, AIC in-
dicated 11 classes, CAIC 3 classes, AIC3 5 classes, BIC 3 classes,
and SABIC 4 classes selection (a comparison of criteria and models
are provided in Supplement S14a). For each of these, entropy, class
sizes, posterior probabilities of class members, and clinical mean-
ing were evaluated (Supplement S14b-d). Four MLTCs classes were
identified: coronary heart disease (n = 90), depression/anxiety and
asthma (n = 345), cardiovascular risk factors (n = 662), and no
dominant, numerous conditions (n = 42) (Supplement S15). Over-
all, combinations among hypertension, hypercholesterolemia, and
diabetes were the most frequently co-occurring LTCs (Supplement
S16a-b).

The coronary heart disease class was primarily characterized by
high prevalence of preexisting myocardial infarction and ischemic
heart disease (Figure 3a). Compared with the other classes, mem-
bers of this class were older (median 66.5 [IQR 60.0-74.8] years),
predominantly male (86.7%), and of White ethnicity (85.6%) (Sup-
plement S17a). Despite the relatively small size (<10% of the LCA
cohort), this class had a high prevalence of myocardial infarction
and a high proportion of the total of participants (85%) with this
condition (Figure 3a, b). Members of the depression/anxiety and
asthma class were younger (median 57.0 [IQR 49.0-64.0] years),
predominantly females (57.4%), and of White ethnicity (87.8%). The
cardiovascular risk factors class was primarily characterized by
high prevalence of preexisting hypertension, hypercholesterolemia,
and diabetes. Although male sex (67.1%) and White ethnicity were
predominant (73.2%), this class had the highest proportion of
adults of Black (10.4%) and South Asian ethnicity (10.3%). The no
dominant, numerous conditions class had no dominant LTCs or
demographic characteristics; however, notably, members have the
highest number of LTCs (median 9 [IQR 7-10]) and body systems
involved (median 4 [IQR 4-5]). Further details regarding class char-
acterization are provided in Supplement S17.

There was a difference in patient-perceived recovery at 1 year
across classes (P = 0.0016). Compared with the cardiovascular risk
factors class, members of the depression/anxiety and asthma class
were less likely to report full recovery at 1 year post-discharge
(OR 0.64 [95% CI 0.42-0.96], P = 0.035) (Figure 4). A limited range
of physical and mental health outcomes were worse in the de-
pression/anxiety class than in the cardiovascular risk factors class,
including HRQoL and feeling isolated. The no dominant, numer-
ous conditions class was associated with a broader range of worse
secondary outcomes, including additional physical measures and
symptom severity (Supplement S18).
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Table 1
Baseline characteristics of propensity score-matched population (n = 1294).
Matched population No MLTCs group MLTCs group Standardized mean  P-value
n = 1294 n =647 n = 647 difference (x2 or Mann-Whitney
post-propensity U test)
N % n 9% N 9% score matching
Median age (years) 59 (52-67) 58 (50-66) 59 (53-67) 0.015
Age group? (years) <30 16 12 10 15 6 0.9 0.044 0.38
30-39 57 4.4 32 49 25 3.9 0.039
40-49 191 14.8 106 16.4 85 13.1 0.087
50-59 411 318 201 311 210 325 —0.030
60-69 397 30.7 190 294 207 32.0 —-0.060
70-79 202 15.6 96 14.8 106 16.4 —-0.046
80+ 20 15 12 19 8 1.2 0.049
Sex? Female 493 38.1 260 40.2 233 36.0 0.086 0.14
Male 801 619 387 59.8 414 64.0 —0.086
Gender Female 485 375 256 39.6 229 354 0.25
Male 772 59.7 373 57.7 339 524
Intersex, non-binary or prefer 11 0.9
not to say
Missing values 26 2.0 13 2.0 73 1.3
Ethnicity? Black 69 53 39 6.0 30 46 0.058 0.52
Mixed 27 2.1 15 23 12 1.9 0.029
Other 53 4.1 30 4.6 23 3.6 0.051
South Asian 115 8.9 60 9.3 55 8.5 0.026
White 1030 79.6 503 777 527 815 —-0.087
Disability Yes 254 19.6 80 124 174 26.9 <0.0001
No 929 71.8 512 79.1 417 64.5
Prefer not to say 48 3.7 19 29 6 0.9
Missing values 63 49 36 5.6 50 7.7
Index of multiple 1 - most deprived 284 219 144 223 140 21.6 0.015 0.90
deprivation 2 260 20.1 136 21.0 124 19.2 0.046
quintile® 3 243 18.8 119 18.4 124 19.2 —0.020
4 245 18.9 118 18.2 127 19.6 —-0.036
5 - least deprived 262 20.2 130 20.1 132 204 —-0.008
Pre-COVID Full-time employment 456 35.2 258 399 198 30.6 <0.0001
employment status Part-time employment 100 7.7 51 79 49 7.6
Caring for an adult or 19 15 8 12 11 17
children, or in education
Unemployed 38 29 1 17 27 4.2
Off sick 38 2.9 14 2.2 24 3.7
Retired 219 16.9 89 13.8 130 20.1
Missing values 424 328 216 334 208 321
Caring None 905 69.9 448 69.2 457 70.6 0.48
responsibilities Primary carer of a 154 119 86 133 68 10.5
child/children (<18)
Primary carer of a disabled 1 0.9
child/children
Primary carer or assistant for 46 3.6 24 3.7 22 34
an older person/people (>65)
Primary carer or assistant of 36 2.8 13 20 23 3.6
a disabled adult (>18)
Secondary carer (another 48 3.7 22 34 26 4.0
person carries out main
caring role)
Prefer not to say 37 2.9 19 29 18 2.8
Missing values 57 4.4 29 4.5 28 43
Living Spouse/partner 833 64.4 416 64.3 417 64.5 0.94
arrangements Children 0-16 years 51 3.9 30 4.6 21 3.2
Own/partner’s children >16 62 4.8 31 4.8 31 4.8
years
Own/partner’s parents 13 1.0 7 11 6 0.9
Other adult relatives 50 3.9 23 3.6 27 4.2
Other non-related adults 15 12 8 1.2 7 11
Prefer not to say 70 54 37 5.7 33 51
Missing values 200 15.5 95 14.7 105 16.2
Median body mass 312 309 315
index (27.8-36.1) (27.8-35.1) (27.9-37.1)
Obesity? <30 kg/m? 526 40.6 266 411 260 40.2 0.019 0.024
>30 kg/m? 768 59.4 381 58.9 387 59.8 -0.019 0.78
Smoking® Current 19 15 1 17 8 12 0.037
Ex 543 42.0 268 414 275 425 -0.022 0.75
Never 732 56.6 368 56.9 364 56.3 0.013
Severity of acute WHO Class 3-4 195 15.1 100 155 95 14.7
illness (WHO clinical WHO Class 5 552 42.7 273 422 279 431 0.58
progression scale) WHO Class 6 297 23.0 141 21.8 156 241
WHO Class 7-9 250 19.3 133 20.6 117 18.1
Admission duration 8 (4-16) 8 (4-17) 8 (4-15) 0.44

(days)

Data are presented as n (%) or median (interquartile range). Values are omitted where >0 and <5 for data protection purposes, denoted by

2 Propensity matching factors.MLTCs, multiple long-term conditions; WHO, World Health Organization.

w
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Table 2

Outcomes at 1 year in propensity score-matched population (n = 1294).
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Matched population

No MLTCs group

MLTCs group

n = 1294 n = 647 n =647 P-value?®
n % n % n %
Recovery Patient-perceived Recovered 392 303 221 34.2 171 26.4 0.0030
recovery
Not recovered 902 69.7 426 65.8 476 73.6
Frailty RCF score 1 - Very fit 157 121 95 14.7 62 9.6 <0.0001
2 - Well 387 29.9 256 39.6 131 20.2
3 - Managing well 421 325 169 26.1 252 38.9
4 - Vulnerable 166 12.8 51 7.9 115 17.8
5 - Mildly frail 29 22 7 11 22 34
6/7 - Moderately or 20 15
severely frail
8/9 - Very severely frail 0 0.0 0 0.0 0 0.0
or terminally ill
RCF summary >5 Yes (frail) 49 38 1 17 38 59 0.00022
>5 No (not frail) 1131 874 571 88.3 560 86.6
Missing values 114 8.8 65 10.0 49 7.6
HRQoL EQ-5D-5L - UI Median 0.77 0.8 0.72 <0.0001
post-hospitalization (0.62-0.88) (0.68-1.00) (0.54-0.84)
Missing values 133 10.3 68 10.5 65 10.0
EQ-5D-5L - VAS Median 75 (60-88) 80 (65-90) 70 (50-80) <0.0001
post-hospitalization
Missing values 144 111 72 111 72 111
Symptoms Symptom count Median 9 (4-16) 7 (3-15) 11 (5-19) <0.0001
Missing values 0 0 0 0 0 0
Breathlessness Severity (0-10) Median 2 (0-5) 2 (0-4) 2 (1-5) <0.0001
Missing values 28 2.2 13 2.0 15 2.3
Dyspnea-12 Median score 2 (0-7) 1(0-5) 3 (0-10) <0.0001
Missing values 94 7.3 50 7.7 44 6.8
Cough Severity (0-10) Median 0 (0-2) 0 (0-2) 0 (0-2.25) 0.00038
Missing values 32 25 17 2.6 15.0 23
Fatigue Severity (0-10) Median 3 (1-6) 2 (0-5) 4 (1-7) <0.0001
Missing values 30 23 15 23 15 2.3
Functional assessment of Median summary score 39 (27-46) 42 (32-48) 36 <0.0001
chronic illness therapy - (22.75-44)
Fatigue scale
Missing values 92 71 49 7.6 43 6.6
Poor sleep Severity (0-10) Median 3 (0-6) 2 (0-5) 4 (1-6) <0.0001
Missing values 30 23 15 23 15 2.3
Pain Severity (0-10) Median 1 (0-5) 1(0-4) 2 (0-6) <0.0001
Missing values 34 2.6 16 25 40 6.2
Questionnaires - brief Median - Severity 12 (4-20) 10 (2-18) 14 (5-22) <0.0001
pain inventory
Missing values 309 239 171 264 138 213
Median - Interference 14 (1-33) 10 (0-26) 17 (3-39) <0.0001
Missing values 345 26.7 192 29.7 153 23.6
Functional capacity Walk test Median ISWT distance 420 450 360 <0.0001
(m) (n = 771) (280-590) (330-650) (240-550)
Missing values 131/771 54771 77]771
Median ISWT level 7 (6-9) 8 (6-9) 7 (5-9) <0.0001
Missing values 136/771 56/771 80/771
Short physical Median total score 11 (9-12) 11 (9-12) 10 (9-12) <0.0001
performance battery
>10 Yes 537 415 234 36.2 303 46.8 <0.0001
>10 No 607 46.9 340 52.6 267 413
Missing values 150 11.6 73 1.3 77 119
Muscle strength Median handgrip 32 32.6 31 0.014
strength (kg) (23.7-41.6) (24.5-42.2) (22.4-40.5)
Missing values 133 10.3 64 9.9 69 10.7
Median quadriceps 22.7 234 224 0.80
strength (kg) (17.3-31) (17-30.3) (17.4-31.3)
Missing values 1133 87.6 561 86.7 572 88.4
Nottingham extended Median total score 20 (18-22) 21 (19-22) 20 (16-22) <0.0001
activities of daily living
scale
Missing values 106 8.2 52 8.0 54 8.3
General practice physical Median physical activity 2 (1-3) 2(1-3) 1(1-3) <0.0001
activity questionnaire index
Missing values 117 9.0 65 10.0 52 8.0
Median exercise score 0 (0-2) 0(0-2) 0(0-1) 0.87
Missing values m 8.6 61 9.4 50 7.7
Median occupation score 1(1-2) 1(1-2) 1(1-1) <0.0001
Missing values 102 79 55 85 47 7.3
Disability WG-SS - Disability Yes 254 19.6 92 14.2 162 25.0 <0.0001
No 1034 79.9 552 85.3 482 74.5
Missing values 6 0.5 - - - -
WG-SS - New disability Yes 69 53 25 39 44 6.8 0.071
No 274 21.2 135 209 139 215
Missing values 951 73.5 487 75.3 464 71.7

(continued on next page)
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Table 2 (continued)
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Matched population No MLTCs group MLICs group P-value?
n = 1294 n = 647 n =647
n % n % n %
Mental Health Anxiety - Generalized Median summary score 3 (0-8) 2 (0-7) 4 (0-10) <0.0001
anxiety disorder >8 Yes 284 219 114 17.6 170 263 0.00030
questionnaire-7 >8 No 925 715 487 75.3 438 67.7
Missing values 85 6.6 46 71 39 6.0
Depression - Patient Median summary score 4 (1-10) 3 (1-8) 5 (2-12) <0.0001
health questionnaire-9 >10 Yes 31 24.0 118 18.2 193 29.8 <0.0001
>10 No 895 69.2 481 743 414 64.0
Missing values 88 6.8 48 74 40 6.2
Post-traumatic stress Median total score 7 (2-21) 6 (1-15.75) 9 (3-26) <0.0001
disorder checklist for >37 Yes 134 10.4 39 6.0 95 14.7 <0.0001
DSM -5 >37 No 1070 82.7 559 86.4 511 79.0
Missing values 90 7.0 49 7.6 41 6.3
Cognitive Cognitive impairment — Median total score 27 (25-29) 27 (26-29) 27 (25-28) <0.0001
Montreal cognitive Median total corrected 28 (26-29) 28 (26-29) 27 (25-29) 0.00046
assessment score
<23 Yes 99 7.7 37 5.7 62 9.6 0.012
<23 No 944 73.0 484 74.8 460 711
Corrected - Yes 88 6.8 34 53 54 8.3 0.035
Corrected - No 955 73.8 487 753 468 723
Missing values 251 19.4 126 19.5 125 19.3
Other Occupation status Full-time employment 461 35.6 271 419 190 294 <0.0001

Part-time employment 170 131 94 14.5 76 11.7
Caring for an adult or 23 18 11 17 12 19
children, or in education
Unemployed 40 31 16 25 24 3.7
Off sick 99 77 29 45 70 108
Retired 305 23.6 132 204 173 26.7
Prefer not to say 8 0.6 - - - -
Missing values 188 14.5 92 14.2 96 14.8

Loneliness Often 17 9.0 40 6.2 77 119 <0.0001
Some of the time 326 25.2 135 209 191 29.5
Hardly ever 817 63.1 454 70.2 363 56.1
Missing values 34 26 18 2.8 16 25

Isolation Often 125 9.7 46 71 79 12.2 <0.0001
Some of the time 302 233 118 18.2 184 284
Hardly ever 841 65.0 466 72.0 375 58.0
Missing values 26 20 17 2.6 9 14

2 2 or Mann-Whitney U test.Data are presented as n (%) or median (interquartile range). Values are omitted where >0 and <5 for data protection purposes, denoted by
“..."EQ-5D-5L UI and VAS, EuroQol-5 dimensions-5 levels utility index and visual analog scale; ISWT, incremental shuttle walk test; MLTCs, multiple long-term conditions;
RCF, Rockwood clinical frailty score; WG-SS, Washington group short set on functioning.

Discussion

Adults with preexisting MLTCs were 34% less likely to re-
port full recovery at 1 year after COVID-19 hospitalization than
those without MLTCs (propensity-matched). Within those with
MLTCs, having a preexisting respiratory, gastrointestinal, or neu-

Recovery: OR (95% Cl, p-value)
Pre-existing MLTCs

Age (years)

Sex

Ethnicity group

No MLTCs group
MLTCs group

<50
50-55
56-60
61-65
66-70
>70
Male
Female
White

Black, Mixed, Other, or South Asian

IMD quintile

5 - least deprived

4
3
2

1 - most deprived

Severity of acute iliness (WHO CPS)

Duration of admission (days)

Class 3-4
Class 5
Class 6

Class 7-9

0-9
10-19
20+

Obesity

Smoking history

BMI = body mass index; CI = confidence interval; IMD = Index of Multiple Deprivation; LTC = long-term condition; MLTCs = multiple long-term conditions; OR = odds
ratio; WHO CPS = World Health Organisation Clinical Progression Scale.

BMI < 30 kg/m*2
BMI 30+ kg/m*2
Never smoker
Current or ex smoker

0.66 (0.51-0.85, p=0.001)

0.53 (0.34-0.82, p=0.005)
0.58 (0.39-0.86, p=0.007)
0.75 (0.48-1.15, p=0.184)
0.78 (0.50-1.22, p=0.283)
1.18 (0.76-1.82, p=0.467)

0.62 (0.47-0.81,p=0.001)
1.85 (1.36-2.53, p<0.001)
0.95 (0.64-1.42, p=0.815)
1.02 (0.68-1.52, p=0.918)
0.92 (0.62-1.37, p=0.686)
0.70 (0.47-1.05, p=0.083)
1.37 (0.94-2.01, p=0.103)
1.22 (0.78-1.92, p=0.388)
0.59 (0.32-1.07, p=0.084)

1.00 (0.70-1.42, p=1.000)
0.86 (0.53-1.40, p=0.548)

0.53 (0.41-0.69, p<0.001)

0.72 (0.55-0.93, p=0.013)

Non-recovery

Odds ratio (95% Cl, log scale)

Figure 2. Patient-perceived recovery at 1 year post-hospital discharge.

rologic/psychiatric LTC; two or more body system involvement;
co-existing mental and physical health LTCs; or co-occurring de-

pression/anxiety and asthma was associated with being less likely
to report full recovery at 1 year. Conversely, those with an “en-
docrine/renal/metabolic” LTC were more likely to feel recovered.
Prognostic classifications of preexisting MLTCs in the post-COVID-
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(a) Prevalence of pre-existing long-term conditions within 1:4 classes heatmap
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(b) Proportion of cohort with long-term conditions within 1:4 classes heatmap
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AF = atrial fibrillation; CFS = chronic fatigue syndrome; CKD = chronic kidney disease; COPD = chronic
obstructive pulmonary disease; CVA or TIA = cerebrovascular accident or transient ischaemic attack; DM =
diabetes mellitus; GORD = gastro-oesophageal reflux disease; HCD = hypercholesterolaemia; HTN =
hypertension; IHD = ischaemic heart disease; LTC = long-term condition; MI = myocardial infarction; OA =

osteoarthritis; OSA = obstructive sleep apnoea; RA = rheumatoid arthritis.

Figure 3. Latent class and co-occurrence analyses: (a) prevalence of preexisting long-term conditions within 1:4 classes heatmap, (b) proportion of cohort with long-term
conditions within 1:4 classes heatmap, (c) frequent itemset mining.
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(c) Frequent itemset mining: UpSet plots showing co-occurrence of long-term conditions in individual classes
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All combinations of LTCs in this class are unique, no UpSet plot available.
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Figure 3. Continued

LCA-derived MLTCs classes

Missing  Non-recovered g oo oR (95% CI, pvalue” Non-recovery Recovery
values n(%)** &4 >
Class Cardiovascular risk factors (n=662) 100 393 (69.9) —
Depression/anxiety and asthma (n=345) 57 233(80.9) 0.64 (0.42-0.96, p=0.035) .
Coronary heart disease (n=90) 14 52 (68.4) 1.20 (0.66-2.15, p=0.536) —
No dominant, numerous conditions (n=42) 8 29(85.3) 0.57 (0.19-1.46, p=0.282)

Odds ratio (95% Cl, log scale)

*Adjusted for age, sex, ethnicity, IMD, severity of acute illness, duration of admission, obesity and smoking history.

** Percentages excluding missing values.
CI, confidence interval; MLTCs, multiple long-term conditions.

Figure 4. Patient-perceived recovery 1 year post-hospital discharge (preexisting MLTCs). Latent class analysis-derived MLTCs classes.
CI, confidence interval; MLTCs, multiple long-term conditions.

Table 3

Patient-perceived recovery at 1 year after COVID-19 hospitalization according to further categorization of preexisting MLTCs (n = 922): (a) “complex” MLTC

definitions, (b) latent class analysis-derived MLTCs classes.

0dds ratio [95% confidence

Definition Reference interval] for recovery at 1-year? P-value
Number of LTCs >3 LTCs Two LTCs 0.91 [ 0.45-1.27] 0.57
>4 LTCs <3 LTCs 0.87 [ 0.62-1.21] 0.42
>5 LTCs <4 LTCs 0.78 [ 0.52-1.14] 0.21
Multiple bodily system involvement >2 systems One system 0.67 [ 0.47-0.95] 0.026
>3 systems <2 systems 0.61 [ 0.42-0.88] 0.0093
Mental and physical health LTCs Physical only 0.64 [ 0.42-0.96] 0.033

2 Adjusted for age, sex, ethnicity, index of multiple deprivation, severity of acute illness, duration of admission, obesity, and smoking history.MLTCs, multiple

long-term conditions.

19 hospitalization population have potential implications for pro-
viding clinical care and future research in long COVID. By exten-
sion, these prognostic classifications may have utility beyond in-
fection (e.g. stratifying risk of functional decline after acute ex-
acerbation of chronic disease). Relative to non-recovery rates re-
ported within the reverse power calculation data sets (55% of 327
hospitalized adults at 3 months [31] and 49% of 1192 hospital-
ized adults in Wuhan at 1 year [32]) and the estimated global
prevalence of long COVID (36% overall and 44% within hospi-
talized individuals [3]), a substantially higher proportion of our

10

post-hospitalization matched cohort did not feel fully recovered
at 1 year (70%). Although our cohort had a relatively low pro-
portion of females (38.1%), they were notably more obese (59.4%
vs 22.4%) and more deprived (21.9% vs 14.4% in IMD decile 1)
than a cohort of 171,662 adults hospitalized with COVID-19 in
England [5]. The risk profile of our cohort may have influenced
our findings and may not be directly translated to the broader
population.

Recent meta-analyses identifying the presence of single preex-
isting LTCs as risk factors for the development of long COVID have
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evaluated limited lists of LTCs (seven [6] and 10 physical health
LTCs only [3]) and the presence of MLTCs was not considered, per-
haps limited by the extent and nature of reporting of preexisting
LTCs. A population-based longitudinal cohort study of 1,554,040
adults in the United Kingdom with confirmed SARS-CoV-2 infec-
tion (hospitalized and non-hospitalized) used a more comprehen-
sive list of 33 physical and nine mental health preexisting LTCs [5].
Anxiety, somatic symptom disorder, and type 2 diabetes were re-
ported as the most significant risk factors for long COVID over a
year later, but, again, the co-existence of two or more LTCs was
not investigated.

There is equipoise as to whether obesity is considered a LTC vs
a risk factor given its potential long-term impact but modifiable
nature. Obesity has not been consistently included in weighted
measures of MLTCs [21] and was not included as a listed LTC
within a relevant Delphi consensus [20]. In keeping with previous
analyses [5,6], our results indicate that obesity is an independent
risk factor for non-recovery after matching and adjusting for all
other variables.

Reflective of the patient-perceived recovery findings, secondary
outcomes at 1 year spanning physical, mental, and cognitive health
were all less favorable in those with MLTCs than in those without.
Of particular note, with consideration of the prevalence of MLTCs
in disadvantaged communities, the presence of MLTCs was associ-
ated with worse HRQoL and feeling lonely and isolated. A qualita-
tive synthesis (of eight studies) reported an association with MLTCs
and loneliness [34]; however, the directionality of the relationship
was debated. The compounding psychosocial impacts of those liv-
ing with preexisting MLTCs and long COVID warrants further at-
tention.

Although the potential value of complex MLTCs definitions in
categorizing individuals beyond the standard two or more LTCs
definitions has been recognized [20,23], there are limited data
comparing clinical outcomes by differing definitions. Inconsistency
in reporting and defining MLTCs limits evidence synthesis [21]. We
report significant differences in recovery at 1 year after COVID-19
hospitalization according to type and number of body systems in-
volved. Although the challenges associated with complex MLTCs
definition standardization across the heterogenous clinical land-
scape are recognized, consistent reporting is essential to progress
this field of research.

Mental health conditions and cardiometabolic conditions (re-
spectively) are the most consistent and replicable MLTCs clusters
described in existing literature, with mental health clusters often
being associated with worse outcomes [10,24-26]. Similarly, we re-
port worse recovery at 1 year after COVID-19 hospitalization in our
depression/anxiety and asthma class than others. Outside of an in-
fectious insult, LCA was used in two British cohorts to identify as-
sociations between age-stratified MLTCs clusters and HRQoL [27].
Chronic pain and cardiometabolic clusters were consistently asso-
ciated with worse HRQoL across age groups compared with other
clusters.

Although PHOSP-COVID is a large, prospective multi-center
study, the data are observational and reflective of the impact of
circulating SARS-CoV-2 variants of the period in a mostly unvac-
cinated population, limiting the extent to which findings can be
generalized to the onward phases of the pandemic. The absence of
objective baseline data limits our ability to account for preexisting
health status and may, therefore, had led to an overestimation of
worse 1-year outcomes. The primary outcome of recovery at 1 year
is based on subjective patient-reported assessment, which may be
influenced by additional broader psychosocial influences that are
not captured by our data. Attrition bias may have been introduced
by exclusion of participants lost to follow-up and deaths. Further,
not all participants with preexisting MLTCs could be matched (with
participants without MLTCs), potentially introducing selection bias

1
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and limiting the generalizability of our findings. Although miss-
ingness is less than 10% for the majority of variables reported,
missingness according to site was identified to affect several vari-
ables, limiting the use of multiple imputation, potentially introduc-
ing bias if the missingness was not random. The absence of an ob-
served association between number of LTCs and recovery at 1 year
among those with MLTCs may have been reflective of survivor bias,
whereby those with a greater number of LTCs may have a higher
mortality and are, therefore, missing in follow-up.

Our findings confirm the increased vulnerability of adults living
with MLTCs to post-acute sequalae of SARS-CoV-2 infection. Cat-
egorizing adults with preexisting MLTCs by type and number of
body systems affected and frequently co-occurring LTCs has poten-
tial utility for clinical care and for future research definitions. The
ability to identify and target those adults post-COVID-19 hospital-
ization most in need has the potential to improve health and well-
being outcomes and reduce inequalities, for example, stratification
for the vaccination program and targeted interventions such as ac-
cess to anti-viral therapies or specific monoclonal antibodies in the
advent of re-infection.

In conclusion, adults with preexisting MLTCs hospitalized due to
COVID-19 were less likely to feel fully recovered at 1 year. Certain
types of LTCs, multiple body system involvement, and co-occurring
LTC class phenotypes were associated with worse recovery at 1
year. We describe novel prognostic classifications of MLTCs rele-
vant for targeted clinical care and furthering the field of complex
MLTC definitions. These classifications of MLTCs need further in-
vestigation in other post-acute infection syndromes, including the
underlying pathophysiology.
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