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ABSTRACT

This study investigated the effects of the COVID-19 pandemic on cardiovascular
disease (CVD) incidence among hypertensive patients without SARS-CoV-2 infection
by changes in CVD incidence, all-cause mortality, blood pressure (BP) control, and
healthcare utilization rates among this population from Hong Kong. Individuals
diagnosed with hypertension from January 2010 to January 2020 were followed up until
death, SARS-CoV infection, or April 2022. Interrupted time series analyses on
1,318,907 patients with hypertension, comparing outcomes across four periods: pre-
pandemic (January 2012-January 2020), early pandemic (February 2020-February
2021), interwave (March-December 2021), and Omicron outbreak (January-April
2022). A significant increase in out-of-hospital mortality was found when the early
pandemic started. Overall all-cause mortality increased progressively during the
interwave period. CVD incidence decreased immediately in the early pandemic period,
followed by a progressive increase, and surpassed the pre-pandemic level at the
beginning of the interwave period. The proportion of patients with office-measured BP
<140/90 mmHg remained below pre-pandemic levels across the pandemic periods.
Healthcare utilization declined immediately in February 2020, while most utilization
rebounded to the pre-pandemic level after March 2021 and declined again during the
Omicron outbreak. Healthcare disruptions during the early pandemic likely delayed
CVD diagnosis and treatment, driving an immediate rise in out-of-hospital mortality.
When healthcare services gradually recovered in the interwave period, CVD incidence
rebounded and both in and out-of-hospital all-cause mortality increased with a lag,

possibly related to delayed treatment. (229 words)
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic had a significant effect on the
health and healthcare use of patients with hypertension [1,2]. While the direct effects
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection on
hypertension have been well-studied [3,4], its indirect effects, which may have arisen
from disrupted health service delivery and an unwillingness to seek care due to concerns
of being infected, are not fully understood. Patients with hypertension rely on regular
medical consultations for disease monitoring and management [5,6], therefore, the
disruption to routine follow-up visits during the pandemic may have contributed to
unmet care needs and suboptimal hypertension control and management among this
population, contributing to elevated risk of cardiovascular disease (CVD) and mortality.
Previous studies reported an increased all-cause or CVD mortality risk among patients
with hypertension after the pandemic started [7-10], however, these studies mainly
focused on the short-term influence of the first COVID-19 wave, without showing the
mid- and long-term effects. Moreover, although Hong Kong modeled China’s ‘zero-
COVID’ policy until 2023, its policies were more flexible and less strict, for example,
the Hong Kong government-enforced mandatory testing to close contact groups without
broad lockdowns [11-13]; by timely adjusting its policy according to the community
transmission rate, the government successfully controlled four waves in 2020 and
maintained a low infection-level in 2021. The flat and stable pandemic curve enables
us to explore whether there was a rebound in healthcare utilization and any delayed
trends of CVD and mortality over time. Therefore, to learn a lesson from the pandemic,
we aim to investigate the indirect effect of the pandemic on hypertensive population
without SARS-CoV-2 infection in Hong Kong by the changes in all-cause mortality,

CVD incidence, blood pressure (BP) control, and healthcare service utilization after the



pandemic started, comparing to its historical trend using interrupted time series analysis
(ITSA) on population-based and longitudinal data, hoping to improve preparedness in

clinical management for future public health emergencies.

Materials and methods

Data Source

We collected longitudinal electronic medical data from the Hong Kong Hospital
Authority Clinical Management System (HKHA CMS), which was linked to the Hong
Kong Death Registry, between 1st January 2010, and 30th April 2022. HKHA is
government-run statutory body that provides public healthcare services across 7
geographical clusters in Hong Kong [14]. All clusters follow standardized clinical
protocols and practices, share a unified electronic health record system (CMS), and
implement consistent quality assurance programs. Moreover, HKHA CMS covers
approximately 90% of inpatient services and hospital admissions, 50% of specialist
outpatient clinics (SOPC) visits, and 30% of first-contact outpatient services [15-17].
Such a centralized nature and territory-wide coverage of HKHA may minimize
potential center-specific variations and loss to follow-up among those who utilize
public health services and the data has demonstrated a high accuracy [16,17]. Data on
demographics, diagnosis records, laboratory, and physical examinations, treatment
details, death information, and healthcare utilization, including primary care clinics,
SOPCs, hospital admissions, and Accident & Emergency department (A&E) visits were

aggregated at an individual-monthly level.

Study Population



We included patients with a documented diagnosis of hypertension from January 2010
to January 2020, who were identified using the International Classification of Primary
Care, Second Edition (ICPC-2) and the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) (Supplementary Table 1). The index
date was defined as the first date of hypertension documentation. The baseline date was
defined as the date starting observation for outcomes of interest. We applied a 6-month
washout period to exclude patients who died or had health outcomes of interest within
6 months after the baseline date to avoid confounders introduced by patients who died
shortly after the baseline date [18]. Longitudinal data on eligible patients would be
retrieved until 1) the month before documented SARS-CoV-2 infection, 2) the death

date, or 3) 30 April 2022, the end of the study period, whichever came first.

Outcome Measures

The primary outcomes were monthly incidence rates of all-cause mortality and CVD.
As the HKHA mandated that all patients undergo SARS-CoV-2 testing (either
polymerase chain reaction tests or rapid antigen tests) before and during hospital
admission until December 2022 [19], the in-hospital records of all-cause mortality, and
CVD incidence which was mainly diagnosed in hospitals, were believed to be
minimally affected by undiagnosed infected cases. Deaths that occurred during
hospitalization in hospitals managed by HKHA were defined as in-hospital mortality
and others were out-of-hospital deaths [20]. CVD incidence was defined as the first
occurrence of coronary heart disease (CHD), stroke, or heart failure (HF) documented
in the HKHA CMS. Detailed definitions are shown in Supplementary Table 1. The
secondary outcomes were healthcare utilization rates, including primary care clinics,

SOPCs, hospital admissions, A&E attendance, and prescription rate of anti-



hypertensive agents along with its mean length of dispensing duration (days), monthly
proportion (%) of patients who achieved systolic blood pressure (SBP)<140mmHg and
diastolic blood pressure (DBP)<90mmHg for patients with recorded office measured
blood pressure [21], among all patients with office-measured BP records in each
specific month. All rates, mean length of dispensing duration, and proportions of
patients achieved above BP control targets were sex- and age-standardized to the patient
group in 2019 [17] to account for different sex and age distributions across follow-up

years.

Statistical Analysis

In the ITSA, we applied segmented quasi-Poisson regression models [22,23] with
seasonality adjustment using harmonic terms (sines and cosines with 3-, 6- and 12-
month periods) as rates were overdispersal (Supplementary Table 6). The first
breakpoint was designated as February 2020, given that the first confirmed case of
COVID-19 was on 23™ January 2020, and Hong Kong has started to implement
stringent control measures [12]. The second breakpoint was set as March 2021, when
the fourth wave of COVID-19 ended and infection levels in Hong Kong were relatively
low until the Omicron outbreak [24,25]. The third breakpoint was set as January 2022,
when Omicron variants started to spread through the community [26] and began the
most significant wave in Hong Kong [27,28] (Supplementary Figure 1). Therefore,
the overall observation period was divided into four subperiods: ‘pre-pandemic period’
(months 1-97, January 2012-January 2020), ‘early pandemic period’ (months 98-110,
February 2020-February 2021, covering the 1%t wave through the 4% wave), ‘interwave
period’ (months 111-120, March 2021-December 2021), and ‘Omicron outbreak period’

(months 121-124, January 2022-April 2022, covering the peak of the 5™ wave). We



introduced step (level) and slope (trend) variables as regressors in the model to estimate
immediate changes and progressive changes in the monthly outcomes rates at three
breakpoints, compared with the pre-pandemic situation (Supplementary Methods
equation 1). Moreover, we employed Newey-West standard error [29] to adjust for
potential autocorrelation and heteroskedasticity of the residuals. The presence of
autocorrelation was confirmed using the Breusch-Godfrey test and the maximum
significant lag orders were defined by partial autocorrelation function, while
heteroskedasticity was detected using the Breusch-Pagan test. The association between
anti-hypertensive prescription rate and dispensing duration, %patients achieved
SBP/DBP <140/90mHg, all-cause mortality and CVD incidence was further estimated
by using the similar multivariable quasi-Poisson model as the ITSA but adjusted

healthcare utilization rates (Supplementary Methods equation 2).

Subgroup analyses were conducted based on sex (male and female), three age groups
within each year (20-44, 45-64, >65), and age-adjusted Charlson Comorbidity Index
(ACCI) within each year (ACCI: 0-2, 3-4, >5) [30,31] (Supplementary Table 3). To
enhance the robustness of the findings, sensitivity analyses on different washout periods,
seasonality, and model type were performed with 1) 0 and 12-month washout periods
for health outcomes; 2) 6- and 12-month period seasonality adjustment, and 3)
generalized linear models with log-transformed rates and adjusting 3-, 6- and 12-month

period seasonality.

The significance level was set at p<0.05, and a 95% confidence interval (CI) was

calculated. All analyses were performed using R 4.3.1 (R Core Team, Vienna, Austria)



Results

Description of the study population

A total of 1,318,907 patients diagnosed with hypertension from January 2010 to January
2020 were included in this study; 628,578 (47.7%) of them were male. A total of
310,726 (23.6%) patients died during the study period without a washout period, and
75,719 (5.7%) patients were infected with SARS-CoV-2. Patient characteristics are

presented in Table 1.

All-Cause Mortality and CVD Incidence

Figure 1 shows all-cause mortality rates and CVD incidence changes due to the
pandemic. Compared with the pre-pandemic level, we found that the all-cause mortality
rate did not change significantly during the early pandemic period and at the beginning
of the interwave period, but with a progressive increase of 1.3% (95% CI: 0.7% to 1.8%)
per month afterward; however, the out-of-hospital mortality increased significantly
when the early pandemic started (immediate impact 22.0%, 95%CI: 6.9% to 39.1%,
Table 2). There was a significant drop in CVD incidence at the beginning of the early
pandemic period (immediate impact, -15.8%, 95% CI: -26.0% to -4.3%), followed by
a significant increase trend (progressive impact, 2.2%, 95% CI: 0.8% to 3.5%) during
this period. At the start of the interwave period, the CVD incidence rate was 17.9%
(immediate impact, 95%CI: 9.0% to 27.6%) higher than the pre-pandemic period and

maintained a higher level (Table 2 and Figure 1).

Similar changes were found in the incidence of all subtypes of CVD during the early

pandemic period, but only CHD and stroke rebounded significantly when the interwave
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period started (Supplementary Figure 2 and Supplementary Table 7). The observed
stroke incidence in females, those aged >45 years, and those with ACCI>3
(Supplementary Figures 4-6) exceeded the predicted incidence significantly in March
2021. Most results of sensitivity analyses with different seasonality and linear model
were similar to the main analyses, however, without applying a washout period we
found that the rebound of CVD incidence in March 2021 was not significant especially

stroke (Supplementary Tables 8, 9,10 & 12).

Healthcare Utilization

As Table 3 and Figure 2 present, when the first COVID-19 wave began, all healthcare
service utilization rates declined immediately, including SOPC visits (-17.4%, 95%CI:
-23.4% to -10.8%), primary care clinics visits (-6.7%, 95%CI: -10.3% to -3.0%),
hospital admissions (-23.5%, 95%CI: -30.5% to -15.8%) and A&E visits (-28.8%,
95%CI: -37.5% to -18.9%). Rates of SOPC visits, primary care clinic visits, and
hospital admissions recovered gradually afterward and returned to the pre-pandemic
level in March 2021, while A&E visits were at significantly lower levels (-11.3%,
95%CI: -14.6% to -7.8%). During the Omicron outbreak period, all healthcare service
utilization had a significantly decreasing trend. Sensitivity analyses found similar

results (Supplementary Tables 11 & 13).

Blood Pressure Control and Prescription
The proportion of people with office-measured BP <140/90 mmHg was continuously
lower than the pre-pandemic level after the first wave of the COVID-19 pandemic

(Supplementary Tables 7 & Supplementary Figure 3).
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In terms of anti-hypertensive agents, the decline in the prescription rate (immediate
impact, -5.3%, 95%CI: -10.6% to -0.1%) was accompanied by an increased dispensing
duration (immediate impact, 4.9%, 95%CI: 1.2% to 8.7%) right after the first wave.
The dispensing duration increased spontaneously when the prescription rate
progressively dropped during the Omicron outbreak period (Supplementary Table 7).
The results of sensitivity analyses were consistent with the primary analyses

(Supplementary Tables 10-13).

The Association of Prescription with Blood Pressure Control, CVD Incidence, and
All-Cause Mortality

As shown in Table 4, prescription rate (relative risk, RR: 1.000, 95%CI: 1.000 to 1.000,
2<0.001) and mean length of dispensing duration of anti-hypertensive agents (RR:
1.010, 95%CI: 1.009 to 1.011) were significantly associated with %patients achieved
SBP/DBP<140/90 mmHg; higher proportion was associated with lower CVD incidence
(RR: 0.181, 95%CI: 0.153 to 0.214), and lower all-cause mortality (RR: 0.402, 95%CI:
0.328 to 0.494) after adjusting temporal trend, seasonality, healthcare utilization rates

and periods.

Discussion

To our knowledge, this is the first study presenting the change in CVD incidences
among uninfected patients with hypertension before and after the COVID-19 pandemic.
Using over 10 years of population-based data, we found CVD incidence had an
immediate drop when the pandemic began while the out-of-hospital mortality increased.
An excessive rebound in March 2021 was also found in CVD incidence, along with an

increasing trend in all-cause mortality rate. These changes indicated delayed diagnosis

12



and treatment of CVD, which was possibly linked to the decline in healthcare service
utilization in the early pandemic period and suboptimal BP control throughout the

pandemic, and subsequently raised the mortality risk.

We observed the incidence of CVD and its subtypes declined right after the first
COVID-19 wave but rebounded and surpassed the pre-pandemic level during the
interwave period. Given that the trend in CVD incidence between 2012 and 2019 was
stable and a drastic fluctuation in the CVD incidence is biologically implausible among
patients with hypertension, indicating that patients who should have been diagnosed
with CVD in 2020 ‘caught up’ with diagnoses in 2021. Delayed diagnosis and
management of CVD were associated with more extended hospital stays, poorer
prognosis, and higher risk of mortality [32]. Notably, we found the incidence of acute
and fatal CVD event, AMI, was lower than the pre-pandemic level right after the initial
and the Omicron outbreak along with a significantly increased out-of-hospital mortality
spontaneously, raising a concern that the potential cases died at home without receiving

diagnoses or care [33].

Our study showed no significant change in mortality rates in the early pandemic period,
which differed from prior studies suggesting that cardiovascular and all-cause mortality
increased by 12.9% [8] and 17.1% to 48.3% [7,34] in 2020 compared with the pre-
pandemic period among patients with hypertension, respectively. Such differences
could be attributed to different disease control policies and medical care-seeking
behaviors between Hong Kong and other countries. Compared to these studies which
were at most one-year follow-up, our study had a longer-term follow-up period after

2020, enabling us to observe the lagged effects on mortality. We found an upward trend
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of mortality during the interwave period followed the rebound of the CVD incidence,
which is probably related to delayed treatment of delayed diagnosed CVD and other
diseases, even though healthcare services gradually restored and diagnosis ‘catch-up’
during the interwave period, delayed CVD treatment increases the mortality risk.
Studies with more extended observation are needed to monitor the change in the
mortality rates after the Omicron outbreak, which was the most significant wave and

caused massive disruption in healthcare services in Hong Kong.

When the first COVID-19 case was confirmed in January 2020 (Supplementary
Figure 1), the Hong Kong government declared an ‘emergency’ level. The fear of
infection, hospital and clinic shutdown, and stringent medical manpower have
discouraged people with underlying CVD from seeking medical care, leading to
significant immediate drops in all healthcare service utilization, as observed in our
study. The present findings in changes in CVD incidence rates and deterioration in
blood pressure control might result from the changes in healthcare-seeking behaviors
and healthcare resources provision in patients with hypertension, similar to another
study from Hong Kong [20]. A previous study in the United States has similar findings
among the general population that visits A&E have declined by 23% for myocardial
infarction and 20% for stroke during the national emergency period [35]. Moreover,
due to the reallocation of healthcare resources to emergency COVID-19 care [36],
SOPCs and primary care services have been reduced in Hong Kong, contributing to
disrupted routine medical consultations and health checks. Consequently,
asymptomatic patients with CVD could not be identified and diagnosed [37]. Therefore,
to reduce treatment delay in future public health crises, it is crucial to maintain

necessary outpatient services to ensure regular follow-up and health checks and access
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to A&E and hospitalization services, where patients with CVD-related symptoms get

evaluated and treated.

Due to the disrupted routine medical care and other pandemic effects [38], there are
concerns about suboptimal BP management among patients with hypertension during
the pandemic. Most of the current evidence suggested a worse BP control during the
early phase of the pandemic [39-41], whereas some studies reported no negative impact
of the outbreak on BP control [42,43]. Our study found the proportion of patients with
BP targeted to <140/90 mmHg after the first wave was lower than the pre-pandemic
level, which was the independent contributor to the CVD incidence and all-cause
mortality rate in 2021, similar to the previous report [44]. The increased dispensing
duration of anti-hypertensive agents reflected the physicians’ efforts to maintain
treatment adherence when in-person care was disrupted during the first and the Omicron
outbreak, but such efforts might be not sufficient. Monitoring BP and evaluating CVD
risk through telemedicine [45,46] can help maintain adherence and timely adjust

regimens during in-person care disruption.

Perspective of Asia

Asian countries, particularly in urban areas like Hong Kong, implemented longer
periods of strict policies, including healthcare disruptions and broad lockdowns [47], to
manage the COVID-19 pandemic compared to Western countries. Consequently, the
indirect effects of the pandemic on CVD incidence and blood pressure control among
patients with hypertension and without SARS-CoV-2 infection may differ, and the

strength of these effects may also vary. Further research is needed to confirm the long-
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term indirect effects of the COVID-19 pandemic, as well as its impact on other countries,

especially in rural areas.

Strengths and Limitations

This study had several strengths: first, using population-based data from more than 1.3
million people, we have reported for the first time the in-depth indirect pandemic impact
on CVD incidence among patients with hypertension who had never been infected with
SARS-CoV-2, providing information for future public health emergency in terms of
medical services maintenance and allocation. Second, Hong Kong implemented a
mandatory and active case-detection policy and maintained a low infection level
(Supplementary Figure 1) until the start of the Omicron outbreak period, and the
compulsory tests for infection before and during hospital admissions [19], making the
SARS-CoV-2 infection records we retrieved reliable and representative. Lastly,
Newey-West standard errors and sensitivity analyses could enhance the robustness of
our findings, even though there were some results varied from different washout periods,
their confidence intervals largely overlapped, suggesting effect sizes are stable between
the main analyses and the sensitivity ones; moreover, as our study based on monthly
data, it is difficult to detect which one came first, baseline or the index date. Therefore,
applying no washout period may overestimate the incidence rates, contributing to the
remarkable difference between sensitivity analysis without a washout period and the

main one with a 6-month washout period.

This study also has some limitations. We did not include the data from private hospitals.
Due to the reallocation of public healthcare services to COVID-19 cases, patients might

seek medical care from private hospitals, probably resulting in an underestimated CVD
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incidence and in-hospital mortality. However, the public sector serves over 90% of the
people with chronic diseases in Hong Kong with considerable governmental subsidies
[48,49]. In the territory-wide Hong Kong Population Health Survey 2020-22, there was
only 9.9% of patients with hypertension visited private clinics or hospitals for follow-
up care [50]. The HKHA database is believed to be population representative. Secondly,
we did not reveal the recovery pattern later in the Omicron epidemic period. But we
can presume a similar finding as in 2021. Future study with longer follow-up duration

is needed to reveal the long-term impact of the pandemic.

Conclusion

In conclusion, healthcare disruptions during the early pandemic likely delayed CVD
diagnosis and treatment, driving an immediate rise in out-of-hospital mortality. As
healthcare services gradually recovered in the inter-wave period, CVD incidence
rebounded, and all-cause mortality increased with a lag, possibly related to ‘catch-up’
in diagnosis and delayed treatment, respectively. A similar trend in adverse effects was
observed during the Omicron period, though the full lag effect remains unclear. These
findings highlight the need for contingency plans to maintain routine healthcare

services for patients with hypertension in future public health crises.
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Point of view

e Clinical relevance

As healthcare services gradually recovered during the interwave period, CVD
incidence rebounded, and both in- and out-of-hospital all-cause mortality increased
with a lag, potentially related to delayed treatment among patients with hypertension

who did not have SARS-CoV-2 infection.

e Future direction

Further research is essential to confirm the long-term indirect effects of the COVID-

19 pandemic and to assess its impact in other countries, particularly in rural areas.

e (Consideration for the Asian population

Asian countries, particularly in urban areas like Hong Kong, implemented longer
periods of strict policies, including healthcare disruptions and broad lockdowns, to
manage the COVID-19 pandemic compared to Western countries, which may have
led to differing indirect effects on cardiovascular disease incidence and blood
pressure control among patients with hypertension who did not have SARS-CoV-2

infection, along with variations in the strength of these effects.
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Figure legends

Figure 1  Association of (1) the initial COVID-19 outbreak, (2) the interwave period,
and (3) the ‘Omicron outbreak’ with the monthly age- and sex-standardized incidence
rates for all-cause mortality and CVD among patients with hypertension in Hong Kong,

January 2012 to April 2022

Note: The grey solid line shows observed data. The blue solid line shows the model estimates based on
observed data, and the orange solid line shows the predicted values based on pre-pandemic data using
the quasi-Poisson regression. Red and blue shaded areas represent 95%CI. Lag(all-cause mortality)=0,

lag(CVD)=2.

Figure 2 Association of (1) the initial COVID-19 outbreak, (2) the interwave
period, and (3) the ‘Omicron outbreak’ with the monthly age- and sex-standardized
rates for healthcare utilization among patients with hypertension in Hong Kong,

January 2012 to April 2022

Note: The grey solid line shows observed data. The blue solid line shows the model estimates based on
observed data, and the orange solid line shows the predicted values based on pre-pandemic data using
the quasi-Poisson regression. Red and blue shaded areas represent 95%CI. SOPC: specialist outpatient
clinics. A&E: Accident and Emergency Department. Lag(primary care)=2, lag(SOPC) =2, lag(hospital

admission)=0, lag(A&E)=0.
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