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ABSTRACT

Objectives Older individuals with multimorbidity are

at an elevated risk of infection and complications from
COVID-19. Effectiveness of post-COVID-19 interventions
or care models in reducing subsequent adverse outcomes
in these individuals have rarely been examined. This study
aims to examine the effectiveness of attending general
outpatient within 30 days after discharge from COVID-19
on 1-year survival among older adults aged 85 years or
above with multimorbidity.

Design Retrospective cohort study emulating a
randomised target trial using electronic health records.
Setting We used data from the Hospital Authority and
the Department of Health in Hong Kong, which provided
comprehensive electronic health records, COVID-19
confirmed case data, population-based vaccination
records and other individual characteristics for the study.
Participants Adults aged 85 years or above with
multimorbidity who were discharged after hospitalisation
for COVID-19 between January 2020 and August 2022.
Interventions Attending a general outpatient within 30
days of last COVID-19 discharge defined the exposure,
compared to no outpatient visit.

Main outcome measures Primary outcome was all-
cause mortality within one year. Secondary outcomes
included mortality from respiratory, cardiovascular and
cancer causes.

Results A total of 6183 eligible COVID-19 survivors

were included in the analysis. The all-cause mortality

rate following COVID-19 hospitalisation was lower in

the general outpatient visit group (17.1 deaths per

100 person-year) compared with non-visit group (42.8
deaths per 100 person-year). After adjustment, primary
care consultations within 30 days after discharge were
associated with a significantly greater 1-year survival
(difference in 1-year survival: 11.2%, 95% Cl 8.1% to
14.4%). We also observed significantly better survival from
respiratory diseases in the general outpatient visit group
(difference in 1-year survival: 6.3%, 95% Cl 3.5% to 8.9%).
In a sensitivity analysis for different grace period lengths,

1,5,6,8

KEY POINTS

= Question: Does visiting a general outpatient clinic
within 30 days after discharge from last hospital-
isation for COVID-19 improve 1-year survival among
Chinese older adults aged 85 years or above with
multimorbidity?

= Finding: using a territory-wide linked healthcare da-
tabase in Hong Kong and target trial emulation ap-
proach, we found that general outpatient attendance
within 30 days after discharge was associated with
an improved 1-year survival compared to no atten-
dance within 30 days.

= Meaning: timely primary care follow-up after
COVID-19 hospitalisation through general outpatient
attendance can effectively reduce mortality for high-
risk older adults with multimorbidity. Healthcare sys-
tems should implement mechanisms to ensure and
facilitate primary care follow-up for this population.

we found that the earlier participants had a general
outpatient visit after COVID-19 discharge, the better the
survival.

Conclusions Timely primary care consultations after
COVID-19 hospitalisation may improve survival following
COVID-19 hospitalisation among older adults aged 85

or above with multimorbidity. Expanding primary care
services and implementing follow-up mechanisms are
crucial to support this vulnerable population’s recovery and
well-being.

INTRODUCTION

Accumulated epidemiologic evidence consis-
tently suggests that older people living with
multimorbidity, referred to as the cooc-
currence of two or more chronic condi-
tions, are disproportionately burdened by
the COVID-19 pandemic.' * It is shown that
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multimorbidity is associated with an elevated risk of infec-
tion as well as serious complications once infected.”* Since
the WHO declared the end to the global public health
emergency alert in early May 2023,” many countries have
essentially entered the exit phase of the pandemic.®’
The focus of clinical research is now shifted to the epide-
miology and management of the clinical sequalae of
COVID-19 as an endemic®? as well as potential interac-
tions with preexisting chronic conditions.

The pandemic has revealed the heightened vulnera-
bility of patients with multimorbidity, thereby reinforcing
the necessity for postinfection care models that can offer
comprehensive and coordinated healthcare services.
Multimorbidity is predominantly driven by old age'” and
is known to be associated with significantly poorer quality
of life'" and greater risk of mortality'® even in the absence
of the pandemic. Post-SARS-CoV-2-infection interven-
tions or care models in reducing subsequent adverse
health outcomes in these people have rarely, if at all,
been examined. While previous research has suggested
that regular and timely primary care consultations may
improve a range of outcomes after a severe respira-
tory infection,” there is no data for such consultations
shortly after a hospitalised COVID-19 episode. Of partic-
ular concern, the oldest-olds, typically aged 85 or older,
living with multimorbidity are at much heightened risk of
mortality following an acute respiratory infection.” In the
fifth wave of COVID-19 pandemics in Hong Kong from 1
December 2021 to 29 January 2023, the case fatality rate
(CFR) among people over 80 years old was the highest
among all age groups at 7.03%, while the CFR for those
who had never been vaccinated against COVID-19 was
14.56%.""

In a real-world clinical setting, it is inappropriate to
conduct a randomised controlled trial (RCT) to exper-
iment with the potential effect of primary care consul-
tations following a COVID-19 episode due to obvious
ethical concerns. To address this, target trial emulation
has emerged as a powerful methodology to mimic the
design and analysis of a hypothetical RCT to estimate
causal effects when an actual trial is infeasible."” In this
study, we aimed to conduct a target trial emulation study
with a territory-wide public healthcare database in Hong
Kong to examine the effectiveness of such consultations
using longitudinal observational data. We hypothesised
that a primary care consultation shortly after a COVID-19
episode would reduce the risk of mortality in Chinese
older people aged 85 years or above.

METHODS

We followed the framework proposed by Hernan and
Robins'® and Maringe ¢t al'’ (the latter being one of the
authors of this work) to emulate a target trial on the effec-
tiveness of attending general out-patient clinics (GOPC)
on the outcome of all-cause mortality after discharge
from last COVID-19 episode. The key components of

the target trial and emulated trial are specified in online
supplemental eTable 1.

Data source

The Hospital Authority (HA), the sole provider of public
inpatient services and a major provider of outpatient
services in Hong Kong, together with the Department
of Health (DH), which oversees public health affairs in
the city, provided all the data for this study. HA manages
all publicly funded hospital and the majority of public
outpatient clinics [including its specialist out-patient
clinics (SOPCs) services and GOPCs]. GOPCs are respon-
sible for delivering high-quality primary care services
that are accessible to financially vulnerable individuals,
the elderly and patients with chronic illnesses.'® These
services include general medical consultations, chronic
disease management, preventive care, health education
and follow-up care for patients discharged from hospi-
tals. There are a total of 77 general outpatient clinics
located throughout the territories of Hong Kong, 23 of
which also provide services during evenings and holi-
days." Given the small total area of Hong Kong where
7.5 million people reside, the GOPCs serve as a highly
accessible first contact point with the healthcare system
for patients. Electronic health records maintained by
the HA were linked anonymously with the COVID-19
confirmed case database and population-based vaccina-
tion records kept by the DH, which is responsible for the
mass roll-out of the vaccines and enforcing the manda-
tory self-reporting of SARS-CoV-2-positive test results by
Hong Kong residents. The linked database covers a wide
variety of longitudinal individual characteristics including
chronic conditions, medication history, healthcare util-
isation, COVID-19 history, vaccination records, etc. The
database covers more than 80% of all health service users
in Hong Kong before the pandemic and essentially covers
all residents in Hong Kong for major acute care services.
The database’s detailed and longitudinal nature allows
for thorough tracking of patient health trajectories and
outcomes, thereby supporting the validity of our study.
Numerous pharmacovigilance studies, including those
focused on multimorbidity, have been conducted using
this linked database.”*'

The target trial

A trial investigating the effect of primary care consul-
tant on post-COVID-19-infection mortality among older
patients aged 85 or above with multimorbidity served as
the target trial of this emulation study. The trial would
enrol participants who were 85 years or older on the
discharge date of hospitalisation for the last COVID-19
episode before 1 February 2023. Participants would be
excluded if they were diagnosed with only one chronic
disease before discharge.

The trial would have started on 1 January 2020 and
ended on 1 February 2023. Eligible participants were
randomly assigned to one of the two designed arms on
their date of discharge. Within 30 days after discharge,
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treatment arm attended GOPC and control arm did not
attend GOPC. Each participant was followed until death,
loss to follow-up or end of the study (1 February 2023).

The primary outcome was all-cause mortality and the
secondary outcomes included respiratory, cardiovascular
and cancer mortality.

The emulated trial

The emulated trial was designed largely in line with the
target trial above. Specifically, eligible participants had
a date of last discharge between 1 January 2020 and 1
August 2022, allowing a minimum potential observation
period of 6months until the end of data availability (1
February 2023). Using the diagnosis records from public
health services, we identified participants with multi-
morbidity, co-occurrence of two or more chronic condi-
tions, utilising a widely used list of 30 chronic conditions
with the corresponding International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes provided in online supplemental eTable 2.
Those who had only one or none of the listed chronic
conditions before the discharge from last COVID-19
episode were excluded.

The date of discharge from the last hospitalisation for
COVID-19 was defined as the index date, that is, time
zero to mimic the time of randomisation. Considering
the actual practice of discharged patients not immedi-
ately sent to GOPC, we set a grace period of 30 days to
initiate ‘treatment’. Because of the uncertainty of treat-
ment assignment at time zero in the emulated trial with
a grace period,” we cloned every eligible participant and
assigned one clone to each treatment strategy. Individuals
were assigned as GOPC group if they attended GOPC
within the grace period we defined. The control group
did not attend GOPC within the grace period or only
attend GOPC after the grace period. When the subject’s
actual treatment violated the assigned treatment strategy,
the duplicate would be artificially censored as presented
in online supplemental eFigure 1.

After treatment assignment, participants were observed
until the occurrence of death or the end of data avail-
ability (1 February 2023). The primary outcome was all-
cause death. Secondary outcomes included death from
respiratory diseases (ICD-10-CM: J00-]99), cardiovascular
diseases (ICD-10-CM: 100-199) and cancer (ICD-10-CM:
C00-C97). The causal contrast of interest in this study was
per-protocol effect, which was the comparative effect of
following the treatment strategies specified in the study
protocol. In the emulated trial using observational data,
participants who violated the treatment assignment were
censored at their time of deviation.

Statistical analysis

To adjust the potential bias from artificial censoring, we
used a Cox regression model to predict the probability
of being uncensored at each time point of event occur-
rence and assigned the inverse of these probability as
weights. Baseline confounders include demographic

characteristics, number of COVID-19 vaccines, inpatient
information, baseline chronic conditions and medica-
tion history. We calculated the total number of doses of
COVID-19 vaccine administered to participants before
their last hospitalisation from the vaccination data
provided by the DH. Inpatient information included the
duration of the last COVID-19-episode hospitalisation
and whether the patient was admitted to intensive care
unit (ICU). To identify the medication history of patients
within 90 days prior to the index date, we used a list of
British National Formulary codes to categorise the medi-
cines, as shown in online supplemental eTable 3. Particu-
larly, we identified the use of three designated COVID-19
antivirals during the last COVID-19 episode, nirmatrelvir/
ritonavir, remdesivir and molnupiravir, respectively. Since
we did not specify any time-varying variable in our study,
baseline covariates were entered in the weighting model
to eliminate the imbalance.

After adjusting for immortal time bias and confounding
bias using clone-censor-weight approach, we used
weighted Kaplan-Meier estimator to obtain the survival
curves of each group. Since the all-cause mortality is
substantial after discharge from respiratory infection, we
adopted l-year survival as our estimand.” Accounting
for the inflation of the sample size and the uncertainty
in weight estimation, the 95% CI for difference in 1-year
survival was obtained using non-parametric bootstrap
with 1000 replicates.

We conducted a series of sensitivity analyses to test the
robustness of the results. First, we varied the length of the
grace period between 10 days and 120 days. Second, we
adopted pooled logistic regression instead of Cox regres-
sion model after clone-censor-weight to generate the
OR.** Third, we identified regular outpatient attendees
before COVID-19 pandemic by visiting GOPC three or
more times in 2019 to see if the results were robust. Last,
we used a leave-one-out approach for multimorbidity
operationalisation to examine the robustness of results
across different multimorbidity compositions.

All analyses were carried out using SAS V.9.4 and R soft-
ware V.4.0.5. A two-sided p value <0.05 was taken as indic-
ative of statistical significance.

RESULTS

Subject characteristics

We identified a total of 6183 COVID-19 survivors who
met the study eligibility criteria. The flowchart of cohort
selection is shown in figure 1. There were 488 subjects
that attended GOPC within 30 days after discharge from
the last COVID-19 episode while there were 5695 subjects
who did not attend GOPC within 30 days after discharge
from the last COVID-19 episode. Table 1 presents the
baseline characteristics of the subjects. The mean age of
GOPC group was 89.72 (SD: 3.94) and that of non-GOPC
group was 90.58 (SD: 4.18). There were 270 (55.33%)
female subjects among GOPC group and 3331 (58.49%)
of that among non-GOPC group. Notably, more than half
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[Older people aged 85 or above in the database by February 1st, 2023]

N =292,690

Exclusions:

« Incomplete vaccine record

« Non-inpatients for COVID-19

« Aged 84 or younger at the date of last discharge
from hospitalization for COVID-19 (baseline)

« Non-multimorbidity patients at baseline
= Die on or before baseline
+ The observation period after the end of grace

for COVID-19 with multimorbidity

CovID-19
(time zero)

| Start of follow up: 1 Eligible participants over 85 years of age hospitalized
| the date of last discharge from hospitalization for | for C

N=6,183

period is less than 6 months.

N = 286,507

and had no chance to attend GOPC at time zero

Eligible participants discharged from hospital to commurity
N=86183

Expanded dataset with one copy of each individual
generated for every treatment strategy

] | e

Assigned fo the "attend GOPC within 30
days after discharge” strategy

N=6,183

Non-adherent to freatment strategy:

« Aftended SOPC within 30 days afler discharge
« Never visiled GOPG within 30 days after discharge

Adnerent to treatment strategy

» Attended GOPC within 30 days after discharge
+ Died prior to GOPC attendance within 30 days after discharge

N =877

l

k « Died after 30 days following discharge

« Be followed up until February 1st, 2023

N =877

Figure 1

of the subjects in both groups had never received the
COVID-19 vaccines (GOPC group: 51.02%, non-GOPC
group: 55.66%). The most common chronic conditions
in GOPC group were hypertension (93.65%), diabetes
(55.53%), severe constipation (23.77%) and chronic
kidney disease (23.16%), while the chronic conditions
with a higher proportion within non-GOPC group were
hypertension (83.14%), diabetes (42.56%), chronic
kidney disease (25.72%) and chronic pain (24.83%).
As for specific COVID-19 antiviral medicines during
their last COVID-19 episode, only a small proportion of
subjects were treated with Molnupiravir (GOPC group:
16.80%, non-GOPC group: 16.87%), Remdesivir (GOPC
group: 17.42%, non-GOPC group: 11.61%) and Nirma-
trelvir/ritonavir (GOPC group: 7.79%, non-GOPC group:
5.25%). As shown in online supplemental eFigure 2, the
characteristics of the two groups were fairly balanced after
cloning and weighting, as they showed a slight difference
greater than 0.15.

Main findings

During the follow-up, there were 66 deaths in the GOPC
group while there were 1684 deaths in the non-GOPC
group in the first year after the last hospitalisation for
COVID-19. The all-cause mortality rate 1 year following

Assigned to the "not attend GOPC within 30
days after discharge” strategy

N=6183

Non-adherent to freatment strategy.
« Afended GOPC/SOPC within 30 days after discharge
N=1,504

+ Did not attended GOPC within 30 days after discharge
» Died prior o GOPC attendance within 30 days after discharge

Adherent to treatment strategy

N =4,589

- Died after 30 days following discharge
« Be followed up until February 1st, 2023

N = 4,589

Cohort selection flowchart. GOPC, general out-patient clinics; SOPC, specialist out-patient clinics.

COVID-19 hospitalisation were 17.1 and 42.8 deaths per
100 person-years for GOPC group and non-GOPC group.
In the original cohort before cloning and confounding
adjustment, the l-year survival after the last discharge
from COVID-19 was 86.0% (95% CI 82.9% to 89.2%) and
68.5% (95% CI 67.0% to 69.9%), respectively, for GOPC
group and non-GOPC group. The survival curve showed
obvious differences of survival between the two groups in
both original cohort and weighted emulated cohort in
figure 2.

Figure 3 shows the results of the main analysis. After
clone-censor-weight adjustment, subjects who attended
GOPC within 30 days after discharge from last COVID-19
episode were shown to have a significantly higher 1-year
survival than those who did not (difference in l-year
survival: 11.2%, 95% CI 8.1% to 14.4%). The results of
the adjusted subgroup analyses were consistent with the
main results. The significant higher 1-year survival was
observed for both sexes, with women showing a slightly
higher improvement (difference in 1-year survival: 13.3%,
95% CI 9.4% to 17.2%) compared with men (difference
in l-year survival: 9.6%, 95% CI 5.0% to 14.7%). Besides,
subjects with a higher number of baseline chronic diseases
had a greater survival benefit from the GOPC attendance,
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Table 1 Subject characteristics

Attend GOPC within 30 days

Not attend GOPC within 30 days SMD*

Participants, N
Age, mean (SD)
Sex, n (%)
Female
Male
COVID-19 vaccine doses, n (%)
0
1
2
3

Hospitalisation duration for last COVID-19
episode, mean (SD)

ICU admission for last COVID-19 episode,
n (%)

Baseline chronic disease, n (%)
Hypertension
Diabetes
Chronic kidney disease
Chronic pain
Chronic heart failure
Atrial fibrillation
Severe constipation
Stroke or transient ischaemic attack
Dementia
Chronic pulmonary disease
Myocardial infarction
Depression
Hypothyroidism
Asthma

Cancer, non-metastatic (breast, cervical,
colorectal, lung, prostate)

Peptic ulcer disease
Parkinson’s disease
Epilepsy

Cancer, metastatic
Cirrhosis

Rheumatoid arthritis
Peripheral vascular disease
Schizophrenia

Chronic viral hepatitis B
Cancer, lymphoma
Psoriasis

Alcohol misuse

Irritable bowel syndrome
Inflammatory bowel disease
Multiple sclerosis

488
89.72 (3.94)

270 (55.33)
218 (44.67)

249 (51.02)
130 (26.64)
100 (20.49)
9 (1.84)
15.48 (14.43)

5 (1.02)

457
271

93.65
55.53
113 (23.16
112 (22.95
83 (17.01)
81 (16.60)
116 (23.77)
94 (19.26)
51 (10.45)
58 (11.89)
19 (3.89)
14 (2.87)
20 (4.10)
)
)

PR R P
= IR A A

25 (5.12
24 (4.92

5695

90.58 (4.18) 0.21
3331 (58.49) 0.03
2364 (41.51) 0.03
3170 (55.66) 0.05
1437 (25.23) 0.01
972 (17.07) 0.03
116 (2.04) <0.01
17.69 (15.81) 0.15
26 (0.46) 0.01
4735 (83.14) 0.11
2424 (42.56) 0.13
1465 (25.72) 0.03
1414 (24.83) 0.02
1338 (23.49) 0.06
1323 (23.23) 0.07
1281 (22.49) 0.01
1089 (19.12) <0.01
983 (17.26) 0.07
914 (16.05) 0.04
527 (9.25) 0.05
291 (5.11) 0.02
253 (4.44) <0.01
246 (4.32) 0.01
232 (4.07) 0.01
221 (3.88) 0.01
177 (3.11) 0.02
101 (1.77) 0.01
97 (1.70) <0.01
53 (0.93) <0.01
53 (0.93) <0.01
49 (0.86) <0.01
52 (0.91) 0.01
36 (0.63) <0.01
36 (0.63) <0.01
25 (0.44) 0.01
22 (0.39) <0.01
7 (0.12) <0.01
3 (0.05) 0.05
2 (0.04) 0.04
Continued
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Table 1 Continued

Attend GOPC within 30 days

Not attend GOPC within 30 days SMD*

Specific COVID-19 antiviral drugs, n (%)

Molnupiravir 82 (16.80)
Remdesivir 85 (17.42)
Nirmatrelvir/ritonavir 38 (7.79)
Medication history, n (%)

Antibacterial drugs 385 (78.89)
Calcium channel blockers 360 (73.77)
Lipid-lowering agents 298 (61.07)
Steroid 203 (41.60)
Antiplatelets 237 (48.57)
Renin-angiotensin system agents 237 (48.57)
Antiviral drugs 249 (51.02)
Diuretics 138 (28.28)
Beta-blockers 157 (32.17)
Antidiabetic drugs 166 (34.02)
Insulins 100 (20.49)
Nitrates 73 (14.96)
Antidepressants 41 (8.40)
Oral anticoagulants 36 (7.38)
Immunosuppressants 31 (6.35)
Antiarrhythmic drugs 17 (3.48)

961 (16.87) <0.01
661 (11.61) 0.06
299 (5.25) 0.03
5021 (88.17) 0.09
3688 (64.76) 0.09
3004 (52.75) 0.08
2744 (48.18) 0.07
2634 (46.25) 0.02
2608 (45.79) 0.03
2314 (40.63) 0.10
1979 (34.75) 0.06
1875 (32.92) 0.01
1533 (26.92) 0.07
1124 (19.74) 0.01
1017 (17.86) 0.03
860 (15.10) 0.07
779 (13.68) 0.06
298 (5.23) 0.01
251 (4.41) 0.01

*For categorical variables, we calculated the raw difference between proportion.
GOPC, general out-patient clinics; ICU, intensive care unit; SMD, standard mean difference.

with those having four or more chronic conditions
showing a significant increase in 1-year survival (differ-
ence in l-year survival: 16.4%, 95% CI 10.4% to 22.7%).
Notably, for subjects in the 95+ age group, post-COVID-19
GOPC visit improved the survival in 1 year by 21.8%,
compared with the non-GOPC group (95% CI 13.9% to
29.6%). For older adults with multimorbidity who were
not fully vaccinated, the 1-year survival was significantly
increased by GOPC visit within 30 days after survival from
acute COVID-19 (difference in l-year survival: 13.5%,
95% C19.8% to 17.1%).

Results of secondary outcomes are shown in online
supplemental eFigure 3. In addition to all-cause mortality,
we also observed a significant increase in the Il-year
survival from respiratory mortality in the GOPC group
(difference in l-year survival: 6.3%, 95% CI: 3.5% to
8.9%). However, there was no significant difference
between the two groups in the two outcomes of cardio-
vascular death (difference in 1l-year survival: 0.6%, 95%
CI -0.9% to 2%) and cancer death (difference in 1l-year
survival: 1.1%, 95% CI -0.3% to 2.6%).

Sensitivity analyses results

First, we analysed the effect of different grace period
durations on mortality, as presented in figure 4. The
results showed that when COVID-19 older survivors with

multimorbidity visited GOPCs within 20-120 days after
hospitalisation, there was a significant improvement
of 9.0% or above in l-year survival, suggesting that our
findings were consistent across a range of reasonable
follow-up windows. From this analysis, we observed that
the earlier the GOPC attendance within 20-60 days after
the COVID-19 discharge, the more likely the older people
would survive in 1 year.

Second, no notable deviations from the main findings
were observed in the sensitivity analyses using pooled
logistics regression to calculate OR. Older people of the
GOPC group were shown to have a significantly lower
mortality than those of non-GOPC group (OR: 0.65, 95%
CI 0.55 to 0.73). No significant difference of cardiovas-
cular and cancer death was estimated between the GOPC
group and non-GOPC group. These results supported
the robustness of our findings across different statistical
methods for estimating survival rates.

Third, there are a higher survival in 1 year after
discharge in GOPC group among pre-COVID-19 regular
GOPC attendees (difference in l-year survival: 11.2%,
95% CI 7.9% to 14.7%), as presented in online supple-
mental eFigure 4.

Finally, as shown in table 2, the results of sensitivity
analyses by leave-one-out approach indicated the main
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Figure 2 Comparison of 1year survival curve between the original cohort and the weighted emulated cohort. GOPC, general

out-patient clinics.

findings were consistent across different operationali-
sations of multimorbidity, which demonstrated that our
results were not dependent on any single chronic disease
and different definition of multimorbidity.

DISCUSSION

Using the target trial emulation framework, we observed
that attending GOPC within 30 days after discharge from
a COVID-19 episode is associated with a better survival in
1 year among older adults with multimorbidity. Moreover,
the results of our sensitivity analysis demonstrate that
the sooner the visit to the GOPC within 20-60 days after
discharge, the more likely the patient survives within the

Deaths per 100 person-years

Subgroup GOPC group Non-GOPC group Difference in one-year survival (95% confident interval)
Overall - 171 42.8 11.2 (8.1, 14.4)
Age
85 -89 - 16.1 34.7 10.1 (7, 14.9)
90 -94 L B 20.7 442 8.9 (3.1, 14.4)
95 or above f i 20.0 70.2 21.8 (13.9, 29.6)
Sex
Female v 12.8 41.0 13.3(9.4,17.2)
Male A 245 47.6 9.6 (5, 14.7)
Number of baseline chronic diseases
2 . S 13.9 36.3 9(3.3,13.7)
3 . E— 220 43.6 9.3(3.7,15.1)
4 | 10.9 442 16.4 (10.4, 22.7)
>=5 = 28.0 56.1 13.5 (4.4, 23.1)
COVID-19 vaccination status
Not fully vaccinated k - 19.0 47.6 13.5(9.8,17.1)
Fully vaccinated * = | 13.8 28.1 2.6 (4.6, 9.5)
r T T T T T T 1
-10 -5 0 5 10 15 20 25 30

Difference in one-year survival (%)

*Being fully vaccinated for COVID-19 entails the receipt of the recommended number of doses, typically two or more, of COVID-19 vaccines.

Figure 3 Forest plot of main analysis and subgroup analysis. GOPC, general out-patient clinics.
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Length of grace period (days)

Deaths per 100 person-years
GOPC group Non-GOPC group  Difference of one-year survival (95% confident interval)

233 414 8(3.1,13)
18.0 428 12.9 (9.4, 16.3)
17.1 4238 11.2 (8.1, 14.4)
17.9 443 9.7 (5.7, 13.8)
16.8 454 9(5.5,12.2)

15.1 459 10.6 (7.8, 13.4)
129 415 10.5 (7.5, 13.6)

10 ]
20 E—
30 =
40 ——
60 \ ]
90 .
120 [
: ‘ T ‘ T

5 [ 20

5 10 15
Difference of one-year survival (%)

1
25

Figure 4 Differences in 1-year survival for grace period from 10 to 120 days. GOPC, general out-patient clinics.

observation period. This range of grace period was iden-
tified as optimal because it balanced the need for timely
follow-up with the practical considerations of scheduling
and patient recovery.” *® The findings are robust across
various subgroups and different operationalisations of
multimorbidity. Subgroup analysis showed that the bene-
fits of timely follow-up care were widely applicable to
patients with different characteristics, especially high-risk
groups with characteristics such as having four or more
baseline chronic diseases, being over 95 years old or not
fully vaccinated. For regular GOPC attendees before the
pandemics, resuming to visit GOPC for health manage-
ment shortly after discharge from the COVID-19 hospi-
talisation significantly improves the survival in 1 year. Our
findings provide novel real-world evidence that a primary
care consultation shortly after a COVID-19 episode might
increase the survival in Chinese older people aged 85
years or above.

The majority of preceding studies have primarily
focused on investigating the effect of specialised rehabil-
itation interventions of particular post-COVID-19 symp-
toms on COVID-19 patients.?” For example, Lesley et al
conducted a literature review indicating that pulmonary
rehabilitation intervention can alleviate post-COVID-19
symptoms among elder people over 60 years old.*® Most of
these studies are case reports or clinical randomised trials
with a limited sample size of less than 100 participants.
Furthermore, the outcomes they explored were mainly
the relief of post-COVID-19 symptoms, and there was a
lack of observation of long-term, more severe outcomes.
Additionally, previous investigations have predominantly
concentrated on assessing the effectiveness of specific
rehabilitation interventions, most of which are not
commonly practised in primary care settings. Our study,
in contrast, is the first territory-wide evaluation of real-
world primary care on severe outcome, that is, mortality,
among older people who are most at risk after discharge
from COVID-19. Adapting the target trial emulation

design, we have mitigated the issue of immortal time bias
that frequently arises in this type of real-world research
and have accounted for a wide range of covariates, consid-
ering the multimorbidity of the elderly population.

In spite of the clear strengths of this study, there are
several limitations to note while interpreting the results.
First, indication bias has been reduced using the clone-
censor-weight approach but has not been entirely elimi-
nated. There is a possibility that individuals who were able
to access GOPC services were inherently characterised by
a better overall health status and a better health aware-
ness. However, our sensitivity analysis, which focused
exclusively on individual who had records of regular
GOPC visits before COVID-19 pandemic, yielded highly
comparable results. Second, the presence of unobserved
confounders poses another limitation. Factors such as
disease severity, lifestyle choices, disability status, socio-
economic circumstances and the accessibility of care in
different locations may affect the outcomes. Also, it is
worth mentioning that while those who are older and
more multimorbid prefer to visit the public sector for
primary care,” the attendance of patients in the private
sector could introduce confounding factors that were
not accounted for in this study. Our study population
predominantly represents older adults using the Hong
Kong public healthcare system, which acts as a safety net
for uninsured or financially disadvantaged individuals.
Despite this, many people with chronic conditions stay
in the public system due to its affordability and high-
quality services.” Thus, our cohort is socioeconomically
diverse and representative of the general older popula-
tion in Hong Kong. Moreover, while our study predom-
inantly focused on a Chinese population, the principles
of primary care management and the benefits of timely
follow-up visits are universally applicable. However, health-
care systems, cultural contexts and patient behaviours
vary significantly across different regions. For example,
the centralised and publicly funded healthcare system in
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Table 2 Difference in 1-year survival between GOPC group and non-GOPC group in the sensitivity analysis using leave-one-

out method

Chronic disease left out Difference in 1-year survival (%) 95% CI
Hypertension 11.7 (7.8 to 15.7)
Diabetes 11.8 (8.1 to 15.1)
Chronic kidney disease 111 (7.6 to 14.3)
Chronic pain 11.3 (7.9 to 14.7)
Chronic heart failure 111 (7.8 to 14.4)
Atrial fibrillation 111 (7.6 to 14.5)
Severe constipation 11.3 (7.7 to 14.6)
Stroke or transient ischaemic attack 111 (7.6 to 14.5)
Dementia 115 (8.1 to 14.5)
Chronic pulmonary disease 11.2 (7.6 to 14.8)
Myocardial infarction 11.0 (7.4 to 14.4)
Depression 11.3 (7.9 to 14.6)
Hypothyroidism 111 (7.6 to 14.4)
Asthma 11.3 (7.8 to 14.6)
Cancer, non-metastatic (breast, cervical, colorectal, lung, prostate) 11.5 (8.0to 14.6)
Peptic ulcer disease 114 (7.9to0 14.8)
Parkinson’s disease 1.1 (7.7 t0 14.3)
Epilepsy 114 (8.2 to 14.5)
Cancer, metastatic 11.3 (7.7 to 14.7)
Cirrhosis 11.2 (7.9 to 14.6)
Rheumatoid arthritis 11.3 (7.8 to 14.6)
Peripheral vascular disease 11.2 (7.6 to 14.3)
Schizophrenia 11.3 (7.9 to 14.5)
Chronic viral hepatitis B 11.2 (7.8 to 14.4)
Cancer, lymphoma 11.2 (7.9 to 14.3)
Psoriasis 11.3 (7.8 to 14.6)
Alcohol misuse 11.3 (7.8 to 14.5)
Irritable bowel syndrome 11.2 (8.1to 14.4)
Inflammatory bowel disease 11.2 (8.1to 14.4)
Multiple sclerosis 11.2 (7.7 to 14.7)

GOPC, general out-patient clinics.

Hong Kong ensures relatively uniform access to primary
care services like GOPCs. In contrast, countries with less
integrated healthcare systems might experience different
outcomes due to disparities in access to care.?! Therefore,
caution should be exercised when generalising the results
to other populations. To enhance the external validity of
the findings, it is necessary to conduct further replica-
tions of similar analyses in other populations and settings.

Consistent with previous research, we observed a signif-
icant association between receiving follow-up care at the
primary care level shortly after respiratory infection hospi-
talisation and improved health outcomes.” This asso-
ciation can plausibly be attributed to several important
pathways. First, timely primary care follow-up facilitates
the monitoring and management of symptoms after

respiratory infection hospitalisation, leading to symp-
toms alleviation and reducing the risk of further develop-
ment of complications.s?’ Second, early identification of
potential problems allows healthcare providers to address
any emerging conditions promptly, preventing serious
adverse events and promoting optimal recovery.** ¥
Third, according to the National Institute for Health and
Care Excellence (NICE) guideline, general practice
assesses patients’ baseline multimorbidity during their
first follow-up visit and then develops patient-centred,
multidisciplinary rehabilitation support.36 For example,
respiratory rehabilitation therapy is recommended for
patients with previous neurological and muscular comor-
bidity.”” Finally, the enhancement of self:management
specific to the current diseases or symptoms through
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primary care follow-up empowers patients to actively
participate in their own healthcare and achieve improved
outcomes.™

According to our findings, the current evidence is
in favour of recommendations that healthcare systems
implement timely primary care follow-up mechanisms
specifically for older individuals following a COVID-19
hospitalisation. This targeted approach aims to reduce
the risk of death in this most vulnerable population. One
potential strategy is to develop protocols for healthcare
providers involved in the care of patients with COVID-19
to ensure that primary care services/follow-up care is
provided within a specified time interval after discharge.
By prioritising and facilitating primary care follow-up,
healthcare systems can effectively support the recovery
and well-being of older adults with multimorbidity, and
likely extend the life expectancy despite having experi-
enced a severe episode of COVID-19.

Additionally, it is crucial to extend primary care
services to support older people in the community as
far as possible. Expanding primary care in community
settings allows for a patient-centred approach to health-
care delivery. For example, implementing various forms
of home care to ensure accessibility and convenience of
older patients,"” which can enhance the continuity of
healthcare and facilitate early intervention should any
health problem arise.

In conclusion, our study demonstrated that receiving
follow-up care at the primary care level shortly after
COVID-19 hospitalisation significantly improve survival
and achieve better health outcome. Future research
should focus on assessing the effectiveness of expanding
the primary care services to support community-based
older populations.
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