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Abstract: Towards the WHO goal for hepatitis elimination, understanding the prevalence and management of hepatitis
B and C viruses (HBV, HCV) among drug abusers is crucial. However, in Japan, where drug abuse is less prevalent
than in other countries, there is a dearth of epidemiological studies on this topic. This study aimed to fill this gap by
investigating virus prevalence and the testing and treatment landscape for drug abusers in Japan. We conducted a
cross-sectional sero-epidemiological study at a psychiatric hospital in Hiroshima where approaching drug abusers was
feasible. Blood samples and questionnaire on HBV/HCYV testing and treatment were collected from drug abusers (n =
35, 85.7% male, mean age 55.4 years) and control group (n =45, 71.1%, 48.2 years). Prevalence of HCV-Ab and HCV
RNA in drug abusers was 60.0% (95% CI: 43.8-76.2%) and 28.6% (13.6-43.5%), respectively, which was significantly
higher than in the control group (2.2%, 0.0%, respectively). All HCV-Ab positive drug abusers had undergone prior
hepatitis virus testing, but only 42.9% of those eligible for HCV treatment were connected to it. For HBV, while
prevalence of HBsAg was similar between groups (2.9% vs. 2.2%), prevalence of HBc-Ab was higher in drug abusers
(34.3% vs. 17.8%), indicating a greater likelihood of exposure to HBV infection. In conclusion, HCV prevalence
among drug abusers in psychiatric care is notably high. Although testing is accessible, a recognized challenge is the
insufficient connection to treatment. Enhancing collaboration between psychiatric hospitals and hepatologists is crucial.
Disregarding this issue is not an option for hepatitis elimination.

Keywords: HBV, HCV, sero-epidemiology, drug abusers, micro-elimination, Japan

Introduction program targeting residents aged 40 years and over
for HBV and HCV. Furthermore, since 2007, regional
Data from the World Health Organization (WHO) core hospitals for the treatment of liver diseases have

indicate that as of 2019, there were 296 million people been established in every prefecture. This network
globally living with chronic hepatitis B virus (HBV) aims to enhance the capacity for managing liver-related
infection and 58 million with chronic hepatitis C virus conditions across the country. Additionally, since 2008,
(HCV) infection, with 1.5 million new infections each a medical expense subsidy system has been in operation
year. HBV and HCV infections can lead to liver cirrhosis to support the antiviral treatment of individuals infected
and hepatocellular carcinoma, resulting in over 820,000 with HBV or HCV. The Basic Act on Hepatitis Measures
deaths for HBV and 290,000 deaths for HCV (/,2). was enacted in 2009, providing a legal framework for

In Japan, various initiatives have been implemented both the national government and local authorities to
for the prevention and management of HBV and HCV implement countermeasures based on this legislation.
infections (3,4). These include the screening system As a result of these measures, the number of individuals
for blood donors for HBV and HCV, with hepatitis B with sustained infections of HBV and HCV decreased
surface antigen (HbsAg) screening in place since 1972 from a range of 3.01 to 3.66 million people in the year
and HCV antibody (HCV-ADb) screening since 1989. 2000 to a range of 1.91 to 2.49 million people in 2015
Additionally, a national project has been established (5). In Japan, the prevalence of HBsAg and HCV-Ab is
since 1986 to prevent mother-to-child transmission of controlled at 0.37% and 0.28%, respectively, indicating
HBYV. Since 2002, there has been a nationwide screening a globally low level of infection (3,6).

(M
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WHO has established assessment criteria related
to incidence, mortality, and health service coverage
associated with prevention and treatment for the goal
of eliminating Viral Hepatitis by 2030. For HBV, as
there is currently no curative treatment to eliminate
the virus, achieving the goal by 2030 is anticipated to
be challenging in all countries, including Japan and
worldwide (7). Regarding HCV, it is anticipated that
Japan will achieve elimination by 2030 (7). However,
to achieve this target, special attention should be given
to the detection and effective treatment of high-risk
populations such as drug abusers, including people who
inject drugs (PWID), people living with HIV (PLHIV),
prisoners and the homeless (§).

As for PWID, approximately 15.6 million PWIDs
worldwide are between 15 and 64 years of age (9), and
more than half of them (52.3%) are HCV-Ab positive
and 9.0% are HBs-Ag positive, according to a previous
systematic review (9). In the United States, 2.6% of
adults report a history of injection drug use, with over
50% testing positive for HCV-Ab (/0). In most countries,
the risk of HCV infection among PWID is a major
concern due to insufficient awareness and widespread
unsafe injection practices (/7).

Compared to the global situation, Japan has a
significantly lower number of PWID. For example, while
the estimated PWID population in the United States was
over 3.7 million in 2018 (/2), Japan had 0.5 million in
2011 (/3). Consequently, little attention has been paid
to this group, and their infection and treatment status
remain unknown. PWID in Japan are either in prison or
hidden in society, making it difficult to conduct a survey
among them.

This study conducted within a psychiatric hospital
setting offers a feasible approach to reach this hidden
population. It provides an opportunity to collect data
and investigate a sero-epidemiological investigation
among psychiatric patients with a history of drug abuse
at a psychiatric hospital, with a control group of patients
without a history of drug abuse. Our goal was to clarify
the current sero-epidemiological status of hepatitis
viruses among them and to assess the linkage to care
conditions of HCV treatment-eligible patients with a
history of drug abuse.

Patients and Methods

We conducted a cross-sectional sero-epidemiological
study from November 2021 to March 2022 to estimate
the prevalence of HBV and HCV infections among
patients at a psychiatric hospital in Hiroshima City,
including those with and without a history of drug
abuse. Additionally, we explored their history of
treatment for HBV or HCV using a self-administered
questionnaire.

Ethics approval and patient informed consent

2

This study was approved by the Hiroshima University
Epidemiological Ethics Review Committee and the
Senogawa Hospital Ethics Committee (E-2634, R03).
Informed consent was obtained from all participants
before any study procedure was conducted. All study
activities were performed following the Declaration
of Helsinki and relevant guidelines and regulations in
Japan.

Study population

For this study, we recruited psychiatric patients with
or without a history of drug abuse. The control group
consisted of patients without a history of drug abuse.
Participants were included if they expressed a desire to
participate and provided written consent. Exclusions
comprised individuals with an unknown history of
drug abuse or those with severe mental illness lacking
the capacity to provide consent. We used a voluntary
convenient sampling method and recruited a total of 80
psychiatric patients, including 35 with a history of drug
abuse and 45 without.

Samples collection and sero-molecular analysis of HBV
and HCV

A questionnaire was administered to the subjects using
a survey form consistently employed by the Ministry of
Health, Labour and Welfare research group for general
populations (/4). This comprehensive questionnaire
covered aspects such as past hepatitis virus tests and
treatment history in the event of a positive result. Notably,
a section on drug abuse history was incorporated into
the questionnaire specifically for this study. The survey
questionnaire was self-administered by clinically stable
psychiatric patients; however, individuals with visual
impairments or handwriting difficulties due to tremors,
for instance, had a physician read the questionnaire, and
the individual verbally responded while the physician
recorded the answers.

We collected 10 ml of intravenous blood samples
from each participant. All blood samples collected
were tested for hepatitis B, C, and liver function tests
(AST and ALT). HCV-Ab (Lumipulse II Ortho HCV
antibody, Fujirebio Inc, Tokyo, Japan) was detected by
a chemiluminescent immunoassay (CLIA) with a signal
to cutoff ratio of 1. Hepatitis B serological tests were
done using Lumipulse Presto HBsAg-HQ (Fujirebio
Inc, Tokyo, Japan) for HBsAg with cutoft at 0.005 IU/
mL, Lumipulse Presto HBs-Ab-III (Fujirebio Inc, Tokyo,
Japan) for HBs-Ab with cutoff at 10.0mIU/mL, and
Lumipulse Presto HBc-Ab-III (Fujirebio Inc, Tokyo,
Japan) for HBc-Ab with cutoff at 1.0 cutoff index.

All serum samples positive for HBsAg or HCV-Ab
were underwent further molecular analysis. The viral
titer was determined for HBV DNA and HCV RNA
using Taqgman Fast advanced master mix (Thermo Fisher
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Scientific, MA, USA) and Fast 1 Step Mix (Thermo
Fisher Scientific, MA, USA) on Applied Biosystems
StepOne (Thermo Fisher Scientific, MA, USA).
The positive PCR samples were then employed for
amplification of surface polymerase gene for HBV and
core gene for HCV by first and second rounds of nested
PCR followed by Sanger sequencing as per previous
reports (/5-17). The genotypes of both HBV and HCV
were determined after the phylogenetic tree analysis of
sample genomes and retrieved reference genomes from
GeneBank was constructed by the Neighbor-joining
method with Molecular Evolutionary Genetic Analysis
10 (MEGA-X, Pennsylvania State University, PA,
USA).

The test results were communicated to individual
patients by a hospital doctor and a record card of the
hepatitis virus test was issued to all study participants,
regardless of their results. Patients who tested positive
for the hepatitis virus were referred to the Hiroshima
Prefecture Liver Disease follow-up system and advised
to undergo medical examinations.

Data analysis

Statistical analyses were performed by using JMP
software (SAS Institute, California, USA). Chi-square
(X2) test was used, and a p-value < 0.05 was considered
statistically significant.

Results
Participant characteristics

The mean age of psychiatric patients with a history of
drug abuse (n = 35) was 55.4 + 11.0 years, and 85.7%
were male (Table 1). One person had an occupation
related to medical and nursing care. The mean age of
psychiatric patients without a history of drug abuse (n =
45) was 48.2 + 14.9 years, and 71.1% were male. Among
them, 18 (40.0%) had occupations related to medical and
nursing care.

Status of HCV infections

In this study, 22 out of 80 psychiatric patients were found
to be positive for HCV-Ab, with 21 having a history of
drug abuse and one without. We showed their individual
characteristics in Table 2. All patients had undergone
hepatitis virus testing prior to their involvement in this
study. Four of the patients were unaware of their past
testing status but were considered to have been tested
based on their history of surgery, childbirth, and blood
donation. Among the 21 HCV-Ab positive psychiatric
patients with a history of drug abuse, 7 (33.3%) were
HCV RNA negative without any treatment history
(infection eliminated naturally), 4 (19.0%) were HCV
RNA negative with a treatment history (successfully
treated cases), 8 (38.1%) were HCV RNA positive
without a treatment history (cases lacking necessary
treatment), and 2 (9.5%) were HCV RNA-positive with
a treatment history (unsuccessfully treated cases, Case 4,
and Case 10 in Table 2). Among the 14 patients eligible
for HCV treatment, 6 (42.9%) were linked to the care,
and 8 (57.1%) were not linked to the care (Figure 1).

In contrast, among psychiatric patients without a
history of drug abuse, only one case tested positive for
HCV-AD. This patient had a history of HCV treatment,
and HCV RNA was not detected (Case 22 in Table 2).

The prevalence of HCV-Ab and HCV RNA among
psychiatric patients with a history of drug abuse was
60.0% (21/35, 95% CI: 43.8-76.2%) and 28.6%
(10/35, 95% CI: 13.6-43.5%), respectively, which was
significantly higher than in psychiatric patients without a
history of drug abuse (HCV-Ab 2.2%, 95% CI: 0-6.5%,
p <0.0001; HCV RNA 0.0%, 95% CI: 0-8.2%, p =
0.0001, Figure 2).

Status of HCV RNA-positive patients

In this study, we identified 10 patients who were HCV
RNA-positive, all of whom had a history of drug abuse.
Among these patients, 7 were male and 3 were female,
and their ages ranged from 40 to 78 years. Moreover, 6

Table 1. Age and sex distribution of psychiatric patients stratified by drug abuse history

Psychiatric patients with history Psychiatric patients with no

( Totgi)) of drug abuse history drug abuse
n= _ —
Characteristics (n=35) (n=45)
n % n % n %

With history of drug abuse 35 43.8%
With no history of drug abuse 45 56.3%
Gender

Male 62 77.5% 30 85.7% 32 71.1%

Female 18 22.5% 5 14.3% 13 28.9%
Age

Median (IQR) 50.5 (19.0) 54 (25.8) 47 (21.0)

Mean age (SD) 51.4(13.8) 55.4 (11.0) 48.2 (14.9)

IQR, interquartile range; SD, standard deviation.
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Figure 2. Hepatitis B and C virus infection status of psychiatric patients with history of drug abuse (» = 35) and no history
of drug abuse (rn = 45). This figure represents the prevalence of HCV-Ab and HCV RNA among psychiatric patients with a
history of drug abuse was 60.0% (21/35, 95% CI: 43.8-76.2%) and 28.6% (10/35, 95% CI: 13.6-43.5%), respectively, which was

significantly higher than in psychiatric patients without a history of drug abuse (HCV-Ab 2.2%, 95% CI:

0-6.5%, p < 0.0001;

HCV RNA 0.0%, 95% CI: 0-8.2%, p = 0.0001). The prevalence of HBs-Ab was 22.9% (8/35, 8.9-36.8%), and that of HBc-Ab
was 34.9% (12/35, 18.6-50.0%) among psychiatric patients with a history of drug abuse. There was no significant difference in
the HBsAg positive rate between the two populations (p = 0.8568). However, the HBc-Ab positive rate tended to be higher in
psychiatric patients with a history of drug abuse than in those without a history of drug abuse (p = 0.0907).

patients (60.0%) showed abnormal results for ALT and
AST. (Table 2).

According to the questionnaire results, 8 out of
10 patients (80.0%) reported undergoing hepatitis
virus screening tests during their hospital visits. The
remaining 2 patients (20.0%) indicated that they had
never undergone hepatitis virus testing before, but it
was discovered that they had been tested without their
knowledge due to their history of surgery or childbirth.
Therefore, all HCV RNA-positive psychiatric patients

(6)

with a history of drug abuse had undergone hepatitis
virus testing at some point prior to their involvement
in this study. Among them, 30.0% (3/10) received a
detailed examination, while 20.0% (2/10) received HCV

treatment.

HCV genotype

Out of the 10 patients who tested HCV RNA-positive, 5
were found to have genotype 1b (50%), 3 had genotype



GHM Open. 2024; 4(1):1-10.

www.ghmopen.com

2a (30%), and 2 had genotype 2b (20%) (Table 2). The
HCV sequences of the 2 patients with genotype 2b
(Case 3 and Case 4 in Table 2) showed a high degree of
similarity at 98.8%.

Status of HBV infections

Only one psychiatric patient with a history of drug
abuse (a 78-year-old male) was found to be positive for
HBsAg (2.9%, 1/35, 95% CI: 0-8.4%). This patient was
co-infected with HCV (Case 2 in Table 2), negative for
hepatitis B surface antibody (HBs-Ab), and positive for
hepatitis B core antibody (HBc-Ab), but HBV DNA was
undetectable. The patient had undergone a hepatitis virus
test during a previous medical visit and a subsequent
detailed examination but did not meet the eligibility
criteria for treatment. The prevalence of HBs-Ab was
22.9% (8/35, 8.9-36.8%), and that of HBc-Ab was
34.9% (12/35, 18.6-50.0%) among psychiatric patients
with a history of drug abuse (Figure 2).

Among the non-drug abuser group, only one patient
(female, 41 years old) was positive for HBsAg, with
a prevalence of 2.2% (1/45, 95% CI: 0-6.5%). This
patient tested negative for HBs-Ab and HBc-Ab and
had undetectable levels of HBV DNA. She reported
receiving a hepatitis virus test during a past visit to a
medical institution but did not receive treatment due
to the eligibility criteria not requiring further detailed
examination. The positive rates of HBs-Ab and HBc-Ab
were 31.1% (14/45, 95% CI: 17.6-44.6%) and 17.8%
(8/45, 95% CI: 6.6-28.9%), respectively.

There was no significant difference in the HBsAg
positive rate between the two populations (p = 0.8568).
However, the HBc-Ab positive rate tended to be higher
in psychiatric patients with a history of drug abuse than
in those without a history of drug abuse (p = 0.0907,
Figure 2).

Results from questionnaire

In this study, 62.9% (22/35) of psychiatric patients with
a history of drug abuse and 37.8% (17/45) of psychiatric
patients without a history of drug abuse reported prior
HCV testing. Among psychiatric patients with no history
of drug abuse (n = 27, after excluding 18 healthcare
workers), the awareness of needle sharing as a route
of transmission for HBV, HCV, and HIV was 51.9%,
48.1%, and 59.3%, respectively. In comparison, the
corresponding figures for patients with a history of drug
abuse were 42.9%, 65.7%, and 48.6%, respectively (p =
0.4816, p = 0.1646, p = 0.4030).

Discussion
We conducted a cross-sectional sero-epidemiological

study at a psychiatric hospital in Japan to determine
the prevalence of HBV and HCV infections among

(7

psychiatric patients with a history of drug abuse. This is
crucial not only for their individual health but also for
public health efforts in controlling the spread of viral
hepatitis within their community. The prevalence of
HCV-Ab and HCV RNA among patients with a history of
drug abuse was found to be 60% and 28.6%, respectively,
which were significantly higher than those in the control
group without a history of drug abuse. The control group
in this study had a high percentage of healthcare workers
(40%). Despite healthcare professionals having a higher
risk of HBV and HCV, their infection rate was lower,
possibly due to increased infection prevention measures.
In contrast, PWID may use drugs without prevention due
to strong cravings.

Compared to studies conducted in Japan between
1992 and 1995, our study showed a decreased prevalence
of HCV-Ab among drug users, with 60% in our study
compared to 78.9% in 1992 and 74.5% in 1995 (18-
20). According to an annual survey conducted from
1998 to 2017 in recovery support facilities for drug
abusers, the HCV-Ab positivity rate was reported to
be 30-50% (20). However, when compared to other
countries, the prevalence of HCV-AD in the Stockholm
needle exchange program was reported to be 77%, and
that of HCV RNA was 57% in 2018 (27). Our finding
is consistent with a nationwide study conducted in
Germany in 2020, where the prevalence of anti-HCV
and HCV RNA among 2,466 opioid stimulation therapy
(OST) patients was 58.8% and 27.3%, respectively (22).

According to studies conducted between 1995
and 2016, the prevalence of HCV-Ab among the
general population in Japan was less than 1% (6,23-
25). Therefore, our study revealed that the rate of HCV
infection is extremely high among the population with
a history of drug abuse in Japan. To achieve HCV
elimination, a cascade of measures including awareness
of hepatitis virus infection, risk reduction, access to
screening and confirmatory testing, as well as linkage
to treatment, are generally required to interrupt the
chain of HCV transmission. As mentioned earlier, in
Japan, measures such as hepatitis virus screening and
subsidy programs for treatment have been implemented,
effectively controlling infections in the general
population (3).

However, has there been an opportunity for PWIDs
to be tested and treated in Japan? There have been no
reports on this matter. In our study, 21 out of 22 HCV-
Ab positive patients were drug abusers, and all of them
had been previously tested. Four of them were unaware
that they had been tested, but it was determined
based on their history of surgery, childbirth, or blood
donation. In Japan, 60% of the general population have
been tested for HCV, and 70% have been tested for
HBY, including those who were unaware of it (26). Our
study population of drug abusers receiving psychiatric
treatment may not be representative of all drug abusers
in Japan, as they have had access to medical care.
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Our findings suggest that drug abusers who have had
access to medical institutions in Japan have had good
opportunities for hepatitis testing. However, access to
treatment for those who test positive remains a concern.
In our study, 33.3% of the 21 HCV-Ab positive drug
abusers were considered to have naturally eliminated
the virus, while the remaining 14 patients required
treatment, but only 42.9% of them had been linked to
medical care. In contrast, among HCV RNA positive
individuals in the general population in Japan who
survived from 2000 to 2015, 63.4-85.6% were linked
to medical care by 2015 (5). In Japan, the introduction
of direct-acting antiviral agents (DAAs) treatment in
2014 has led to a significant increase in the number of
people receiving treatment as of 2022 (27). However,
drug abusers still have a lower linkage to medical
care compared to the general population. To meet the
WHO target of hepatitis elimination by 2030, 80% of
all eligible HCV patients must receive treatment (2).
Worldwide, as of the end of 2019, it was estimated
that only 21% of persons living with HCV knew their
diagnosis, and among those diagnosed with chronic
HCYV infection, around 62% had been treated with
DAAs (2). Linkage to treatment remains a challenge
globally in achieving the WHO target, particularly
among PWID. A study from Spain in 2018 found that
only 45.9% of HCV patients with a history of drug
use started treatment among 122 eligible patients (28),
while an Italian focus group assessment reported that
only 20.7% of HCV-positive patients among 3,796
eligible patients from 27 drug dependency centers were
treated in 2019 (29).

For PWID, reinfection after treatment with DAAs
has been a problem (30-32). To prevent new infections
and reinfections, it is important to raise awareness about
the risks of sharing needles. From this survey, 65.7%
of psychiatric patients with a history of drug abuse
recognized the risk of HCV infection due to sharing
injection needles. Although it was slightly higher
than the control group excluding healthcare workers,
further improvement is desired. Many countries have
implemented harm reduction programs recommended
by WHO, such as syringe service programs (33). While
such programs have not yet been introduced in Japan,
there is a need for consideration in the future.

In this study, the prevalence of HBsAg positivity
among individuals with a history of drug abuse was
found to be 2.9%, which is higher than the reported
prevalence of HBsAg positivity in the general population
(0. 37%) (5,6). Although one patient each from those
with history of drug abuse and those without was found
to be HBsAg positive, our study is restricted to conduct
the comparison between drug abusers and their control
group in relation to HBsAg positivity and linkage to
treatment. Meanwhile, HBsAg positivity did not change
according to the presence or absence of drug abuse
history, but the HBc-Ab positive rate was slightly higher

®)

in the drug abusers group, consistent with the previous
report (34). It was suggested that the sharing of injection
needles may have caused acute hepatitis B infection.
Notably, awareness of the risks of needle sharing for
HBYV is slightly lower than for HCV, indicating a need
for increased educational efforts to promote knowledge
of these risks.

This study has several limitations. First, the study
population consisted of individuals receiving treatment
for drug addiction at a psychiatric hospital, which may
introduce a bias towards those with a higher motivation
for their own health. However, because PWID in Japan
are often incarcerated or hidden in society, it can be
challenging to conduct sero-epidemiological surveys,
making drug users in psychiatric hospitals a feasible
survey population. Additionally, the small sample size
and single-center design are limitations of this study.
Nevertheless, the absolute number of drug users in
Japan is small and the psychiatric hospital included in
this survey is one of the leading addiction treatment
institutions in Japan. In situations where the target
population is limited, small sample size studies can still
provide valuable insights and serve as a starting point for
further research in this underexplored area. With regards
to the question of whether people with a history of drug
abuse have access to hepatitis testing and treatment,
the findings from this study cannot be completely
generalized. Nonetheless, it was found that these
individuals had been tested for hepatitis during their
medical visits. However, these populations tend to have
a lower linkage to treatment than the general population,
which remains a challenge. Improving post-screening
referral to treatment is crucial for them, going beyond
the strategies employed for the general population.
Additional efforts are needed to enhance the continuum
of care for this rare and limited group, ensuring that
they receive appropriate treatment and support. Despite
the limitations described above, this study is a rare and
valuable report that provides insights into the infection
status of a population with a history of drug abuse in
Japan.

Conclusion

Despite the small population of drug abusers in Japan,
the high prevalence of HCV among them underscores the
importance of addressing viral hepatitis in this group. Our
study found that medical institutions in Japan provide
opportunities for HBV/HCV testing for psychiatric
patients with a history of drug abuse, but linkage to
treatment is lower compared to the general population.
Therefore, it is crucial to improve post-screening
referral to treatment for drug abusers, beyond that of the
general population. Strengthening collaboration between
psychiatric hospitals and hepatologists is desirable.
Overlooking this issue is not an option in the pursuit of
hepatitis elimination.
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Abstract: To ensure good outcomes in patients presenting with vertigo, accurate prediction ruling out central
vertigo is crucial during initial assessment. This study was conducted to develop a clinical decision rule (CDR)
using objectively measurable predictors to exclude central vertigo, while maintaining 100% sensitivity. This was a
multicenter, prospective, cohort study analyzing patients presenting to the emergency departments of six hospitals
in Japan from April 2011 to March 2014. Eligible patients were 3,001 patients aged > 15 years. Patients were
excluded if they presented with trauma, intoxication, heatstroke, anaphylaxis, or unconsciousness. The main outcome
measure, definitive diagnosis of central vertigo, was based on confirmation of intracranial bleeding on head computed
tomography (CT) or cerebral or cerebellar infarction or tumor on brain magnetic resonance imaging (MRI). Univariate
analysis and multivariate recursive partitioning analysis were performed. A total of 1,938 patients were enrolled. Of 1,133
cases, 60 were diagnosed with central vertigo. The CDR diagnosed central vertigo if any of the following were present:
headache or neck pain, vomiting, sBP > 150 mmHg, BS > 140 mg/dL, or LDH > 230 IU/L, providing sensitivity
of 100% (95% CI 94.0-100%) and specificity of 21.2% (95% CI: 18.9-23.7%) to exclude central vertigo. The rule
was validated in 805 eligible patients, of whom 87 had central vertigo, demonstrating sensitivity of 100% (95% CI:
95.8-100%) and specificity of 20.0% (95% CI: 17.4-22.9%). A highly sensitive CDR to exclude central vertigo was
developed for patients presenting with vertigo to emergency departments. Further verification is needed to generalize
this CDR.

Keywords: emergency department management, clinical research, common disease, decision making, dizziness

Introduction vestibular syndrome which is becoming mainstream (4-

6). Also in "Standard neurotherapy: Vertigo" published
Vertigo is a relatively frequent symptom, occurring in by the Japanese Society of Neurotherapy in 2020, the
about 5% of emergency patients. Of these, about 3% diagnosis of central vertigo or peripheral vertigo was
are thought to have central vertigo, which is almost based on the judgment of neurological findings, and
always due to cerebrovascular accidents involving the there was a description that used many photographs

cerebellum or brainstem (/,2). Overlooking central and figures (7). Whereas the presence or absence of
vertigo may result in death, serious complications, or neurological findings is important, observations are
sequelae (3). Accurate detection is crucial in managing greatly affected by the level of clinical skill of the
patients who present with vertigo to the emergency attending medical staff. In fact, there is a report of
department (ED). Therefore, many studies have been meta-analysis that showed HINTS varied in accuracy
conducted with the aim of not overlooking or picking up when used by trained neurologists and by emergency
central vertigo. Almost all clinical decision rules can be physicians alone, and was not accurate enough to rule
used only when the presence or absence of neurological out stroke when used by emergency physicians alone (4).
abnormal findings can be discriminated such as HINTS Therefore, the development of clinical decision rules

(head-impulse, nystagmus, test of skew) for acute (CDRs) that provide high sensitivity for central vertigo

(11)
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derived only from objective findings and tests without
neurological findings that can be used by inexperienced
physicians is very useful in the ED. However, there are
few reports of predictors of central dizziness without
neurological findings.

The present study was conducted as part of the
Emergency Medicine, Registry Analysis, Learning and
Diagnosis (EMERALD) project, aimed at minimizing
life-threatening diseases being overlooked in EDs in
Japan. The objective of this study was to develop a CDR,
known as the EMERALD Vertigo Rule, using objectively
measurable predictors to exclude central vertigo, while
maintaining 100% sensitivity and offering as high a
specificity as possible.

Materials and Methods
Study design

This multicenter, prospective, cohort study was
conducted in the EDs of six general hospitals in Japan
from April 2011 to March 2014. A total of 3,001 patients,
aged > 15 years, presenting with a chief complaint of
vertigo were considered for enrolment. Patients who
presented with vertigo due to trauma, intoxication from
drugs or alcohol, heatstroke, anaphylaxis, and those who
were unconscious at the beginning of assessment were
excluded.

All patient assessments were performed by residents
supervised by staff physicians or attending emergency
physicians. Physicians were oriented to the study
and instructed to enter clinical findings at the time
of assessment into data collection software specially
developed by the EMERALD project on a smartphone
device.

To minimize interobserver differences and observer
biases, the focus was on objectively measurable data such
as age, sex, heart rate, systolic blood pressure (sBP) and
diastolic blood pressure (dBP), and temperature, which
were defined as the first reading by the attending nursing
staff. Data on symptoms that were clearly distinguishable
as being present or absent and past medical history from
the patient interview were gathered.

A variety of data from blood samples, such as
blood sugar (BS), serum transaminase, serum lactate
dehydrogenase (LDH), serum sodium, serum potassium,
hemoglobin concentration, white blood cell (WBC)
counts, and platelet counts were also collected, since
these factors needed only a small amount of blood to
measure. Only routine examination modalities applied to
emergency patients in Japanese EDs were used, and all
results were obtainable within 30 min.

All patient data were anonymized before being
uploaded to the internet server via direct smartphone
connection. Collected anonymized data were monitored
and cleaned by the Joint Center for Researchers,
Associates and Clinicians (JCRAC), an authorized center

(12)

for quality management of data. The final dataset for
analyses was provided by JCRAC.

The primary outcome, central vertigo, was defined
as vertigo caused by cerebrovascular disease or tumor
as detected by cranial computed tomography (CT) and/
or brain magnetic resonance imaging (MRI)/magnetic
resonance angiography (MRA). These were interpreted
by emergency physicians, specialist neurological staff
(neurologist or neurosurgeon), and/or radiologists.
All participating hospitals were equipped with 64-row
multidetector row CT scanners and an MRI device either
in or close to the ED. CT was available within 1 h at all
times. If the results appeared negative on plain CT and
the patient was still suffering from vertigo, emergency
physicians or residents hospitalized the patients and
consulted neurological staff regarding whether the
patients could be discharged.

Brain MRI/MRA might not be immediately available
for these patients, depending on the situation. If the
neurological staff suggested the patient would not need
hospitalization, but the patient was still suffering from
vertigo, the patient was admitted for observation and
possible further intervention, as appropriate. Discharged
patients were evaluated by outpatient follow-up or
telephone interview.

Data from the Center Hospital of the National
Center for Global Health and Medicine (NCGM) were
defined as the derivation dataset, and data from the
other five hospitals as the validation dataset. Two groups
were compared: the central vertigo group (CV group)
and the non-central vertigo group (non-CV group), in
whom vertigo was not due to central vertigo. Univariate
analyses were used to determine the strength of the
association between each possible predictor variable and
the outcome variable.

To develop a CDR, previously established
methodological standards were followed (&). First,
categorical variables showing values of p < 0.05 on
univariate analyses were selected. Then, continuous
variables showing values of p < 0.05 on univariate
analyses were selected as clinically important possible
predictors. Cut-offs for the selected, objectively
measurable predictors were determined by receiver-
operating characteristic (ROC) curve analyses.

Continuous variables were converted into categorical
variables by the cut-offs. Setting the presence (1) or
absence (0) of central vertigo as the outcome variable,
multivariate, recursive partitioning analysis was
performed to develop rules using only the selected
and converted categorical variables. Sensitivity and
specificity were estimated for each rule. Because a
CDR for a life-threatening event such as central vertigo
requires sensitivity of 100% with a narrow confidence
interval, the practical rule with the highest specificity
was selected. The CDR was verified using the validation
dataset to determine the internal stability of the rule, and
the sensitivity and specificity were calculated.



GHM Open. 2024; 4(1):11-17.

www.ghmopen.com

The research ethics board at each participating
hospital approved the study protocol, which was
designed in accordance with the STROBE C statement
for observational studies. All procedures followed in this
study were in accordance with institutional guidelines.
Informed consent was obtained from all patients.

Statistical analysis

Wilcoxon's rank-sum test was used for continuous
variables, and Fisher's exact test was used for categorical
variables and multivariate recursive partitioning analysis
to develop the CDR. Statistical analyses were performed
using JMP V.11.2.1 software (SAS Institute, Cary, NC,
USA).

Clinical Trial Registration

UMIN-CTR Clinical Trial-URL: http://www.umin.
ac.jp/ctr/index.htm. Unique ID issued by UMIN:
UMIN000004864

Results

A total of 1,236 consecutive patients were enrolled as
the derivation dataset, and 1,765 consecutive patients
were enrolled as the validation dataset. In the derivation
dataset, exclusion criteria applied to 49 patients, whereas
primary outcomes for 54 patients could not be confirmed
without follow-up evaluation or telephone interview.
The study flow for the 1,133 eligible patients is shown in
Figure 1A. In the validation dataset, 1,764 patients were
enrolled, of whom 14 patients were excluded according
to the exclusion criteria. In a further 930 patients,
primary outcomes could not be confirmed without a
follow-up evaluation or telephone interview, whereas 16
patients had missing principal data; thus, 805 patients
were eligible (Figure 1B). There were 60 central vertigo
patients in the derivation dataset and 87 in the validation
dataset.

Table 1 shows the classification by the causative
disease and the percentage of patients whose medical
images were inspected in the CV group (n = 60) and
the non-CV group (n = 1,073) from among the enrolled

(A)

‘ 1,236 Eligible patients ‘

patients in the derivation dataset. Cerebellar infarction
(n = 30; 50.0%), cerebellar hemorrhage (n = 7; 11.7%),
and brainstem infarction (n = 7; 11.7%) were the top
three diseases in the CV group, whereas most cases of
peripheral vertigo (n = 558; 52.0%) occurred in the non-
CV group. CT was performed in 100% of the CV group
and 72.8% of the non-CV group. MRI was performed in
53.3% of the CV group and 11.2% of the non-CV group.
Three patients (5.0%) in the CV group and 890
patients (82.9%) in the non-CV group were discharged
from the ED. One of the three patients was initially
diagnosed with peripheral dizziness as an emergency

Table 1. Classification by causative pathology and
percentage undergoing imaging investigation in the
CV group (n = 60) and non-CV group (r = 1,073) in the
derivation dataset

Causative pathology CV group (n = 60)

Cerebellar infarction 30 (50.0%)
Cerebellar hemorrhage 7 (11.7%)
Brainstem infarction 7 (11.7%)
Brainstem hemorrhage 2 (3.3%)
Other cerebrovascular diseases 12 (20.0%)
Brain tumor 2 (3.3%)
Imaging investigation
Head CT 60 (100.0%)

Brain MRI/MRA 32(53.3%)

Causative pathology non-CV group (n =1,073)

Peripheral vertigo 558 (52.0%)

Psychiatric disorders 112 (10.4%)
Neuroregulatory disorders 58 (5.4%)
Dehydration / Infectious disease 39 (3.6%)
Anemia / Gastrointestinal bleeding 20 (1.9%)
Hypertensive emergency 16 (1.5%)
Cardiovascular disease 14 (1.3%)

Electrolyte abnormality
Others

11 (1.0%)
245 (22.8%)

Imaging investigation

Head CT
Brain MRI/MRA

781 (72.8%)
120 (11.2%)

CV, central vertigo; CT, computed tomography; MRI/MRA, magnetic
resonance imaging/magnetic resonance angiography.

(B)

1,765 Eligible patients

103 Excluded
——| 49 met exclusion criteria
54 had unconfirmed cutcome variables

1,133 Enrolled

960 Excluded
14 met exclusion criteria
931 had unconfirmed outcome variables
15 were missing important predictor variables

805 Enrolled

Figure 1. Flowchart of (A) the derivation dataset and (B) the validation dataset.
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outpatient, but was finally diagnosed with central vertigo
after consultation with an otolaryngologist. It was
discovered via telephone interview that two patients, who
did not undergo MRI or MRA, were initially diagnosed
with peripheral vertigo and were discharged from EDs,
but were then hospitalized elsewhere due to cerebellar
infarction.

Table 2 shows the results of univariate analyses of the
derivation dataset. The proportions of male patients and
of patients with headache or neck pain and vomiting were
significantly higher in the CV group than in the non-CV
group. The proportion of patients with hypertension was
significantly higher in the CV group, but there were no
significant differences between the CV group and the
non-CV group in the past medical or surgical history.
Regarding vital signs and blood analyses, sBP, dBP, BS
level, LDH level, and WBC count were higher in the CV
group.

The cut-off values for continuous variables (sBP, dBP,
BS level, LDH level, and WBC count) were determined
using ROC curves. They were significantly higher in
the CV group. Continuous variables were converted to
categorical variables based on the cut-off value. These
five converted variables and three categorical variables

(including sex, vomiting, and headache and/or neck pain)
were used for recursive partitioning.

As a result of the recursive partitioning analysis of
the 1,133 enrolled patients, a CDR was developed using
almost the same method as the EMERALD SAH rule
(9,10), which is a CDR used to exclude the presence of
subarachnoid hemorrhage in acute headache (Figure 2A).

Table 3 shows the comparison between the validation
dataset of 718 eligible non-CV patients and the 945
excluded patients. In eligible patients, the median age
was 69 years, and 36.8% were male, whereas in excluded
patients, the median age was 68 years, and 36.5% were
male. In addition, there were no significant differences
in symptoms and measurable variables except for dBP
and platelet counts between eligible non-CV patients and
excluded patients.

The new CDR was verified with the validation
dataset. Central vertigo was detected with sensitivity of
100% (95% CI: 95.8-100%) if the patient met any one
of the following: presence of vomiting, headache or neck
pain, sBP > 150 mmHg, BS > 140 mg/dL, or LDH > 230
IU/L. This CDR had a specificity of 20.0% (95% CI:
17.4-22.9%) (Figure 2B).

As a result of the verification, the EMERALD

Table 2. Univariate correlations of variables with central vertigo

. CV group non-CV group
Characteristics (n = 60) (n=1,073) p value
Age (y) 65 (52-78) 63 (42-76) 0.07
Male sex 35 (58.3%) 446 (41.6%) 0.02
Symptom
Headache or neck pain 19 (32.2%)* 197 (18.8%)* 0.02
Transient unconsciousness 1 (1.7%)* 59 (5.6%)* 0.37
Convulsions 0 (0.0%)* 7 (0.7%)* 1.00
Vomiting 36 (61.0%)* 392 (37.4%)* <0.01
Incontinence 1 (1.7%)* 7 (0.7%)* 0.36
Cochlear symptoms 4 (6.8%)* 146 (13.9%)* 0.17
Medical history
Cerebral infarction 6 (10.0%) 69 (6.5%)* 0.29
Hypertension 32 (53.3%) 340 (32.2%)* <0.01
Dyslipidemia 7 (11.7%) 152 (14.7%)* 0.71
Diabetes mellitus 8 (13.3%) 105 (10.0%)* 0.38
Arrhythmia 3 (5.0%) 31 (3.0%)* 0.43
Neurological examination
Cerebellar ataxia 19 (32.8%)* 18 (1.7%)* <0.01
Abnormal neurological findings 53 (89.8%)* 923 (92.0%)* 0.47
Vital signs
Heart rate (bpm) 75 (67-87) 74 (66-84) 0.47
Systolic blood pressure (mmHg) 151 (137-180) 138 (119-160) <0.01
Diastolic blood pressure (mmHg) 87 (76-100) 76 (66-88) <0.01
Temperature (°C) 36.2 (35.8-36.7) 36.3 (36.0-36.7)
Blood test results
Blood sugar (mg/dL) 146 (118-175) 122 (104-146) <0.01
Serum lactate dehydrogenase (IU/L) 237 (203-267) 203 (178-239) <0.01
C-reactive protein (mg/dL) 0.08 (0.03-0.19) 0.06 (0.02-0.17) 0.10
Serum sodium (mEq/L) 139 (138-141) 140 (138-141) 0.28
Serum potassium (mEq/L) 3.8(3.54) 3.8(3.54) 0.98
White blood cell count (/uL) 7,900 (6,600-10,600) 6,900 (5,500-8,500) <0.01
Hemoglobin (g/dL) 14.1 (12.9-5.5) 13.6 (12.7-14.8) 0.07
Platelet count (x10*/uL) 22.6 (18.9-26.9) 21.3(17.7-25.4) 0.29

Continuous variables are indicated by medians (quartiles), nominal variables are indicated by numbers (proportion). CV, central vertigo. *:

Percentages were calculated excluding those with missing data.

(14)
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(A)

Complained of vomiting?
1,133 patients, 60 had central vertigo

Ye
i»l 427 patients, 35 had central vertigo |
No
Complained of headache or neck pain?

706 patients, 25 had central vertigo

Yes

|

123 patients, 5 had central vertigo

No

Systolic blood pressure > 150 mmHg?
583 patients, 20 had central vertigo

Yes

I

198 patients, 13 had central vertigo

No

Blood sugar > 140 mg/dL?
385 patients, 7 had central vertigo

Ye
°s 61 patients, 3 had central vertigo

I

No

Lactate dehydrogenase > 230 IU/L?
324 patients, 4 had central vertigo

Yes

I

69 patients, 4 had central vertigo |

No

| 255 patients, 0 had central vertigo ‘

Figure 2. (A) A clinical decision rule excluding central vertigo with 100% sensitivity created using recursive partitioning, (B)

(B)

Complained of vomiting?
805 patients, 87 had central vertigo

Ye
i»l 323 patients, 58 had central vertigo

Complained of headache or neck pain?|
482 patients, 29 had central vertigo

Yes
—.| 70 patients, 7 had central vertigo

Systolic blood pressure > 150 mmHg?
412 patients, 22 had central vertigo

Yes N N
—>‘ 188 patients, 14 had central vertigo

Blood sugar > 140 mg/dL?
224 patients, 8 had central vertigo

L.‘ 35 patients, 6 had central vertigo

Lactate dehydrogenase > 230 IU/L?
189 patients, 2 had central vertigo

Ye
L,‘ 28 patients, 2 had central vertigo

| 161 patients, 0 had central vertigo |

No

No

No

No

No

Results of validation data using the created clinical decision rule.

Table 3. Comparison between validation data of 718 eligible non-CV patients and 945 excluded patients

Characteristics Eligible non-CV patients (n = 718) Excluded patients (n = 945) p value
Age (y) 69 (58-77) 68 (57-76) 0.18
Male sex 264 (36.8%) 345 (36.5%) 0.75
Symptom
Headache or neck pain 111 (15.5%) 168 (17.8%) 0.26
Transient unconsciousness 8 (1.1%) 21(2.2%) 0.13
Convulsion 2 (0.3%) 7 (0.7%) 0.32
Vomiting 264 (36.8%) 396 (41.9%) 0.08
Incontinence 3 (0.4%) 3(0.3%) 0.70
Cochlear symptoms 130 (18.1%) 147 (15.6%) 0.08
Medical history
Cerebral infarction 65 (9.1%) 85 (9.0%) 0.86
Hypertension 288 (40.1%) 383 (40.5%) 1.00
Dyslipidemia 127 (17.7%) 80 (8.5%) <0.01
Diabetes mellitus 100 (13.9%) 107 (11.3%) 0.08
Arrhythmia 54 (7.5%) 111 (11.7%) <0.01
Neurological examination
Cerebellar ataxia 24 (3.3%) 21(2.2%) 0.21
Abnormal neurological findings 548 (76.3%) 599 (63.4%) 1.00
Vital signs
Heart rate (bpm) 74 (66-86) 74 (65-83) 0.11
Systolic blood pressure (mmHg) 147 (128-67) 146 (128-164) 0.21
Diastolic blood pressure (mmHg) 82 (71-95) 80 (69-91) <0.01
Temperature (°C) 36.4 (36.0-36.7) 36.3 (35.9-36.6) 0.19
Blood test results
Blood sugar (mg/dL) 126 (108-155) 132 (110-155) 0.10
Serum lactate dehydrogenase (IU/L) 214 (188-250) 214 (187-253) 0.67
C-reactive protein (mg/dL) 0.1 (0.04-0.2) 0.07 (0.03-0.17) 0.12
Serum sodium (mEq/L) 139 (138-141) 139 (138-141) 0.50
Serum potassium (mEq/L) 3.9 (3.6-4.2) 3.8(3.6-4.2) 0.31
White blood cell count (/pL) 6,900 (5,400-8,600) 6,800 (5,400-8,400) 0.43
Hemoglobin (g/dL) 13.5 (12.6-14.4) 13.4 (12.3-14.3) 0.10
Platelet count (x10*/uL) 20.7 (17.0-24.0) 21.9 (18.3-25.9) <0.01

Continuous variables are indicated by medians (quartile), nominal variables are indicated by numbers (proportion). CV, central vertigo.

(15)
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EMERALD Vertigo Rule
Any of following risks present?
1. Vomiting
2. Headache or neck pain
3. Systolic blood pressure > 150 mmHg
4. Blood sugar > 140 mg/dL
5. Lactate dehydrogenase > 230 IU/L

Yes No

High risk Low risk

More investigation or inpatient
observation required

No investigation required

Figure 3. A proposed decision-making process for excluding
central vertigo in vertigo patients.

Vertigo Rule was formulated as follows: in the presence
of any of vomiting, headache or neck pain, sBP > 150
mmHg, BS > 140 mg/dL, or LDH > 230 IU/L, there is a
possibility of central vertigo, and further examination or
inpatient observation is warranted (Figure 3).

Discussion

Central vertigo may be overlooked in the initial
management of vertigo patients in EDs. In EDs,
many inexperienced residents are involved in patient
management, and the reason for overlooking central
vertigo was that the findings of these residents were
likely less accurate and reproducible than those of
neurological experts.

Kerber et al. reported that cerebrovascular disease
was diagnosed in 3.2% (53/1,666) of patients presenting
with vertigo. These patients were slightly older and more
likely to be male than those without cerebrovascular
disease (69.3 £ 11.7 vs. 65.3 = 12.9 years, p = 0.02;
55% vs. 36% male, p < 0.01; respectively) (2) The
present derivation dataset was compared with that of the
report by Kerber et al. The percentage of central vertigo
patients in the present study was significantly higher than
the percentage in the report by Kerber et al. (5.6% vs.
3.2%, p < 0.01); however, the proportion of men in the
non-CV group was consistent with their report. The age
of patients tended to be higher in the CV group than in
the non-CV group, but not significantly higher.

In the present study, the EMERALD Vertigo Rule
was developed, with central vertigo suspected if any of
the following five are present: vomiting, headache or
neck pain, sBP > 150 mmHg, BS > 140 mg/dL, or LDH
> 230 IU/L. It is not surprising that sBP and BS increase
as stress increases, as in cerebrovascular disease, but the
serum LDH value seems to be hardly related to stress.
Prior to the 1990s, there were many reports that enzymes
such as LDH in serum or cerebrospinal fluid increase
significantly in stroke patients (//-13). These reports
support LDH being one of the predictors used in the
EMERALD Vertigo Rule.

(16)

The new CDR has 100% sensitivity to exclude
central vertigo. Besides this, it was also ensured that
the criteria were objectively measurable values that
were easy to use during medical examinations in EDs.
The sensitivity based on the validation dataset was also
shown to be 100%; thus, the EMERALD Vertigo Rule
seems to have a certain degree of external validity.

Despite being a prospective study, there were several
deficits in the data. Simultaneous gathering of clean
data proved difficult while emergency patient care was
being provided. Some telephone numbers obtained
were incorrect, and some patients did not have access
to a telephone. Moreover, selection biases were likely
given the large number of samples excluded. Missing
validation data in 930 patients meant that primary
outcomes could not be confirmed without follow-up
evaluation or telephone interview, whereas 16 patients
had missing principal data.

A total of 946 patients in whom primary outcomes
could not be confirmed were those who were not
diagnosed as having central vertigo during their initial
medical examination in the EDs.

There were no significant differences in patients'
characteristics, except dyslipidemia, arrhythmia, dBP,
and platelet counts, between eligible non-CV and
excluded patients (Table 3). Of the four significant
characteristics (dyslipidemia, arrhythmia, dBP and
platelet counts), the dBP, which was likely to be
associated with the five parameters of the EMERALD
Vertigo Rule, was significantly lower in the excluded
patients than in the eligible non-CV patients. Since dBP
was significantly higher in the CV group than in the non-
CV group in the derivation data, a significantly lower
dBP in excluded patients than in eligible non-CV patients
did not increase the likelihood of including CV patients
in excluded patients. It was not possible to directly prove
that there were no patients with central vertigo among
the excluded patients, but at least there were no relevant
significant differences in the eligible non-CV patients
and the excluded patients.

A meta-analysis by Robert Ohle ef al. reported that
HINTS when used by emergency physicians alone
was not accurate enough to rule out stroke (4). Also,
there are several reports that noted the need for training
of emergency physicians to improve the accuracy of
neurologic findings (4,6). In addition, we emphasized
high sensitivity over low specificity, because ED care is
focused on ruling out overt disease rather than making a
definitive assessment. Although the EMERALD Vertigo
Rule has less specificity, the focus was on creating
more practical CDRs for inexperienced physicians who
work extensively after-hours. This CDR seems to be
very useful in practical clinical settings, because the
rule is simple, and the predictors were shown to be not
very subject to interobserver disagreement. Because
the number of patients who undergo after-hours
medical examinations continues to increase, it is also
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quite useful that "only" about 20% of patients do not
have to undergo detailed examinations and specialist
consultations.

In conclusion, we propose that, when treating
vertigo patients, further tests and follow-up inpatient
observations are needed in patients who meet any of
the following criteria: presence of vomiting, headache,
or neck pain, sBP over 150 mmHg, BS over 140 g/dL,
or LDH over 230 TU/L. The EMERALD Vertigo Rule
may be useful in the initial management of emergency
patients presenting with vertigo. Further validation will
be required for its generalization.
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Abstract: We assessed trends in glycemic control among individuals with diabetes before and during the coronavirus
disease 2019 pandemic. We used two databases to investigate changes in prescription days and the interval between
physician visits and their impact on glycemic control among individuals with diabetes in Japan between 2017 and
2020. The analysis using the JIMDC database indicated that prescription days were extended by approximately 20 days
in 2020 compared to other years. The analysis using the Japan diabetes comprehensive database project based on an
advanced electronic medical record system database revealed that intervals between physician visits were extended
by approximately 7 days in 2020 compared to other years and glycemic control did not materially change in 2020.
These results suggest that the prescription days increased with the spread of coronavirus disease 2019 in patients with
diabetes, but the impact of the coronavirus disease 2019 pandemic on glycemic control appeared to be small.

Keywords: diabetes, coronavirus, outpatient

Introduction examinations; diabetic foot care; renal care services)

in Japan reported a downward trend in diabetes-related
The spread of coronavirus disease 2019 (COVID-19) medical care during the COVID-19 pandemic (4).
had a major impact on the treatment of lifestyle-related Furthermore, changes in lifestyles and their associations
diseases. To reduce the risk of infection, efforts were with the metabolic and glycemic statuses among patients
made to discourage medical visits in many countries. In with diabetes during the first COVID-19-related state
April 2020, the Japanese government declared a state of of emergency in Japan were reported (5). Some studies

emergency and urged the public to avoid leaving home indicated that glycemic control was improved during
and visiting medical institutions unnecessarily. Because the COVID-19 pandemic (6), while others showed
diabetes management requires continuous medical care deterioration (7,8) or no change (9). However, to the
(1,2) there have been concerns that extended intervals best of our knowledge, no study has examined trends

between physician visits may have negatively impacted in prescription adjustment and physician visit intervals
glycemic control because individuals with diabetes had during COVID-19 in patients with diabetes in relation to

fewer opportunities for prescription days and lifestyle glycemic control.
guidance. To address this gap, we aimed to determine whether
According to a survey of 155 countries released by the intervals between physician visits lengthened and

the World Health Organization in May 2020, 53% of whether glycemic control deteriorated among those
the countries surveyed reported that some or all services with diabetes during the COVID-19 pandemic. We

for diabetes and diabetes-related complications were first evaluated the prescription days using the JIMDC
interrupted (3). Additionally, a study examining trends in Claims Database — a large-scale claims database in
diabetes-related services (HbAlc level, serum creatinine Japan encompassing populations across various regions
level, and urine protein level evaluations; fundus of Japan, covering about 10 million people, with the

(18)
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prescription days serving as a surrogate measure of
physician visit intervals. We further investigated the
interval between physician visits and glycemic control
using the J-DREAMS (Japan Diabetes compREhensive
database project based on an Advanced electronic
Medical record System), a large-scale database directly
linked to electronic medical records.

Materials and Methods

We obtained anonymized individual data from the
JMDC Claims Database, which is a medical database
managed by JMDC Inc. Japan has a universal health
insurance system. Citizens are covered by one of several
insurance systems, including employee health insurance
programs, the national health insurance program, and the
elderly health care system. The JMDC database contains
the monthly claims reported by multiple employee
health insurance programs since January 2005. This
research using the JMDC database was approved by
the institutional review board of the Yokohama City
University (Reference No. B200800024).

We counted the median number of days between
diabetes medication adjustments for each month from
2017 to 2020. Diabetes medication prescriptions
were defined based on the World Health Organization
Anatomical Therapeutic Chemical classification codes.
Those with A10 codes (starting with A10X) were
excluded. Those prescribed during hospitalization
were also excluded. During the subgroup analysis, we
categorized hospitals according to the number of beds (0-
19, 20-99, 100-199, 200-299, 300-499, more than 500,
and unknown).

To further examine the trends in intervals between
prescription days and glycemic control for patients
with diabetes who visited relatively large hospitals,
we calculated the average intervals between physician
visits and average HbAlc using the Japan diabetes
comprehensive database project based on an advanced
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electronic medical record system (J-DREAMS) as
of November 2021. The J-DREAMS included 65
participating facilities specialized in diabetes care.
The research using the the J-DREAMS was reviewed
and approved by the institutional review board of
the National Center for Global Health and Medicine
(approval number: NCGM-G-003329-00). The median
intervals between physician visits were calculated for
patients whose HbA 1¢ was measured from 2017 to 2020
and for whom visit intervals could be estimated and
compared between years. The interval between physician
visits was estimated when HbAlc was measured at least
once during the relevant year, and at least one HbAlc
measurement was confirmed within approximately 180
days.

All statistical analyses were performed using R
software (version 4.12 for Windows; R Project for
Statistical Computing, Vienna, Austria).

Results

The JMDC database contained an average of 6,155,934,
6,963,009, 7,511,122, and 7,801,111 individuals each
month during 2017, 2018, 2019, and 2020, respectively
(Figure 1).

Results of all medical facilities showed that the
median number of days between prescription days
increased in February, March, April, and May of 2020
compared to those during other years (Figure 2). The
analysis stratified by the number of beds showed
no change in the median number of days between
prescription days for medical institutions with 19 beds
or less, but an increase for those with 20 or more beds,
especially during April and May (Supplemental Figure
S1, https://www.ghmopen.com/site/supplementaldata.
htmi?ID=80).

The analysis involving the J-DREAMS included
7030 patients observed from 2017 to 2020. The mean
intervals between physician visits were 53.8 days in
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2017, 55.0 days in 2018, 55.7 days in 2019, and 62.1
days in 2020; however, the mean HbA 1¢ values were 7.37
in 2017, 7.35 in 2018, 7.26 in 2019, and 7.30 in 2020
(Figures 3 and 4).

Discussion

During the JMDC database analysis, we investigated
trends in prescription days among patients with diabetes
in Japan. We found that these intervals were extended
among patients who visited medical institutions with
more than 20 beds during the COVID-19 pandemic.
Another analysis involving the JI-DREAMS database
showed that although the intervals between physician
visits were extended, the change in glycemic control
was minimal before and during the COVID-19
pandemic.

These results suggest that the prescription days
increased with the spread of COVID-19 among patients
with diabetes, but that the impact on glycemic control

days
N
o

N
=]

was small among patients attending specialized diabetes
care facilities. According to the analysis using the
IJMDC database, the prescription days for patients who
visited large hospitals increased, suggesting that the
role of medical resources may have been appropriately
adjusted. Previous studies have shown that the number
of physician visits decreased during the expansion of
the COVID-19 pandemic among patients with diabetes
(10,11). These results suggest that appropriate treatment
continuation might have been achieved by reducing the
number of visits and increasing the prescription days.
According to the results of the J-DREAMS study
of patients who visited physicians at relatively large
medical institutions, the interval between physician visits
was extended an average of approximately 7 days, but
the mean HbAlc levels remained unchanged. Therefore,
the extension of approximately 7 days might have had
little effect on glycemic control. Although previous
studies have shown that the interval between physician
visits during the COVID-19 pandemic was significantly
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Figure 2. Changes in the median prescription days prescribed (in days) from 2017 to 2020 (stratified by the number of

hospital beds).
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Figure 3. Mean interval between physician visits during
each year (7,030 patients had data for all years).

year

Figure 4. Mean HbA1c values (7,030 patients had data for
all years).
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associated with HbAlc control, worsening of HbAlc
was not observed during the analysis involving the
J-DREAMS (72). This may be because the association
reported in the previous literature was observed for
HbAlc < 7%, and the effect on HbAlc was minor during
a short period of 7 days.

The J-DREAMS includes relatively large hospitals;
however, the characteristics of large hospitals are similar
to those of hospitals not included in the J-DREAMS.
Therefore, by combining the results of the analysis
using the J-DREAMS and those of the analysis using
the IMDC database, it was observed that little effect
on glycemic control occurred despite the increased
prescription days and reduced number of physician
visits.

This study had several limitations. First, because the
JMDC database includes those enrolled in employment
insurance, the survey was limited to individuals of
working age and their dependents; it did not include
populations not covered by corporate health insurance.
Second, caution should be exercised when interpreting
the data. Additionally, all medical institutions
participating in the J-DREAMS are educational
facilities designated by the Japan Diabetes Society, and
the data included in this study are only those of patients
who attended relatively large medical institutions.
Therefore, we conducted an analysis using data from
before 2020 to examine prescription durations and
appointment intervals at that time. However, on May
8, 2023, COVID-19 has been downgraded to a Class
V Infectious Disease under the Infectious Disease
Act, resulting in the ability of a wide range of medical
institutions to provide treatment for the infection (/3).
This change has brought about various transformations,
including the normalization of routine medical
responses. This shift is believed to have influenced
public awareness of COVID-19. Further investigation
is necessary to understand the implications of this
reclassification on prescription durations and blood
glucose control.

In conclusion, our results indicate that the interval
between physician visits among patients with diabetes
in Japan was extended during the COVID-19 pandemic,
but the effect on HbAlc was small. Additionally,
prescription days were extended for patients who visited
medical facilities with fewer than 20 beds, suggesting
that medical resources may have been appropriately
distributed during the pandemic. These results have
certain implications regarding diabetes management. If
the patient's glycemic control status is stable, extending
the prescription period as part of the treatment plan
during the pandemic may be acceptable. Additionally,
given the possibility of future pandemics, it may be
worth exploring a system that allows for ongoing access
to essential medications while minimizing the need for
frequent visits to healthcare facilities. Such a system
would help to reduce exposure risks while ensuring that

21

those with chronic conditions can continue to receive
necessary treatments.
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Abstract: Despite the lower rate of severe illness associated with the omicron variant than the delta variant, more
deaths have occurred among patients with mild-to-moderate COVID-19 in Japan since the omicron variant surge
during the sixth wave. This study aimed to elucidate the background, clinical course, and causes of death in patients
with COVID-19. We conducted a retrospective observational study on patients with COVID-19 admitted to the
National Center for Global Health and Medicine who subsequently died during the delta (July—September 2021) and
omicron variant outbreaks (December 2021-August 2022). Among the 20 patients who died during the delta variant
epidemic, the main causes of death were pneumonia (n = 16, 80%), preadmission complications (n = 3, 15%),
and complications occurring during hospitalization (n = 1, 5%). However, during the omicron variant epidemic,
7/24 patients (29%) died of pneumonia, 11 (46%) died of complications before admission, and 6 (25%) died of
complications during admission. During the omicron variant outbreak, two-thirds of the COVID-19 deaths during
hospitalization were not primarily caused by pneumonia, unlike the delta variant outbreak, during which pneumonia
had a greater impact on mortality. As patient demographics and clinical pictures change, the establishment of
medical infrastructure for patients with life-threatening comorbidities and careful monitoring of acute COVID-
related complications are essential.

Keywords: pneumonia, respiratory failure, comorbidities, disease progression, medical infrastructure, COVID-
related complications

Introduction COVID-19 fatalities during the fifth wave (delta variant
outbreak period). This rate increased to 95% during the
The delta variant of severe acute respiratory syndrome sixth wave (omicron variant outbreak period), indicating

coronavirus 2 (SARS-CoV-2) has a higher severity that a higher proportion of older adults are affected (4).
rate than the previous variants (/). During the fifth Nevertheless, a significant lack of understanding remains

wave, numerous severe COVID-19-related deaths were regarding the direct causes, background, and progression

reported in Japan. The omicron variant has a lower of COVID-19-related deaths, especially during the

severity rate than the delta variant (2). However, during omicron variant outbreak.

the sixth wave and beyond, the number of deaths due to Therefore, we conducted this retrospective

mild-to-moderate COVID-19 increased in Japan. observational study on patients with COVID-19 admitted
COVID-19 worsens complications like to the National Center for Global Health and Medicine

cardiovascular diseases, even in mild cases (3). In (NCGM) who subsequently died during both the delta

Japan, patients aged > 60 years accounted for 74% of and omicron variant outbreaks to elucidate the clinical

(23)
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course and causes of death.
Patients and Methods

Age, sex, preexisting comorbidities, activities of daily
living (ADL) status before hospitalization, COVID-19
vaccination history, complications during hospitalization,
cause of death categorized according to the International
Statistical Classification of Disease and Related Health
Problems (ICD-10), and clinical course were compared
and described for patients admitted to the NCGM during
the delta (July 2021-September 2021) and omicron
variant outbreak (December 2021-August 2022) periods,
who were diagnosed with SARS-CoV-2 infection based
on positive microbiological testing and subsequently
died during hospitalization.

Additionally, we classified the causes of death into
three groups: 7) respiratory failure due to pneumonia,
ii) exacerbation of preexisting comorbidities before
hospitalization, and iii) complications that occurred
during hospitalization. Clinical course descriptions of 5
representative cases are provided.

This study was reviewed and approved by the Ethics
Committee of the Center Hospital of the National Center
for Global Health and Medicine (NCGM-S-004634-00)
on the condition that a document that declares an opt-out
policy by which any patient and/or relatives could refuse
to be included in this study was uploaded on the web
page of the Center Hospital of the NCGM. The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Results

Among the patients with COVID-19 admitted during
the delta and omicron variant outbreaks, 20 and 24 died
during hospitalization, respectively. The median age
(interquartile range) was 63.0 years (55.3—-78.0) and 74.5
years (68.3-85.3), with 9 (45%) and 18 (75%) being
males, respectively. Regarding COVID-19 vaccination
history during the delta variant outbreak, 1 patient (5%)
had received 2 doses, 2 patients (10%) had received 1
dose, 13 patients (65%) had no vaccination history, and
4 patients (20%) had unknown vaccination histories
(Table 1). During the omicron variant outbreak, 4
patients (17%) had received 3 doses, 6 patients (25%)
had received two doses, 8 patients (33%) had no
vaccination history, and 6 patients (25%) had unknown
vaccination histories.

During the delta variant outbreak, cause i) respiratory
failure due to pneumoniae accounted for the death of
16 patients (80%), cause ii) exacerbation of preexisting
comorbidities before hospitalization for the death of
3 patients (15%), and cause iii) complications that
occurred during hospitalization for the death of 1 patient
(5%). However, during the omicron variant outbreak,
cause 7) respiratory failure due to pneumoniae accounted

(24)

for the death of 7 patients (29%), ii) exacerbation of
preexisting complications for 11 patients (46%), and iii)
complications during hospitalization for 6 patients (25%).
Out of the 16 patients who died due to respiratory failure
due to pneumonia during the delta variant outbreak and
7 patients during the omicron variant outbreak, chest
computed tomography (CT) scans performed at the end
of hospitalization revealed lesions primarily centered
around the bronchi and its surroundings in 1 (6%) and
4 patients (57%) in the delta variant outbreak group.
Meanwhile, lesions primarily centered around the lung
interstitium were observed in 15 (94%) and 3 (43%)
patients, respectively.

In addition to this classification of causes of death,
we summarized the age, sex, underlying comorbidities,
pre-hospitalization ADL, COVID-19 vaccination history,
complications that occurred during hospitalization, and
statistical classification of diseases, disabilities, and
causes of death (ICD-10) for each patient in Table 1 and
Table 2. In total, 5 representative cases were selected
from the 3 causes of death groups, and their clinical
courses are described below.

Case 1: Respiratory failure due to pneumonia (COVID-19
pneumonia)

A male in his 80s with a medical history of myocardial
infarction treated with percutancous coronary
intervention, type 2 diabetes, and hypertension had
trouble moving while in his home bathtub and was
urgently transported to the hospital. The patient did
not receive the COVID-19 vaccine. Upon initial
assessment, he exhibited poor oxygenation. Treatment
was initiated with high-flow nasal cannula therapy, 2 mg/
kg methylprednisolone (no remdesivir was administered
due to hepatic and renal dysfunction), heparin, and
antibiotics. On the third day in hospital, his respiratory
condition worsened, necessitating noninvasive positive
pressure ventilation (NPPV) and the initiation of
tocilizumab therapy. Despite receiving pulse therapy
with methylprednisolone at a dose of 250 mg starting on
the 11th day, the patient's symptoms did not improve,
leading to the worsening of respiratory failure on the
33rd day after death.

Case 2: Respiratory failure due to pneumonia (aspiration
pneumonia)

A male in his 90s had a history of pulmonary
emphysema, right leg block, and disuse syndrome. While
attending the day-care facility, the patient contracted
COVID-19 and was admitted on the fourth day of illness
with a diagnosis of severe COVID-19. Treatment was
initiated with remdesivir, dexamethasone, and heparin.
Due to difficulty with oral intake, the patient experienced
recurrent episodes of aspiration pneumonia after
admission. Intravenous fluid therapy was maintained, but
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Discussion

In addition to describing the clinical course of the
disease in patients, the cases were classified into
three groups based on the primary cause of death: i)
pneumonia (including COVID-19 pneumonia and
aspiration pneumonia), ii) exacerbation of preadmission
complications, and iii) complications that occurred
during hospitalization.

Deaths due to pneumonia

In total, 16/20 patients (80%) who died during the delta
variant epidemic and 7/24 patients (29%) who died
during the omicron outbreak died of pneumonia. The
pneumonia group was broadly divided into patients
with lesions mainly in the bronchi and surrounding
areas and those with lesions mainly in the pulmonary
interstitium. In typical viral pneumonia caused by SARS-
CoV-2 infection, lesions in the pulmonary interstitium
are observed on chest CT scans (5). In contrast, in
cases where lesions were found in the bronchi and
peribronchial centers, the patient likely developed
pneumonia secondary to the SARS-CoV-2 infection. The
impact of aspiration should also be considered based on
the patient's age, ADL, and underlying diseases.

Moreover, 15/20 patients who died during the delta
variant epidemic had lesions mainly in the pulmonary
interstitium, suggesting that most patients during the
delta variant epidemic died due to the progression of viral
pneumonia caused by SARS-CoV-2 infection. In animal
models, the omicron variant (B.1.1.529) was reported to
have similar nasal growth potential as the delta variant
(B.1.617.2) but lower growth potential and pathogenicity
in the lungs (6). In addition, omicron variants replicate
rapidly in human airway models and ex vivo cultures of
human bronchioles. However, their replication efficiency
is reduced in human alveolar models and ex vivo cultures
of human lungs (7). These findings indicate that omicron
variants tend to infect the upper respiratory tract rather
than the lungs, which is consistent with the results of
previous studies.

Death due to factors other than pneumonia

During the delta epidemic, 4/ 20 patients died from
causes other than pneumonia, and during the omicron
epidemic, 17/24 patients died from complications
before or during hospitalization. In both groups, the
deterioration of the general condition due to the SARS-
CoV-2 infection may have affected the disease course.

Deaths due to preexisting comorbidities
Among the patients who died from causes other than

pneumonia during the omicron variant outbreak, 11
patients (46%) died due to the exacerbation of preexisting

(29)

comorbidities, representing the highest proportion. These
cases involved patients infected with SARS-CoV-2 with
severe underlying conditions. The breakdown of these
comorbidities included 4 cases of heart failure, 4 cases
of malignancy, 1 case of hepatic dysfunction, 1 case
of renal dysfunction, and 1 case of extensive cerebral
infarction. Worsening underlying conditions, such as
cancer and cardiovascular diseases, were considered the
primary cause of death. Three deaths were attributed
to preexisting comorbidities during the delta variant
outbreak: traumatic subdural hematoma, decompensated
liver cirrhosis, and acute myocardial infarction.

From the early stages of COVID-19 to the delta
variant outbreak, pneumonia accounted for most deaths,
necessitating the establishment of facilities capable
of managing patients with severe respiratory failure.
However, during the omicron variant outbreak, infection
control measures must be prioritized for patients with
preexisting comorbidities who are at high risk of
approaching the end of life before hospital admission.

Deaths due to complications during hospitalization

Factors other than preexisting comorbidities, such as
infections, bleeding, and cardiovascular diseases, are the
main causes of death among the complications that occur
during hospitalization. During the delta variant outbreak,
1 patient died from complications that emerged during
hospitalization, and during the omicron variant outbreak,
6 patients died.

Out of the 6 patients who died from complications
during the omicron variant outbreak, 4 succumbed
to cardiovascular events. The causes of death were
hemorrhagic shock due to iliopsoas hematoma, cerebral
hemorrhage, aortic dissection, and acute myocardial
infarction. The remaining 2 patients died from acute
respiratory distress syndrome and septicemia caused by
pyelonephritis. Out of these 6 patients, 4 were completely
independent in ADL before admission, and 1 required
only mild support. No in-hospital deaths were anticipated
during admission.

During the omicron variant outbreak, patients with
COVID-19 admitted to the hospital who subsequently
died showed a notable prevalence of cardiovascular
diseases. From a wider standpoint, excess mortality from
cardiovascular diseases has been reported domestically
and internationally. Nishiura et al. (8) predicted a
significant increase in selective deaths attributed to
cardiovascular diseases and senility in Japan during
the 2022 fiscal year. Nomura ef al. (9) reported excess
mortality due to cardiovascular diseases, respiratory
diseases, malignancies, and senility in 2021. Globally,
previous reports have indicated a higher incidence of
cardiovascular complications in patients with COVID-19
(10).

COVID-19 is associated with an increased risk
of cardiovascular diseases, potentially leading to
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myocarditis, acute coronary syndrome, atherosclerosis,
heart failure, thromboembolic events, and arrhythmias.
The acute phase of COVID-19 and its long-term
effects after acute infection may contribute to increased
hospitalization and mortality rates in patients with
cardiovascular diseases (/7). A meta-analysis of 17
cohort studies involving 5815 patients showed that
the most common cardiovascular complications are
heart failure, myocardial injury, arrhythmias, and
acute coronary syndromes (/2). Even in mild cases, an
increased risk of cardiovascular diseases for up to 1 year
has been reported, with higher rates of heart failure and
stroke (3).

The findings of this study corroborate those of
previous studies from a broader perspective, indicating
the prevalence of cardiovascular complications in
COVID-19 cases. However, many aspects of COVID-19
pathogenesis remain unclear. Therefore, data that can
contribute to our understanding of the disease and excess
mortality can be obtained by collecting epidemiological
data on the causes of death, including events with unclear
associations with COVID-19. Consequently, starting
from April 2023, Japan has revised the case reporting
form for COVID-19 Registry Japan (COVIREGI-
JP) to collect detailed information on patients who
have succumbed to COVID-19, aiming to gather
comprehensive data.

In addition to the direct impact on organs caused
by COVID-19 infection, observations have pointed to
secondary changes, including disruptions in healthcare
access due to medical system breakdown and lifestyle
alterations, as contributing factors. Brant et al. (13)
reported changes in cardiovascular disease mortality rates
in 6 major cities in Brazil. Mortality rates varied, ranging
from +46.1% (Manaus) to -7.1% (Rio de Janeiro), with
more pronounced effects observed in areas where the
healthcare system serving the most socioeconomically
disadvantaged populations collapsed. In Brazil's most
affected northern region, Jardim et al. (14) estimated
a 2.5-fold excess mortality increase in cardiovascular
disease-related mortality in 2020. Several other studies
have suggested that barriers to healthcare access
contribute to increased cardiovascular diseases (75, 16).

Reports on the strain on Japanese medical
infrastructure up until the delta variant surge and the
fourth wave indicated no overwhelming numbers of
COVID-19 cases beyond the capacity of acceptance and
no depletion of medical equipment such as ventilators.
Thus, it was inferred that the Infection control team
capacity was not exceeded. However, during the fourth
wave, there were indications of excess mortality for
the first time, suggesting a potential reflection of strain
on medical institutions. Whether appropriate access
to medical facilities is sufficient during the peak of
infection spread remains unclear. During the fifth and
sixth waves, an increase in difficult cases of emergency
transport was noted alongside a rise in the number of

(30)

infected patients, pointing to the possibility of strain on
medical infrastructure (/7).

The limitations of this study were as follows. The
analysis was limited to hospitalized patients from a
single facility in Japan, making it difficult to directly
extrapolate the results to the causes and backgrounds of
COVID-19-related deaths in all patients. As we did not
observe the causes and backgrounds of the patients who
received at-home treatment, their characteristics may
differ from those of hospitalized patients. Therefore, we
plan to conduct future observational studies involving
multiple facilities. Additionally, we did not conduct
a comparison with surviving patients, and the causal
relationship between patient background and cause
of death remains unclear. Furthermore, as the period
following the omicron variant outbreak is expected to
show continued circulation of different variants, the
trends observed in this study may change under the
influence of different variants.

In conclusion, from the early stages of COVID-19
to the delta variant outbreak, numerous cases of severe
respiratory failure caused by the typical SARS-CoV-2
infection leading to viral pneumonia were reported.
Establishing medical systems capable of treating patients
with severe respiratory failure was crucial during this
period. However, during the omicron variant outbreak,
approximately two-thirds of the deceased patients at our
hospital had non-pneumonia-related conditions as the
primary cause of death, exhibiting a different clinical
profile compared with the delta variant cases.

Moving forward, we aim to adapt our medical
systems by considering these changing patient profiles
and continue to collect data at the macro level. We
hope that this study, which observed changes in the
number of deceased patients between delta and omicron
variant outbreaks, will be the starting point for further
understanding of the pathogenesis of the disease.
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Abstract: Although the initial triggers of Parkinson's disease (PD) remain largely unknown, viral infections have been
implicated in some cases. In this study, we investigated the neurological sequelae and explored the potential association
between post COVID-19 conditions and the development of Parkinson's disease-like symptoms by conducting a
questionnaire survey on patients with COVID-19. We surveyed patients who had recovered from COVID-19 and
visited the outpatient service of the institution from February 2020 to November 2021. Demographic and clinical
data and data regarding the presence and duration of post COVID-19 conditions were obtained. The most common
symptom was insomnia, experienced by 141 participants (27.9%). Bradykinesia was the next most common symptom,
experienced by 66 participants (13.1%). Moreover, 18 (3.6%) participants reported persistence for > 180 days. Notably,
the median duration of bradykinesia was 90 days. The proportions of patients with dysbasia, resting tremor, not
previously noted constipation, and somniloquy were 9.1%, 5.0%, 4.8%, and 2.8%, respectively. Few participants had
any of these symptoms lasting for more than 180 days. None of the participants was first diagnosed with PD, other
neurological diseases, or dementia after COVID-19. Longitudinal follow-up surveys are needed to better understand the
relationship between COVID-19 and PD.

Keywords: Parkinson's disease (PD), neurological Sequelae, post COVID-19 Conditions

Introduction process is associated with a characteristic prodrome (9).
Although the initial triggers of PD are largely unknown,
The Coronavirus disease 2019 (COVID-19) pandemic, viral infections have been implicated in some cases (/0).

caused by the severe acute respiratory syndrome Notably, patients developed clinical parkinsonism a few
coronavirus 2 (SARS-CoV-2), has spread worldwide weeks after contracting COVID-19 (//-13).

since early 2020 (/). Approximately 10-20% of people One of the well-known sequelae of COVID-19
experience various mid- and long-term effects after is dysosmia, which is an early symptom in the onset
recovering from COVID-19 (2). Notably, the sequelae of PD (/4). We hypothesized that COVID-19 might
of COVID-19 are known as post COVID-19 conditions. trigger the onset of PD. In this study, we investigated

Frequent symptoms of post COVID-19 conditions the neurological sequelae and the potential association
include fatigue, cough, and dysosmia; however, multiple between post COVID-19 conditions and development
symptoms often overlap and persist (3-6). Furthermore, of Parkinson's disease-like symptoms by conducting a

post COVID-19 is known to affect neurological and questionnaire survey on patients with COVID-19.
motor functions, and myalgic encephalomyelitis/

chronic fatigue syndrome occurs in the nervous system Patients and Methods

after recovery from COVID-19 (7). A recent study

demonstrated that SARS-CoV-2 infection may lead to This study was designed as a single-center, cross-
cognitive decline and brain atrophy including olfactory sectional survey in which a self-reported, online, or
pathways (8), further highlighting the association paper-based questionnaire was sent to eligible patients in
between COVID-19 and neurodegenerative disorders. February 2022 without reminders (4). Participation in this

Parkinson's disease (PD), a progressive neurodegenerative survey was voluntary, but not anonymous. Participants
disorder, is characterized by a range of motor and non- who recovered from COVID-19 were requested to
motor symptoms. Importantly, years or even decades complete and return the questionnaire. Informed
before the onset of the typical motor symptoms, the PD consent was obtained through a consent checkbox,

(32)
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either online or via a paper-based questionnaire. The
study was reviewed and approved by the institutional
ethics committee, specifically the Ethics Committee
of National Center for Global Health and Medicine
(NCGM) (NCGM-S-004406-00). Furthermore, the study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Patients who recovered from COVID-19 and
visited the outpatient service of the institution between
February 2020 and November 2021 to undergo a pre-
donation screening test for COVID-19 convalescent
plasmapheresis were recruited (/5). Most participants
had received acute-phase treatment for COVID-19 in
other hospitals. Furthermore, all participants in this study
were Japanese, as the screening test was specifically
designed for Japanese patients.

We developed a questionnaire based on findings
from our previous study on prolonged- and late-onset
symptoms of COVID-19 and comprehensive discussions
among the authors. Moreover, we attempted to minimize
the number of questions required to maximize the
response rate. Five nonmedical employees of NCGM
were included in the pilot study and provided feedback
on the items' content, clarity, and format and whether the
survey questions were self-explanatory. Minor revisions
were made in response to the feedback.

Patient characteristics were investigated, including
information regarding the acute phase of COVID-19
and the presence and duration of symptoms related
to COVID-19. Disease severity was categorized as
follows: mild, requiring no oxygen therapy; moderate,
necessitating oxygen therapy but not mechanical
ventilation; and severe, involving mechanical ventilation
with or without extracorporeal membrane oxygenation.
Post-acute phase symptoms related to PD included
insomnia, somniloquy (Rapid eye movement sleep
behavior disorder [RBD] like symptoms), resting
tremors, bradykinesia, dysbasia, and not previously
noted constipation. This information was obtained using
an online/paper-based questionnaire, as it was difficult to
obtain this information from medical records, given that
many participants in this study were treated for the acute
phase of COVID-19 at other hospitals.

Patient characteristics, the presence of pneumonia,
disease severity, and treatments administered during
the acute phase of COVID-19 were described using the
median and interquartile range for continuous variables
and as absolute values (n) accompanied by percentages
(%) for categorical variables.

The proportions of patients with prolonged
symptoms, those with symptoms lasting for at least 30
days within 180 days of symptom onset, and those with
symptoms lasting beyond 180 days were described.

Results and Discussion

A total of 505 responses were obtained. All patients

were diagnosed with COVID-19 between February
2020 and December 2021. The median number of
days (interquartile range) from COVID-19 diagnosis
to completion of the questionnaire survey was 392
(243-473 days). Moreover, the median age of the
participants was 48 years, and 59.6% were women.
Notably, all participants were Japanese. In terms of
disease severity, 393 (77.8%), 58 (11.5%), and 5 (1.0%)
participants had mild, moderate, and severe disease,
respectively. Furthermore, 59 (11.7%) patients received
corticosteroids, and 57 (11.3%) received antivirals. A
total of 237 (46.9%) participants had no underlying
medical conditions. Only one participant reported an
underlying neurological disease (Table 1).

The most common symptom was insomnia,
experienced by 141 participants (27.9%). However,
none of the participants reported that it persisted
for more than 180 days, with a median duration of
insomnia of 45 days. Bradykinesia was the next most
common symptom, experienced by 66 participants
(13.1%). Additionally, 18 (3.6%) patients reported
persistence for > 180 days; the median duration of
bradykinesia was 90 days. The proportions of patients

Table 1. Demographic and clinical characteristics of the
participants (rn = 505)

Characteristics Value

Age, median (IQR), years 48.0 (42.0, 55.0)

Female sex, n (%) 301 (59.6)
Ethnicity, n (%)
Japanese 505 (100)

Timing of the interview
Days since symptom diagnosis of
COVID-19, median (IQR)

392 (243, 473)

Individual comorbidity, n (%)

No underlying medical conditions 237 (46.9)
Hypertension 70 (14.9)
Bronchial asthma 69 (14.7)
Dyslipidemia 59 (12.6)
Diabetes 19 (4.1)
Malignancy 13 (2.6)
Connective tissue disease 4(0.8)
Chronic kidney disease 3(0.6)
Immunodeficiency 2(0.4)
Neurological disease 1(0.2)

Highest severity during clinical course of

COVID-19
Mild 393 (77.8)
Moderate 58 (11.5)
Severe 5(1.0)
Unknown 49 (9.7)

Pharmacological treatments
Antiviral 57 (11.3)
Corticosteroids 59 (11.7)
Casirivimab/ imdevimab 4(0.8)
Sotrovimab 4(0.8)
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with dysbasia, resting tremor, not previously noted
constipation, and somniloquy were 9.1%, 5.0%, 4.8%,
and 2.8%, respectively. Notably, few participants had
any of these symptoms lasting for more than 180 days.
Finally, none of the participants was first diagnosed
with PD, other neurological diseases, or dementia after
COVID-19 (Table 2).

Direct tissue damage by SARS-CoV-2 infection,
constitutive inflammatory responses including
autoimmunity, and psychiatric impairment have
been suggested as underlying etiologies of long
COVID-19 (16). Furthermore, it has already been
reported that COVID-19 exacerbates motor function
and neurological deficits in existing patients with
PD and causes new symptoms (/7). Specifically, it is
thought that the insufficient response to dopaminergic
drugs after infection altered transport of dopaminergic
drugs through the blood-brain barrier (BBB) after
systemic infection, and altered dopamine metabolism
and receptor signaling are due to the response to
proinflammatory cytokines (/8). Another possibility
is that extracerebral inflammatory processes can
exacerbate pre-existing neuroinflammatory processes
(19). Moreover, COVID-19 may indirectly influence
symptoms in PD through factors such as substantial
changes in routine life, social isolation, stress, anxiety,
and prolonged immobility (20). However, the causal
relationship between COVID-19 and the onset of PD
and the mechanism by which COVID-19 triggers
neurodegeneration remain determined (/8). Importantly,
studies on the risk of developing PD have shown that
patients with viral or bacterial infections have a 20%
higher risk of developing PD than controls do (27), and
COVID-19 may be involved in developing PD.

SARS-CoV-2 enters the brain through the
olfactory bulb, axonal transport from peripheral
nerves, and hematogenous pathways through the BBB
(22). Post-infection, immune-mediated processes
play an important role in the development of PD
(23). Interestingly, 13.1% of the participants in this
study reported bradykinesia, and 3.6% reported that
their symptoms persisted for more than 180 days.
Bradykinesia emerged as a distinct long-term sequela,

in contrast to other items in the study, which few
participants reported as persisting beyond 180 days.
While the direct relationship between bradykinesia
and early symptoms of PD remains unclear, such
manifestation may be a transient symptom of disuse
and muscle weakness linked to COVID-19. Notably,
all participants who reported dysbasia improved within
the 180-day timeframe. Therefore, bradykinesia is
considered a significant symptom of post-COVID-19,
and continued follow-up is recommended.

Olfactory dysfunction is an early and sensitive
marker of the preclinical phase of PD (/4). a-synuclein
pathology in PD is thought to originate from enteric or
peripheral autonomic nervous system, or brain regions
such as olfactory bulb and amygdala (24). In a prior
study, 57.8% of COVID-19 patients reported olfactory
disturbances; notably, 20.1% of these persisted for
several months, and 10.3% continued for more than a
year. Although olfactory disturbances are a frequent
sequela of COVID-19, none of the patients in this
study developed PD after contracting COVID-19. One
reason is that this study's median period from onset to
investigation was as short as 392 days, which was not
long enough to lead to PD onset. Notably, previous
studies examining the association between viral
infections and the development of PD have reported
that a period of 5-10 years after infection is associated
with the development of PD (25).

This study had some limitations. First, there may
be recall bias because the questionnaire survey was
conducted on subjects who had been infected with
COVID-19 for some time. Second, the participants may
have reported resting tremors that they confused with
COVID-19 chills. Third, difficulties in walking and
movement may be caused by disuse after contracting
COVID-19. Fourth, the period from the onset of
COVID-19 to the investigation was short, and the time
to the onset of PD may have been too short. COVID-19
is a disease with rising prevalence globally. It should
also be noted that the questionnaire survey used in this
study, which asked about subjective symptoms, is not
a diagnostic criterion for PD on its own. The Japanese
Ministry of Health, Labour and Welfare defines

Table 2. Number of participants with post-acute COVID-19 symptoms and the persistence of symptoms

. . Number of . Lasting at least 30 . Duration of
Number of patients with the patients with the Lasting less than days within 180 days Lasting more than symptoms in days
symptom (%) symptom (%) 30 days (%) since the onset (%) 180 days (%) (median, IQR)
Insomnia 141 (27.9) 115 (22.8) 10 (2.0) 0(0) 45 (10,255)
Bradykinesia 66 (13.1) 22 (4.4) 21 (4.2) 18 (3.6) 90 (30,255)
Dysbasia 46 (9.1) 40 (7.9) 4(0.8) 0 (0) 90 (14,240)
Rest tremor 25(5.0) 22 (4.4) 2(0.4) 0(0) 30 (9, 90)
Not previously noted constipation 24 (4.8) 17 (3.4) 4(0.8) 1(0.2) 30 (14,270)
Somniloquy 14 (2.8) 10 (2.0) 1(0.2) 0 (0) 7 (7, 180)
First diagnosed with Parkinson's 0(0.0) - - - -

disease or other neurological
disease or dementia

(34
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diagnostic criteria include the presence of parkinsonism,
absence of specific abnormalities on the head computed
tomography or magnetic resonance imaging, absence
of exposure to drugs or toxic substances that cause
parkinsonism, and improvement of parkinsonism with
antiparkinsonian drugs (26). Dopamine transporter
positron emission tomography (PET) data or dopamine
receptor PET data, and a more commonly used tool
such as the unified parkinson's disease rating scale is
also useful for diagnosis. Therefore, it is necessary to
conduct a follow-up survey to determine whether the
number of patients with PD will increase.

Conclusion

In this study, none of the patients developed PD after
COVID-19 infection. Long-term follow-up with more
patients may clarify the relationship between COVID-19
and PD. Therefore, longitudinal follow-up surveys are
warranted to better understand the relationship between
COVID-19 and PD.
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Abstract: In steroidogenic tissues, a novel class of angiogenic molecules known as endocrine gland-derived vascular
endothelial growth factors (EG-VEGF)/prokineticins are primarily produced. Here, we investigated how EG-VEGF/
PROK1, a member of PROKs family, and its receptor are able to affect cellular motility in both non-neoplastic and
cancerous human prostate cells. Using Western blot and motility test studies, EPN cells, a non-transformed cell line
and Cancer Epithelial Prostatic Cells (CEPC) were employed as cellular models in the current investigation. Western
blot examination of EPN normal prostate cells treated with EG-VEGF/PROKI revealed that ERK1/2 was rapidly
phosphorylated within 5, 10, and 20 minutes, while CEPC had high and sustained ERK1/2 activity at the same periods.
Then, compared to normal EPN prostate cells, CEPC treated with EG-VEGF/PROKI1 for up to 72 hours demonstrated
enhanced cell motility. Based on our findings, EG-VEGF/PROK1 may play a role in prostate cancer progression
by controlling angiogenesis and the motility of metastatic cells in CEPC cells, likely as a consequence of ERK1/2
activation, as contrasted to EPN normal prostate cells.

Keywords: prostate cancer, EG-VEGF, EPN, CEPC, ERK1/2

Introduction unrelated to VEGF and have 10 cysteine residues
in the same places in all family members, control a
Angiogenesis plays a crucial role in the development, variety of biological processes in steroidogenic and

invasion, and metastasis of various cancers, including non-steroidogenic tissues, including smooth muscle
prostate cancer (/,2). Creating new microvascular contraction and, in particular, angiogenesis.

endothelium is crucial for optimal prostate development, G-protein-coupled receptors recently discovered and
in fact (3,4). A link between the hormonal regulation of given the names PROK-R1 and PROK-R2 (/7-13) carry
prostate tissue and angiogenesis caused by the paracrine out the physiological actions of PROK1 and PROK2.

actions of endothelial cells has been proposed. Prostate Recombinant PROKSs in nanomolar concentrations bind
cells generate a number of angiogenic substances, to and activate these receptors. In accordance with the
including vascular endothelial growth factor (VEGF). effects of PROKs on smooth muscle contraction and
The majority of prostate cancers have been shown to angiogenesis (//-13), activation of PROK-R causes
have higher VEGF levels and microvessel density, calcium mobilization, stimulation of phosphoinositide
both of which are associated with a worse prognosis turnover, and activation of ERK1/2 pathways. The
(4-8). Two novel endocrine gland-derived vascular overexpression of PROKI1 in a colorectal cancer cell
angiogenic factors (EG-VEGF)/prokineticin-1 (PROK1) line has recently been shown to cause angiogenesis and

and prokineticin-2 (PROK2) that specifically affect tumor growth after injection in a nude mouse model
endothelial cells (EC), have recently been identified (14). Contrarily, PROK1 expression was diminished in
(9). PROKI is similar to Prokl, a previously cloned advanced ovarian cancer but was still seen in the early
mammalian ortholog of mamba intestinal toxin- stages of this illness (/5), but its expression was typically
1(MIT-1) (10). However, other EC types, such as those undetectable in endometrial carcinoma (/6,17). In order
derived from the aorta, umbilical vein, and dermis, are to assess the possible contribution of this factor to human
not affected by PROK1 and PROK2, which induce prostate cancer, we examined the effects of PROK1 on
proliferation and migration of EC derived from adrenal ERK1/2 activation and cellular motility in normal and
capillaries (/7-13). These peptides, which are structurally malignant human prostate cells.

(37)
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Materials and Methods
Prostate cell lines and primary prostate cell cultures

Different centrifugations of minced and prostatic tissues
treated with collagenase (Collagenase IV, Gibco-BRL,
Milan, Italy, 10 mg/mL) separated cancer epithelial
prostatic cells (CEPC). The CEPC were plated on
keratinocyte-SFM (KFSM) medium from Gibco-BRL in
Milan, Italy, which also included 5% fetal bovine serum
(FBS), bovine pituitary extract (10 mg/mL), epidermal
growth factor (10 ng/mL), cholera toxin (10 ng/mL),
and antibiotics (fungizone and penicillin-streptomycin).
After EDTA-trypsin treatment, cultures were separated
and utilized at first passage at confluence. According
to previously documented techniques (/8,19),
the epithelial type was determined if cytokeratin
immunostaining was positive in almost all of the cells.
The high expression of the proliferative antigen Ki67
and, more specifically, the high expression of mutated
p53 protein, as shown by immunoreactivity with the
monoclonal antibodies clone Ki-67 (DAKO, Milan,
Italy) and Pab 240 (Serotec, Delta Biological, Italy),
respectively, confirmed the malignant nature of cells
derived from prostate carcinomas. The experimental
methods were performed at least three times with four
cell strains taken from CEPC. Our group (/9) identified
and characterized a non-transformed cell line known as
EPN cells, which were grown in HAM-F12 enriched
with 3% FBS and antibiotics (fungizone and penicillin-
streptomycin). Every culture was kept alive at 37°C in
a humidified 5% CO, environment.

Western blot analysis and protein extraction

Samples of prostate cells were homogenized directly
into the lysis buffer, which contains the following
ingredients: 50 mM HEPES, 150 mM NaCL, 1 mM
EDTA, 1 mM EGTA, 10% glycerol, 1% Triton-X-100,
1 mM phenylmethylsulfonyl fluoride, 1 mg aprotinin,
0.5 mM sodium orthovanadate, and 20 mM sodium
pyrophosphate. Centrifugation was used to clarify the
lysates at a rate of 14,000 x 10 min. The amount of
protein was determined using a Bio-Rad test (Bio-Rad,
Miinchen, Germany), and it was then boiled for five
minutes in Laemmli buffer (Tris-HCI] pH 6.8, 0.125 M,
SDS 4%, glycerol 20%, 2-mercaptoethanol 10%, and
bromophenol blue 0.002%), as previously reported (/9-
25). Proteins were exposed to reducing conditions SDS-
PAGE (15% polyacrylamide). Using pre-stained protein
standards, the full transfer of proteins to nitrocellulose
membranes (Immobilon Millipore Corporation) during
electrophoresis was determined (Bio-Rad, Hercules,
CA). The membrane was incubated with the primary
antibody against ERK1 (1:1,000; #sc-94-G, Santa Cruz
Biotechnology Inc., Santa Cruz, CA) and P-ERK1 for
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1 h after blocking with TBS-BSA (25 mM Tris, pH 7.4,
200 mM NaCL, 5% bovine serum albumin), at room
temperature. After 45 minutes at room temperature,
membranes were treated with the horseradish peroxidase-
conjugated secondary antibody (1:4,000), and an ECL
system was used to monitor the response (Amersham
Life Science, UK).

Wound recovery

Confluent cells were cultivated in KSFM containing
3% FCS before being maintained for 48 hours in serum-
free media. In order to lower the content of endogenous
steroids, the monolayers were scraped with a sterile,
disposable 200 pL plastic pipette tip and then treated
with KSFM, KSFM added with 5% charcoal-treated
FCS (5% DCC), or 3% FCS. Then, monolayers were
captured at various time frames via photography (24 h).
The shown figure is representative of three independent
assays.

PCR

As previously disclosed (26), reverse transcriptase-
polymerase chain reaction (RT-PCR) RNAs were
reverse transcribed using 5 pg of total RNA (25). We
performed an RNA transcription without the use of
reverse transcriptase to generate a negative control for
the amplification reactions. A total of 50 pL of cDNA
(400 ng) amplified using RT of RNAs was mixed with
10 mmol Tris-HCI, 1.5 mmol MgCl2, 50 mmol KCI (pH
8.3), and 100 ng 5'-3' end primers. 35 cycles of 94°C for
30 sec, 60°C for 30 sec, and 72°C for 90 sec each made
up the PCR conditions. In a semiquantitative PCR, these
genes were amplified using glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (22 cycles) as previously
reported to assess the variability in the expression of
PROKI1 and PROK-R1 (25). For GAPDH, we employed
oligonucleotide sequences (25). Additionally, we utilized
the following primers: PROK-R1 sense (5'-GCG GCA
TTG GAA ACT TCA-3") and antisense (5'-GGC CCA
CGA ATT CTA TGC C-3") for PROK-R1and PROK1
sense (5'-CGC GAG TCT CAA TCA TGC TCC T-3")
and PROKI1 antisense (5'-GGC AAG GCG CTA AAA
ATT GAT G-3"). After that, PCR products were separated
using a 100-bp DNA ladder from Life Technologies as
a size marker on a 1.2% agarose gel that also included
ethidium bromide.

Statistic evaluation

The results, which came from at least three different
experiments with each point carried out in triplicate,
were presented as mean + SE (standard error of the
mean). The analysis of variance was used to compare the
means.
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Results and Discussion

Both non-neoplastic and cancerous epithelial prostate
cells express PROK1 and PROK-RI1. In order to
determine how these genes are expressed in CEPC
primary cultures and the EPN cell line, we used
semiquantitative RT-PCR. EPN and CEPC both
contained the mRNAs for PROK1 and PROK-R1 (Figure
1A).

Cultures of EPN and malignant (CEPC) human
prostate cells, fasted for 48 h and maintained in 0.5%
FCS, were treated with 40 nM PROKI1 to see whether
it activated the ERK1/2 pathway. Then, in cell lysates
made after 5, 10, and 20 min of treatment, Western blot
analyses were performed to confirm that ERK1/2 was
activated. Figure 1B demonstrates that within 5 min,
PROKI1 produced a fast phosphorylation of Erk1/2 in
EPN cells, which persisted for up to 20 min. After 5
minutes, PROK1 also significantly enhanced ERK1/2
phosphorylation in CEPC cultures, however unlike
in normal cells, the elevated phosphorylation levels
were greater than in the normal EPN cell line (Figure
1C). Since there was no change in the ERK1/2 protein,
staining with anti-Erk1/2 and anti-phospho-Thr/Tyr
antibodies demonstrated that the action of PROK1 on
ERK1/2 was caused by phosphorylation of the enzyme
rather than an increase in ERK1/2 expression (Figure
10).

We examined the role of PROKI in the control
of prostate epithelial cells' motility using a wound-
healing experiment in EPN and CEPC cells. Before
being scraped and thereafter being stimulated with FCS,
confluent cell monolayers were kept in serum-free media
for 48 hours. Cell motility in CEPC cells was higher
than in EPN cells after 15 hours of serum administration.
Contrarily, when cells were kept in serum-free media,
neither EPN nor CEPC showed much evidence of cell
motility (Figure 1, D and E). Contrary to what may be
expected, the scrape wound persisted in the monolayer of
EPN cells for 24 hours after PROK1 (40 nM) was added
to the CEPC cells (Figure 1, D and E). Few CEPC cells
began to migrate from the wound's edges in the absence
of serum, while EPN cells remained stationary.

Earlier, we reported that whereas PROK 1 expression
is scarcely perceptible in the non-neoplastic human
prostate, it is significantly increased in prostate cancer.
We specifically demonstrated the expression of PROK1
by prostate epithelial cells and the association between
expression levels and Gleason scores (25). Additionally,
we discovered that the amount of the PROK1 protein
increased significantly and steadily as the grade of the
prostate cancer increased from low to medium to high,
showing the significance and specificity of PROKs as
predictive biomarkers for prostate cancer progression
(25). Further evidence that PROKs may directly affect
epithelial cells comes from the finding of EG-VEGF
receptor (PROK-R1) transcripts in both normal (EPN)
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Figure 1. PROK1 activity in prostate-derived cell models.
(A) GAPDH, PROKI1, and PROK-R1 primers were used to
reverse transcribe and amplify total RNA, respectively. PCR
results were run through a 1.2% agarose gel electrophoresis,
stained with ethidium bromide, and then captured on camera.
Using GAPDH as an internal reference, semiquantitative
RT-PCR was used to ascertain the mRNA levels of PROKI,
PROK-R1. PCR results were run through a 1.2% agarose
gel electrophoresis, stained with ethidium bromide, and then
captured on camera. 40 nM PROK1 was applied to EPN (B)
and CEPC (C) for the specified durations. Lower panels of
(B) and (C) show blots with antibodies against Erk1/2 protein,
whereas the top panels of (B) and (C) display blots treated
with antibodies raised against phospho-Erk1/2. There are two
distinct bands at 44 and 42 kDa. Three different experiments
are shown by the blots. EPN (D) and CEPC (E) were damaged
while serum-starved, cultured in KSFM (SF), and KSFM was
subsequently supplemented with 40 nM of PROK1. After 24
hours of therapy, the morphology of cell motility is shown.

and cancerous (CEPC) prostate cells (25). The biological
foundation of tumor angiogenesis has long piqued
researchers' curiosity in cancer. Blood vessel changes are
associated with abnormal pathways, apoptosis, androgen
receptor signalling, signal transduction, cytokines, and
cell adhesion molecules. The VEGF pathway is one of
the main regulators of this process. This element, which
is widely expressed in both non-neoplastic and cancerous
tissues, is primarily accountable for the formation and
upkeep of the aberrant tumor vascular network. Current
preclinical and clinical investigations in cancer on
the suppression of the VEGF pathway were inspired
by these findings. Anti-VEGF medication has extra
systemic consequences, such as causing endothelial cell
death and altering the functioning of the vascular bed,
despite the fact that it may have antiangiogenic qualities
and seem promising. LeCouter et al. discovery's of
the EG-VEGF gene, a novel angiogenic agent mostly
produced in endocrine cells that specifically works on
the endothelium of endocrine gland cells, has opened up
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new perspectives on the pathogenesis and treatment of
endocrine-related tumors (9). In fact, the discovery of
angiogenic tissue-selective factors may open the door
to tissue-specific angiogenic treatments with minimal
systemic side effects. The fundamental reason for
the divergence between EG-VEGF and VEGF is the
selectivity of expression region. In actuality, PROK1
is only present in cells that produce hormones, such as
those in the ovaries, testes, and adrenal gland (9,27-
29). About how PROKSs are expressed in cancerous
tissues, not much is known. Recent research showed
that colorectal cancer cells