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ABSTRACT

Aims: Severe acute respiratory syndrome coro-
navirus type 2 (SARS-COV-2) infection may
increase the risk of developing dangerous
symptoms among the elderly with underlying
medical conditions. The aim of this study was to
evaluate the safety and immunogenicity of the
SARS-CoV-2 inactivated vaccine (Vero) in
patients over 60 years of age with hypertension
and/or diabetes.
Methods: An open-label, multi-center,
prospective clinical trial was conducted at three
medical sites in Fujian, China. Participants aged
60 years and above with hypertension, diabetes,

and healthy controls were included in four
groups: hypertension, diabetes, combined dis-
ease, and healthy controls. Volunteers received
two doses of the inactivated SARS-COV-2 vac-
cine (BBIBP-CorV) on days 0 and 21. Adverse
events were recorded for 21 days after each
dose. Blood samples were taken before the first
vaccination and 28 days after the second vacci-
nation to detect the serum conversion rate and
geometric mean titer (GMT) of neutralizing
antibodies.
Results: A total of 480 participants (110
hypertension, 110 diabetes, 100 combined
hypertension and diabetes, and 160 healthy
controls) were recruited. The incidences of
adverse events in the four groups were 10 (9.1%)
in the hypertension group, 19 (17.3%) in the
diabetes group, 11 (11.0%) in the combined
disease group, and 11 (6.9%) in healthy con-
trols, with no statistical significance (P[0.05).
At 28 days after the second vaccination, the
positive conversion rates of serum neutralizing
antibody in the four groups were 97.3%(107/
110), 97.3% (107/110), 100.0% (99/99),and
98.7%(155/157), respectively, and the GMTs
were 75.28 (95% CI 64.03–88.50), 69.4 (95% CI
59–81.63), 77.21 (95% CI 66.68–89.41), and
78.64 (95% CI 69.87–88.50), respectively. There
was no significant difference in neutralizing
antibody responses among the four groups
(P[0.05). Additionally, the GMT after immu-
nization was higher in females than in males
(OR = 2.59, 95% CI 1.31–5.12).
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Conclusions: The BBIBP-CorV vaccine is safe
and elicits an adequate antibody response in
patients over 60 years of age with hypertension
and/or diabetes.
Trial Registration: ClinicalTrials.gov identifier,
NCT05065879.
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Key Summary Points

Why carry out this study?

Owing to the possible weaker immune
response in patients over 60 years old and
higher risk for SARS-COV-2 infection
among patients with chronic diseases, it is
essential to evaluate the immunogenicity
and safety of the SARS-COV-2 vaccines
specifically in patients with hypertension
and/or diabetes over 60 years old. There
are insufficient data on the
immunogenicity and safety of the
vaccine.

This study aims to evaluate the post-
vaccination immunogenicity and safety of
an inactivated SARS-CoV-2 vaccine in this
specific group of people.

What was learned from the study?

The results of our study showed no
significant differences in the positive
conversion rate of neutralizing antibodies,
post-vaccination GMT, or incidence of
adverse reactions among the four groups
(hypertension, diabetes, combined
disease, and healthy control).

The inactivated SARS-CoV-2 vaccine is safe
in patients over 60 years of age with
hypertension and/or diabetes,
and elicits an adequate antibody response.

INTRODUCTION

In early 2020, coronavirus disease 2019
(COVID-19) rapidly spread across the world. Up
to 7 April 2022, COVID-19 has infected more
than 492 million people worldwide, resulting in
6.15 million deaths [1]. The World Health
Organization (WHO) has declared COVID-19 a
global pandemic [2]. Vaccination, as a means of
disease prevention, can effectively interrupt the
epidemic of SARS-COV-2 [3]. A number of
COVID-19 vaccines produced by different
technologies have been reported in various
clinical studies [4–7] and approved for use
worldwide.

WHO has added China’s two inactivated
SARS-CoV-2 vaccines (Beijing Institute of Bio-
logical Products Co. Ltd. and Sinovac Life Sci-
ences Co. Ltd.) with good safety and
immunogenicity [8–12] to its emergency use
list. However, there is insufficient evidence on
the safety and efficacy of COVID-19 vaccines in
elderly people with chronic diseases. To further
expand vaccination coverage and build the herd
immunity of the population, it is necessary to
vaccinate the elderly and patients with preex-
isting chronic disease. WHO reported that an
estimated 1.28 billion people worldwide have
been diagnosed with hypertension [13], and the
number of people with diabetes rose from 108
million in 1980 to 422 million in 2014 [14]. The
prevalence of diabetes among Chinese adults
reached 12.4% in 2018 [15]. An analysis of
hospitalized SARS-COV-2 infections in China
showed that 16.9% of the total patients were
associated with hypertension and 8.2% with
diabetes. Among patients with critical illness,
the proportion of patients with hypertension
and diabetes increased to 40.5% and 23.7%,
respectively [16]. Recently, the fifth wave of
COVID-19 in Hong Kong gave us a lesson about
protecting the vulnerable population aged over
60 years against SARS-COV-2 with effective
vaccines [17]. People with underlying diseases
such as hypertension, diabetes, or cardiovascu-
lar disease are more likely to develop severe
disease or even death when infected with SARS-
COV-2 [18–20].
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This study aimed to further guide patients
over 60 years old with hypertension and dia-
betes to get vaccinated by exploring the safety
and immunogenicity of the inactivated SARS-
CoV-2 vaccine (Beijing Institute of Biological
Products Co. Ltd.) in these specific groups.

METHODS

Study Design

An open-label, multi-center, nonrandomized
prospective clinical trial was conducted at three
medical sites in Quanzhou and Sanming cities,
Fujian Province, China. The safety and
immunogenicity of two doses of inactivated
SARS-CoV-2 vaccine (BBIBP-CorV, Beijing
Institute of Biological Products Co. Ltd.) were
evaluated in people aged over 60 years of age
with hypertension or diabetes or both, and
healthy controls (in this study, healthy controls
are defined as participants who were not diag-
nosed with hypertension and/or diabetes by
medical institutions). This study was conducted
in accordance with the Declaration of Helsinki
of 1964, as revised in 2013. The study protocol
and informed consent were approved by the
Ethics Committee of Fujian Provincial Center
for Disease Control and Prevention
(FJCDCIRB2021-005). Recruitment for the study
began on 15 October 2021, and follow-up was
completed on 30 January 2022. Written
informed consent were obtained from all par-
ticipants prior to enrollment. The trial was reg-
istered at ClinicalTrials.gov, NCT05065879.

Based on the results of a previous study, the
seroconversion rate for people aged C 60 years
was 92% [11]. The sample size was calculated
with the seroconversion rate of serum antibody
of 92%, a two-sided test level a of 0.05 and a
statistical power 1-b of 0.80. The sample size
estimation was a minimum of 89 in each group.
The total number of participants in this study
was 480.

Inclusion Criteria

Individuals aged 60 years and older, with
hypertension (blood pressure on the day of
vaccination should be\160 mmHg systolic
and\ 100 mmHg diastolic) and/or diabetes
(fasting blood glucose value on the day or
within the previous 3 days of vaccination
should be B 13.9 mmol/L). We recruited 110
patients with hypertension (hypertension
group), 110 patients with diabetes (diabetes
group), 100 patients with hypertension and
diabetes (combined disease group), and 160
elderly people without diabetes or hypertension
(healthy controls). Patients with hyperten-
sion/diabetes needed to be diagnosed by pri-
mary healthcare facilities or medical
institutions. Only patients with type 2 diabetes
were included in the study. We measured blood
pressure and did a 2-h oral glucose tolerance test
(OGTT) daily 3 days before vaccination to
exclude hypertension and/or diabetes in heal-
thy controls.

Exclusion criteria

The exclusion criteria were as follows: have
been diagnosed or asymptomatically infected
with COVID-19; had a history of SARS-CoV-2
vaccination; were known to be allergic to any
component (including excipients) contained in
the vaccine; had received injection of non-
specific immunoglobulin within 1 month prior
to enrollment; received other vaccines within
14 days prior to vaccination; had severe allergic
reaction to vaccine (e.g., acute allergic reaction,
urticaria, angioneurotic edema, respiratory dis-
tress, etc.); and had uncontrolled epilepsy or
other progressive neurological disorders, or had
a history of Guillain–Barre syndrome, etc.

Procedures

Participants received two doses of the inacti-
vated SARS-CoV-2 vaccine (Vero) in the deltoid
muscle of the upper arm (0.5 ml, containing
SARS-CoV-2 antigen 6.5 U) on days 0 and 21. All
vaccines were in the same batch (batch number
2021050799). Blood samples were collected
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before the first vaccination (baseline) and
28 days after the second vaccination to evaluate
the SARS-CoV-2 neutralizing antibody titers.
Study data including baseline characteristics
(gender, age, ethnicity, study site, etc.) and
adverse events were recorded in the case report
form (CRF).

Safety Assessment

Participants actively recorded the occurrence of
any adverse event within 0–21 days after each
dose of the vaccination. Solicited adverse events
included local adverse events (soreness, hard-
ness, swelling, rash, redness, pruritus, ery-
thema) and systemic adverse events [fever,
dizziness, headache, cough, fatigue, nausea,
vomiting, chest tightness, diarrhea, constipa-
tion, dysphagia, anorexia, muscle pain (non-
injection site), arthralgia, dyspnoea, non-injec-
tion site pruritus (no skin lesions), skin mucosal
abnormalities, acute allergic reactions, facial
nerve symptoms]. Adverse events were classified
as mild (grade 1), moderate (grade 2), severe
(grade 3), life-threatening (grade 4), or death
(grade 5), according to the Guidelines for
Adverse Event Classification Standards for
Clinical Trials of Preventive Vaccines [21]. To
correctly collect information about adverse
events, participants were given instructions
about filing information truthfully and ade-
quately during observation periods following
vaccination.

Antibody Test

Blood samples were collected before the first
dose and 28 days after the second dose. About
5 ml of venous blood was collected each time,
and the serum was separated for detection of
SARS-COV-2 neutralizing antibodies. The serum
antibody levels were tested using a plaque
reduction neutralization test at the National
Institute for Viral Disease Control and Preven-
tion, China CDC. Detailed methods for the
SARS-CoV-2 neutralizing assay are as follows:
serum samples were measured by neutralization
capacity testing using infectious SARS-CoV-2
virus [strain 19nCoVCDC-Tan-Strain04 (QD01)]

by the 50% cell culture infectious dose. Serum
was successively diluted 1:4 to the required
concentration by a twofold series, and an equal
volume of challenge virus solution was added.
After neutralization in a 37 �C incubator for 2 h,
a 1.0–2.5 9 105/ml cell suspension was added to
the wells (0.1 m per well) and cultured in a CO2

incubator at 37 �C for 4 days. Titers were
expressed as the reciprocal of the highest dilu-
tion protecting 50% of cells from virus chal-
lenge. Convalescent sera were included as an
internal positive control in every assay. A posi-
tive antibody response (seroconversion) was
defined as: if the neutralizing antibody titer was
less than 1:4 at baseline, the neutralizing anti-
body titer was at least 1:16 at 28 days after
vaccination; or if the neutralizing antibody titer
was at least 1:4 at baseline, the titer increased at
least fourfold at 28 days after vaccination com-
pared with baseline [22].

Outcomes

The primary immunogenicity indicators were
seroconversion rates and GMT of SARS-COV-2
neutralizing antibodies at day 28 after the sec-
ond dose of vaccine in per protocol (PP) popu-
lation (n = 476), who had a negative sero-
response at day 0 and completed the full course
of vaccination. The primary safety outcome was
the incidence of adverse events within 21 days
after each dose of vaccination among all par-
ticipants [safety population; intention to treat
(ITT) population, n = 480], who received at least
one dose of the study vaccine (Fig. 1).

Statistical Analysis

Categorical variables are displayed as the num-
ber and percentages. Numerical variables are
displayed as mean and standard deviation
(normal distribution) or median interquartile
ranges (non-normal distribution). SARS-COV-2
neutralizing antibody levels are displayed in
GMT and 95% confidence intervals (CI). After
logarithmic transformation of GMT, analysis of
variance (ANOVA) or Kruskal–Wallis test were
used to explore the differences of neutralizing
antibody levels among different groups.
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Pearson’s chi-squared test or Fisher’s exact test
were used to assess the differences among
groups for categorical variables. The level of
neutralizing antibodies was transformed into
categorical variables (GMT C 32) before regres-
sion analysis was performed. The influence
factors of neutralizing antibody level of SARS-
COV-2 vaccine were analyzed by binary logistic
regression. The hypothesis test was a two-sided
test, and P-values less than 0.05 were considered
as significant. The statistical analyses were per-
formed in IBM SPSS Statistics 19.0 and Graph-
pad Prism 9.2.

RESULTS

A total of 480 participants (110 hypertension,
110 diabetes, 100 combined hypertension and
diabetes, and 160 healthy controls) were
recruited between 15 October and 22 October
2021. The number of subjects screened and
included is shown in Fig. 1. The main reasons

for screening failure were refusal to participate,
uncontrolled blood pressure or fasting blood
glucose, or having received SARS-COV-2 vacci-
nes before enrollment of the study. A total of
480 participants received the first dose of vac-
cine and were included in the safety population;
99.2% of study subjects received a second dose
of the vaccine and were included in the per
protocol (PP) population. The demographic
characteristics of all groups are presented in
Table 1. The average age of participants was
67.66 ± 5.21 years, ranging from 60 to 86 years.
Participants aged 60–69 years and over 70 years
accounted for 30% and 70%, respectively. There
were no significant differences in gender, eth-
nicity, or study site among the four groups
(P[0.05). The proportion of comorbidities was
higher in the hypertension group (32/110,
29.1%) than in other groups, and lowest in the
healthy controls (17/160, 10.6%). Coronary
heart disease (CHD) was the most common
comorbidities among all participants. The pro-
portions of CHD were higher in the

Fig. 1 Flowchart of the study. The chart depicts the
groups of study subjects screened prior to the study and the
specific groups being enrolled and studied. The orange

square represents the ITT population (safety population)
and blue represents the per protocol (PP) population
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hypertension group (11/110, 10%) and the
comorbidities group (10/100, 10%) than in the
other two groups.

Vaccine Safety

A total of 51 (10.62%) participants reported at
least one adverse event within 21 days of vac-
cination (see Table 2 for details). The incidences
of adverse events were 10 (9.1%), 19 (17.3%), 11
(11.0%), and 11 (6.9%) in the hypertension,

diabetes, combined disease, and healthy con-
trols group, respectively. There was no signifi-
cant difference (P\ 0.05) among different study
groups according to the total number of adverse
events, or the number of local and systemic
adverse events. Most adverse events were mild
(grade 1) and moderate (grade 2). The most
common solicited local adverse event was pain
at the injection site, which occurred in 18 out of
480 participants (3.8%). The most common
solicited systemic adverse event was fatigue,

Table 1 Baseline characteristics of participants

Characteristics Hypertension
(n = 110)

Diabetes
(n = 110)

Combined disease
(n = 100)

Healthy controls
(n = 160)

P-
value

Age groups

60–69 years 77 (70.0) 77 (70.0) 70 (70.0) 112 (70.0) 1.000

C 70 years 33 (30.0) 33 (30.0) 30 (30.0) 48 (30.0)

Sex

Male 52 (47.3) 42 (38.2) 31 (31.0) 78 (48.8) 0.200

Female 58 (52.7) 68 (61.8) 69 (69.0) 82 (51.2)

Ethnicity

Han ethnicity 110 (100.0) 110 (100.0) 99 (99.0) 160 (100.0) 0.208

Other 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0)

Study sites

Foreland 46 (41.8) 46 (41.8) 42 (42.0) 66 (41.3) 0.999

Inland 64 (58.2) 64 (58.2) 58 (58.0) 94 (58.8)

Comorbidities

Any 32 (29.1)a 20 (18.2)ab 21 (21.0)ab 17 (10.6)b 0.002

Coronary artery

disease

11 (10.0)a 5 (4.5)ab 10 (10.0)a 2 (1.3)b 0.004

Sequela of

apoplexy

3 (2.7) 7 (6.4) 4 (4.0) 2 (1.3) 0.129c

Hepatobiliary

disease

4 (3.6) 1 (0.9) 2 (2.0) 4 (2.5) 0.606c

Chronic gastritis 2 (1.8) 2 (1.8) 2 (2.0) 3 (1.9) 1.000c

Data are displayed as number (%)
a, bSignificant difference with the different letters
cFisher’s Exact Test
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Table 2 Adverse events after either dose of SARS-CoV-2 vaccines

Hypertension
(n = 110)

Diabetes
(n = 110)

Combined disease
(n = 100)

Healthy controls
(n = 160)

Solicited adverse events within 0–21 days

Any 10 (9.1) 19 (17.3) 11 (11.0) 11 (6.9)

Grade 1 9 (8.2) 13 (11.8) 7 (7.0) 10 (6.3)

Grade 2 1 (0.9) 6 (5.5) 4 (4.0) 1 (0.6)

Injection site adverse events

Pain 3 (2.7) 5 (4.5) 5 (5.0) 5 (3.1)

Grade 1 3 (2.7) 5 (4.5) 5 (5.0) 5 (3.1)

Swelling 0 (0.0) 2 (1.8) 1 (1.0) 0 (0.0)

Grade 1 0 (0.0) 1 (0.9) 1 (1.0) 0 (0.0)

Grade 2 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0)

Pruritus 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0)

Grade 1 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0)

Systematic adverse events

Dizziness 1 (0.9) 8 (7.3) 3 (3.0) 1 (0.6)

Grade 1 1 (0.9) 6 (5.5) 3 (3.0) 1 (0.6)

Grade 2 0 (0.0) 2 (1.8) 0 (0.0) 0 (0.0)

Fatigue 3 (2.7) 4 (3.6) 3 (3.0) 4 (2.5)

Grade 1 3 (2.7) 4 (3.6) 2 (2.0) 4 (2.5)

Headache 1 (0.9) 4 (3.6) 3 (3.0) 1 (0.6)

Grade 1 1 (0.9) 2 (1.8) 3 (3.0) 1 (0.6)

Grade 2 0 (0.0) 2 (1.8) 0 (0.0) 0 (0.0)

Cough 0 (0.0) 2 (1.8) 0 (0.0) 0 (0.0)

Grade 1 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0)

Grade 2 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0)

Chest tightness 0 (0.0) 1 (0.9) 1 (1.0) 1 (0.6)

Grade 1 0 (0.0) 1 (0.9) 1 (1.0) 1 (0.6)

Nausea 0 (0.0) 1 (0.9) 2 (2.0) 1 (0.6)

Grade 1 0 (0.0) 1 (0.9) 2 (2.0) 1 (0.6)

Non-injection site

pruritus

0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

Grade 2 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

Arthralgia 1 (0.9) 0 (0.0) 1 (1.0) 0 (0.0)
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which presented in 14 out of 480 participants
(2.9%). Grade 3 or severe adverse events (SAE)
were not observed in the hypertension and
diabetes groups, but occurred in 1.0% (1/100) in
the combined disease group and 1.3% (2/160)
in healthy controls. None of these serious
adverse events were related to the vaccines.
There were no vaccine-related deaths. In addi-
tion, 25 of the 480 (5.2%) participants reported
unsolicited adverse events (see Table 2 for
details).

SARS-CoV-2 Vaccination Immunogenicity

All participants had neutralizing antibody titers
of less than 1:4 at baseline. At day 28 after the
second dose, the conversion rates of serum
neutralizing antibody (GMT C 16) were 97.3%
(107/110), 97.3% (107/110), 100.0% (99/99),
98.7% (155/157) in the hypertension, diabetes,
combined disease, and healthy control groups,
respectively. There was no significant difference
in the seroconversion rates of neutralizing
antibody among the four groups (P = 0.343)
(Fig. 2A). After adjusting for age, sex, study site,
and comorbidities, the difference was still not
statistically significant (P = 0.845). The

Table 2 continued

Hypertension
(n = 110)

Diabetes
(n = 110)

Combined disease
(n = 100)

Healthy controls
(n = 160)

Grade 2 1 (0.9) 0 (0.0) 1 (1.0) 0 (0.0)

Muscle pain 1 (0.9) 1 (0.9) 0 (0.0) 2 (1.3)

Grade 1 1 (0.9) 1 (0.9) 0 (0.0) 2 (1.3)

Skin mucosal

abnormalities

0 (0.0) 2 (1.8) 0 (0.0) 0 (0.0)

Grade 1 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0)

Grade 2 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0)

Anorexia 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

Grade 1 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

Constipation 0 (0.0) 0 (0.0) 1 (1.0) 1 (0.6)

Grade 1 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0)

Grade 2 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

Vomiting 1 (0.9) 0 (0.0) 0 (0.0) 1 (0.6)

Grade 1 1 (0.9) 0 (0.0) 0 (0.0) 1 (0.6)

Unsolicited adverse events within 0–21 days

Any 7 (6.4) 6 (5.5) 6 (6.0) 6 (3.8)

Grade 1 6 (5.5) 3 (2.7) 2 (2.0) 2 (1.3)

Grade 2 1 (0.9) 3 (2.7) 4 (4.0) 4 (2.5)

Data are displayed as number (%), representing the total number of participants who had adverse events related to
vaccination
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neutralizing antibody GMT post-vaccination in
the hypertension, diabetes, combined disease,
and healthy controls group were 75.28 (95% CI
64.03–88.50), 69.4 (95% CI 59–81.63), 77.21
(95% CI 66.68–89.41), and 78.64 (95% CI
69.87–88.50), respectively, and there was no
significant difference in GMT among the four
groups (P = 0.298) (Fig. 2B). After adjusting for
age, sex, study site, and comorbidities, the result
was similar (P = 0.559).

In addition, the correlation factors of SARS-
COV-2 neutralizing antibody titers were ana-
lyzed according to different serological conver-
sion standard values (GMT C 32) among
participant with diseases, including hyperten-
sion and diabetes. The results showed that the
level of neutralizing antibodies after immu-
nization was higher in females than in males
(OR = 2.59, 95% CI 1.31–5.12, P = 0.006). Age,
study site, comorbidities, and disease groups
had no effect on serological transformation
(P\0.05) (Table 3).

DISCUSSION

Although good safety and immunogenicity of
theiInactivated SARS-CoV-2 vaccines has been

demonstrated in previous studies [11, 22, 23],
further data on post-vaccination among
patients with chronic diseases such as hyper-
tension and/or diabetes are essential. In this
open-label, multi-center, prospective clinical
trial, we evaluated the safety and immuno-
genicity of two doses of inactivated SARS-CoV-2
vaccine among 480 elderly people aged over
60 years with or without hypertension and
diabetes. No serious vaccine-related adverse
events occurred, and the majority of partici-
pants produced an adequate neutralizing anti-
body response.

For vaccine safety, preliminary results sug-
gested that the incidence of adverse events was
not higher in people with hypertension or dia-
betes. Results of a previous phase III trial [22]
with only 1.6% of the study participants aged
older than 60 years, indicated that the overall
incidence of solicited adverse events within
21 days of vaccination was 39.1%, higher than
the 10.6% in this study. Safety data from phase I
and phase II inactivated vaccine trials showed
that 21% participants aged over 60 years repor-
ted at least one adverse event within 28 days
after vaccination [10], and the incidence of
adverse events among volunteers
aged C 60 years was lower than among

Fig. 2 Neutralizing antibody response of SARS-CoV-2
vaccines. Positive rates (A) and neutralizing antibodies
GMT (B) to SARS-CoV-2 induced after the whole
schedule of SARS-CoV-2 vaccination in hypertension,
diabetes, combined disease, and healthy controls. The

dotted black line indicates the cutoff level of positive
neutralizing antibodies. Each colored dot represents one
serum sample. The solid black lines indicate the geometric
mean and 95% CI of neutralizing antibodies
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volunteers aged 18–59 years [24]. Furthermore,
most adverse events in the studies above were
mild (grade 1) or moderate (grade 2), transient,
and self-limited. Another study showed an
increase in glycated hemoglobin (HbA1c) levels
among healthy volunteers who received inacti-
vated SARS-COV-2 vaccine, even reaching the
range of pre-diabetes [25]. In addition, there
have been reports of diabetic ketoacidosis (DKA)
in diabetes mellitus type 1 (T1DM) patients after
receiving SARS-COV-2 vaccine [26]. In this trial,
no adverse events such as DKA were observed
through close monitoring of subjects, especially
among patients with diabetes.

This study showed no statistically significant
difference in neutralizing antibody GMT among
the chronic disease groups and the healthy
control group. Neutralizing antibody GMT

[range from 69.40 (95% CI 59.00–81.63) to
78.64 (95% CI 69.87–88.50)] in all four groups
appeared to be lower than that in a previous
study [109.7 (95% CI 97.4–123.4)][27]. A
prospective study of the BNT162b2 COVID-19
vaccine conducted among healthcare workers
indicated lower immunoglobulin (Ig)G con-
centrations and lower neutralizing antibody
concentrations (did not reach significance) in
patients with diabetes, and the trial also found a
significant association with lower antibody
responses in patients with hypertension [28]. A
similar conclusion was also found in another
study conducted with an inactivated vaccine
[29]. It is important to note that patients with
comorbidities, such as diabetes, need be con-
sidered with priority of vaccination given the
increased risk of severe COVID-19 and death

Table 3 Multivariate analysis of factors influencing the SARS-COV-2 neutralizing antibody in patient population

Characteristics GMT < 32 (n = 43) GMT ‡ 32 (n = 277) OR (95% CI) P-value

Age groups

60–69 years 25 (58.1) 199 (71.8) 0.62 (0.31–1.27) 0.197

C 70 years 18 (41.9) 78 (28.2)

Sex

Male 26 (60.5) 99 (35.7) 2.59 (1.31–5.12) 0.006

Female 17 (39.5) 178 (64.3)

Study sites

Foreland 17 (39.5) 117 (42.2) 1.10 (0.56–2.15) 0.788

Inland 26 (60.5) 160 (57.8)

Comorbidities

Yes 35 (81.4) 212 (76.5) 1.46 (0.63–3.42) 0.378

No 8 (18.6) 65 (23.5)

Disease groupsa

Hypertension 14 (32.6) 96 (34.7) – –

Diabetes 18 (41.9) 92 (33.2) 0.99 (0.42–2.36) 0.983

Combined disease 11 (25.6) 89 (32.1) 0.69 (0.30–1.57) 0.376

Data are displayed as number (%)
GMT geometric mean titer, OR odds ratio, CI confidence interval
aOR of diabetes and combined disease were compared with hypertension
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associated with SARS-COV-2 infection [30, 31].
No difference in the immune response to inac-
tivated SARS-CoV-2 vaccines was observed in
patients aged over 60 years with diabetes and
hypertension compared with healthy subjects.
These results could help reduce vaccine hesi-
tancy and increase vaccine confidence in elderly
patients with chronic disease.

In our study, females appeared to have
stronger immune responses after vaccination
than males, which was consistent with the
results of the inactivated influenza vaccine [32].
In addition, other inactivated and live-attenu-
ated vaccines have similar descriptions of gen-
der differences in immunity among elderly,
possibly due to genetic, hormonal, and envi-
ronmental factors [33, 34].

Our study still has several limitations. First,
although neutralizing antibody responses were
estimated with the inactivated SARS-CoV-2
vaccine in the vast majority of participants with
hypertension and diabetes, the efficacy of the
vaccine against SARS-COV-2 infection requires
further study. Second, this study did not detect
related clinical laboratory indicators, such as
cholesterol, triglyceride, or HbA1c, which may
provide more safety data. Third, the results may
only apply to inactivated vaccines and should
be generalized with caution to vaccines pro-
duced by different technologies and platforms.
Finally, further studies on the safety and effi-
cacy of SARS-COV-2 vaccines in elderly patients
with hypertension and diabetes need to expand
the cohort and extend the follow-up time. Since
our research focused on hypertension and/or
diabetes, we have not enrolled sufficient sub-
jects with other chronic diseases such as renal
disease. Relevant research is not included in our
study and will be considered in follow-up
studies.

CONCLUSIONS

Sufficient neutralizing antibodies against SARS-
COV-2 were observed in patients over 60 years
old with hypertension and/or diabetes after two
doses of inactivated SARS-COV-2 vaccine. In
addition, we observed that females had a
stronger immune response after vaccination

than males. There was no significant difference
in vaccine safety compared with healthy con-
trols. Further studies on persistence of
immunogenicity and actual protection are
needed.
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