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Aim: Pneumococcal and influenza infections can cause serious morbidity and mortality in patients with cardio-
vascular diseases. The purpose of this study was to investigate the safety and efficacy of simultaneous inocula-
tions of 23-valent pneumococcal polysaccharide vaccine (PPSV23) and trivalent influenza vaccine (TIV) in 
patients with coronary artery disease (CAD).

Methods: This was a prospective, randomized, single-blind, placebo-controlled study. A total of 40 patients 
with CAD were randomly assigned to the TIV＋PPSV23 (simultaneous inoculations of TIV and PPSV23) and 
TIV＋Placebo (inoculations of TIV and placebo) groups. Primary outcomes were the safety of simultaneous vac-
cinations and the changing of circulating cardiovascular biomarkers before, at 4-, and at 12-weeks after vaccina-
tions.

Results: The baseline characteristics between the two groups were identical. The prevalence of injection-site 
pain, swelling, and reddening were 47%, 37%, and 37% in the TIV＋PPSV23 group, and 10%, 5%, and 0% in 
the TIV＋Placebo group, respectively. All reactions were self-limited. Body temperature ＞37.0℃ or serious 
injection-related reaction was not observed. The levels of white blood cells, high-sensitivity C-reactive protein, 
N-terminal pro-B-type natriuretic peptide, pentraxin-3, and malondialdehide-modified low-density lipoprotein 
(LDL), were not significantly different between the two groups before and after vaccinations. The levels of anti-
oxidized LDL were significantly and step-wisely decreased from baseline, to 4-, and 12-weeks vaccinations in the 
both groups. No significant changes of other markers were observed in both groups at each time point.

Conclusion: Simultaneous inoculations of TIV and PPSV23 were safety in patients with CAD, suggesting that 
dual vaccinations can be considered even in patients with CAD.

infarction and stroke4, 5). Streptococcus pneumoniae and 
influenza viruses are common pathogens in commu-
nity-acquired pneumonia, which can cause serious 
morbidity and mortality in patients with cardiovascu-
lar diseases6, 7).

It has been reported that inoculation of influenza 

Introduction

Systemic inflammation is linked to an increased 
risk of cardiovascular events1-3). Indeed, previous stud-
ies demonstrated that acute infections are associated 
with a transient increase in the risk of myocardial 
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December 2013. Inclusion criteria were age ≥ 50 
years, patients with documented CAD defined as ≥ 
50% diameter stenosis by coronary angiography, or 
history of myocardial infarction, prior percutaneous 
coronary revascularization, or prior coronary artery 
bypass surgery. Exclusion criteria were patients treated 
with PPSV23 previously, patients treated with another 
vaccination within 3 months, patients with allergy 
against vaccine component, egg, chicken, and chicken-
derived ingredients, patients with acute and severe dis-
eases, patients with liver disorder (aspartate amino-
transferase and/or alanine aminotransferase ≥ 2.5 
times or larger than upper normal limits), patients 
with renal disorder (creatinine level ≥ 2.0 mg/dL), his-
tory of myocardial infarction within 6 months, history 
of coronary revascularization within 3 months, 
patients with congestive heart failure (New York Heart 
Association Class III or IV), patients with poor con-
trol diabetes (HbA1c ≥ 10%), patients with poor con-
trol hypertension (systolic blood pressure ≥ 200 
mmHg or DBP ≥ 110 mmHg), and patients who 
judged as ineligible by clinical investigators. No sub-
jects changed either their internal medications or daily 
dietary habits during the study period. This study was 
approved by the Ethical Committee of Juntendo 
University. Subjects received full verbal and written 
explanations of the nature and purpose of this study, 
and gave their written informed consent. This study 
has been registered in the UMIN Clinical Trials Regis-
try System http://www.umin.ac.jp/ctr/ as the trial ID 
UMIN000012017.

Study Design
This was a prospective, randomized, single-blind, 

placebo-controlled study. The patients were randomly 
assigned to the simultaneous inoculations of trivalent 
influenza vaccine (TIV) (The Chemo-Sero-Therapeu-
tic Research Institute, Kumamoto, Japan) and 
PPSV23 (Pneumovax NP, MSD, K.K., Tokyo, Japan) 
(TIV＋PPSV23) group and inoculations of TIV and 
placebo (TIV＋Placebo) group using a computer-
assisted random numbers table system. A single staff 
member performed the randomization without any 
knowledge of the clinical information. In the TIV＋
PPSV23 group, each patient was simultaneously and 
subcutaneously immunized with 0.5 ml of TIV and 
0.5 ml of PPSV23 in the extensor of right upper arm 
and the extensor of left upper arm, respectively. In the 
TIV＋Placebo group, each patient was simultaneously 
and subcutaneously immunized with 0.5 ml of TIV 
and 0.5 ml of saline in the extensor of right upper arm 
and the extensor of left upper arm, respectively. The 
patients were blinded after assignment to vaccinations 
until 12-week visit. Primary outcomes were related to 

vaccine is associated with reduced risk of major car-
diovascular events8, 9). In addition, previous studies, 
including a meta-analysis, have also demonstrated that 
inoculation of 23-valent pneumococcal polysaccharide 
vaccine (PPSV23) is also associated with decreased 
risk of cardiovascular events and mortality10-12). Several 
studies have reported that dual inoculations of 
PPSV23 and influenza vaccine reduced the risk of 
respiratory infection comparing with inoculation of I 
influenza vaccine alone13, 14). In addition, Hung et al. 
demonstrated that dual inoculations of PPSV23 and 
influenza vaccine are effective in preventing of myo-
cardial infarction and stroke in elderly patients with 
chronic illness15). Although the Ministry of Health, 
Labor and Welfare of Japan has approved of the simul-
taneous inoculation of PPSV23 and influenza vaccine 
at the physician’s discretion, simultaneous inoculation 
is not necessarily a popular clinical practice, especially 
in elderly patients.

The mechanisms, by which inoculations of 
PPSV23 and influenza vaccine reduce the risk of car-
diovascular events, have been investigated. Acute 
infections in respiratory system, which can elicit both 
a systemic and local inflammation, may induce vascu-
lar inflammation, promote thrombogenesis, and stim-
ulate biomechanical stress5, 15-17). These pathophysio-
logical events may also induce disruption and trigger 
thrombosis in a pre-existing vulnerable coronary 
lesion16, 17). A basic study showed that pneumococcal 
immunization induced high levels of oxidized low-
density lipoprotein (oxLDL)-specific IgM antibody, 
which was cross-reactive with pneumococcal determi-
nants and decreased the extent of atherosclerosis in 
LDL receptor deficient mice18), suggesting that pneu-
mococcal immunization may ameliorate the levels of 
oxLDL and/or oxLDL-specific antibodies.

However, the safety and efficacy for inflamma-
tory and oxidative responses of simultaneous inocula-
tions of PPSV23 and influenza vaccine in high risk 
patients for cardiovascular events have not been inves-
tigated. Therefore, we conducted a prospective ran-
domized study, which investigate the safety and the 
changing of inflammatory and oxidative markers after 
simultaneous inoculations of PPSV23 and influenza 
vaccine or inoculation of influenza vaccine alone in 
patients with coronary artery disease (CAD).

Methods

Subjects
We recruited 41 patients with stable CAD, who 

requested influenza vaccination at regular check-up in 
the outpatient clinic at Juntendo University Hospital, 
to participate this study from November 2013 to 
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Results

Clinical Characteristics of the TIV＋PPSV23 and 
the TIV＋Placebo Groups

We randomised 41 patients with stable CAD in 
this study. One patient withdrew the consent just 
before inoculations of TIV and PPSV23. Finally, 40 
patients (mean age 66 years, 16 males) were enrolled 
in this study (Fig.1). The clinical characteristics at 
enrollment are shown in Table 1. There were no sig-
nificant differences in age, gender, body mass index, 
the prevalence of hypertension, diabetes mellitus, dys-
lipidemia, smoking history or other clinical profiles 
between the two groups. The concomitant use of each 
medication was also identical between the two groups.

Comparison of Body Temperature between the TIV
＋PPSV23 and TIV＋Placebo Groups

The changing of body temperature in each group 
is shown in Fig.2. There were no significant differ-
ences in body temperature during 14 days after vacci-
nations between the two groups.

Changing in Injection-Site Swelling, Reddening, 
and Pain in the TIV＋PPSV23 and TIV＋Placebo 
Groups

The prevalence of injection-site swelling, redden-
ing, and pain in the left upper arm were 37%, 37%, 
and 47%, in the TIV＋PPSV23 group, and 5%, 0%, 
and 10%, in the TIV＋Placebo group, respectively (all 
P＜0.01). The changing of injection-site swelling, red-
dening, and pain in each group are shown in Fig.3 
(right upper arm) and Fig.4 (left upper arm). In the 
right upper arm, there were no significant differences 
in swelling, reddening, and pain during 5 days after 
vaccinations between the two groups. In the left upper 
arm, the sizes of swelling at Day 1 (1.1±1.6 vs. 0.0±
0.0 inch, P＜0.01), Day 2 (0.9±1.3 vs. 0.0±0.0 inch, 
P＜0.01), and Day 3 (0.5±0.9 vs. 0.0±0.0 inch, P＜
0.01), were significantly larger in the TIV＋PPSV23 
group than those in the TIV＋Placebo group. The 
sizes of reddening at Day 1 (1.1±1.5 vs. 0.1±0.3 
inch, P＜0.01), Day 2 (0.9±1.4vs. 0.0±0.0 inch, P＜
0.01), and Day 3 (0.7±1.0 vs. 0.1±0.3 inch, P＜
0.05), were significantly larger in the TIV＋PPSV23 
group than those in the TIV＋Placebo group. The 
pain grading at Day 1 (0.8±1.0 vs. 0.0±0.0, P＜
0.01), Day 2 (0.6±0.7 vs. 0.0±0.2, P＜0.01), Day 3 
(0.4±0.6 vs. 0.0±0.2, P＜0.01), and Day 4 (0.3±0.6 
vs. 0.0±0.0, P＜0.05), were significantly higher in the 
TIV＋PPSV23 group than those in the TIV＋Placebo 
group. All swelling, reddening, and pain were self-lim-
ited.

the safety of simultaneous vaccinations (including 
changes in body temperature after 14 days and injec-
tion-site responses, such as pain, swelling, and redden-
ing, after 5 days) and changes in circulating cardiovas-
cular biomarkers before vaccinations and 4 and 12 
weeks thereafter.

Measurements of Body Temperature and Injection-
site Responses

We requested all subjects to measure body tem-
perature every morning for 14 days after vaccinations. 
We also requested to check and record the pain, swell-
ing, and reddening in each injection-site for 5 days 
after vaccinations. The pain scores 0,1,2, and 3 were 
defined as none, mild, moderate, and severe, respec-
tively. The reaction sizes of swelling and reddening 
were measured by a simple measurement ruler.

Blood Sampling and Measurements
Blood sampling was performed before, at 4-, and 

at 12-weeks after vaccinations. Complete blood count, 
aspartate aminotransferase, alanine aminotransferase, 
total cholesterol (TC), triglyceride (TG), high-density 
lipoprotein cholesterol (HDL-C), lactate dehydroge-
nase, creatinine, uric acid, blood glucose, hemoglobin 
A1c, and high-sensitivity C-reactive protein (hs-CRP), 
were analyzed by standardized measurement methods. 
The level of low-density lipoprotein cholesterol (LDL-
C) was calculated by Friedewald’s formula. The plasma 
N-terminal pro-B-type natriuretic peptide (NT-
proBNP) levels were measured using a commercially 
available immunoassay kit (Elecsys proBNP, Roche 
Diagnostics). For the measurement of the following 
parameters, we utilized commercially available enzyme 
immunoassay kits: pentraxin (PTX)-3 was measured 
by a monoclonal antibody (Perseus Proteomics Inc., 
Tokyo, Japan); malondialdehide-modified low-density 
lipoprotein (MDA-LDL) by a monoclonal antibody 
(Sekisui Medical Co., Ltd., Tokyo, Japan); anti-oxLDL 
by a monoclonal antibody (Immundiagnostik AG, 
Bensheim, Germany)19).

Statistical Analysis
The results are presented in the mean values±

SD. Statistical intergroup differences at the baseline 
were analyzed by the chi-square test and unpaired Stu-
dent’s t-test. The differences at the follow-up were 
analyzed by the two-way ANOVA to detect any sig-
nificant differences, which were later evaluated by post 
hoc analysis (i.e., Tukey’s test). All statistical analyses 
were performed with SPSS version 20 (SPSS, Inc). A 
P-value of less than 0.05 was considered significant.
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levels between the two groups in any time-points.

Prevalence of Respiratory Tract Infections and 
Other Serious Events during the Study Period

During 12 weeks follow up, upper tract infection 
was observed 3 and 5 subjects in the TIV＋PPSV23 
and TIV＋Placebo groups, respectively. No influenza 
infection, other vaccine related-serious adverse reac-
tions, cardiovascular events, or other inflammatory 
diseases were observed during 12 weeks.

Discussion

This study showed that the prevalence of 
PPSV23 injection-site pain, swelling, and reddening 
were higher in the TIV＋PPSV23 group comparing 
with the TIV＋Placebo group. However, all reactions 
were mild and self-limited. No severe injection-related 
reactions or other inflammatory disorders were 
observed during the study period. To the best of our 
knowledge, this is the first report, which demonstrated 

Changes in Blood Count, Blood Chemistry 
Parameters, and Inflammatory and Oxidative 
Markers between the TIV＋PPSV23 and TIV＋
Placebo Groups

The changing of blood count, blood chemistry 
parameters, and inflammatory and oxidative markers, 
in each group is shown in Table 2. All these values 
except anti-oxLDL levels were not significantly differ-
ent between the two groups before and after vaccina-
tions. No significant changes of these markers except 
anti-oxLDL levels were also observed in both groups 
at each time point. The levels of anti-oxLDL were sig-
nificantly and step-wisely decreased from baseline, to 
4-, and 12-weeks vaccinations in the TIV＋PPSV23 
group (baseline: 100704936, 4 weeks: 55411773, vs. 
baseline P＜0.05, 12 weeks: 38392014, vs. baseline P
＜0.01). Same trends of anti-oxLDL levels were 
observed in the TIV＋Placebo group (baseline: 
94107377, 4 weeks: 57041186, vs. baseline P＜0.05, 
12 weeks: 3540864, vs. baseline P＜0.01). However, 
there were no significant differences of anti-oxLDL 

 

CONSORT 2010 Flow Diagram 

Assessed for eligibility (n=54) 

Excluded (n=13) 
   Not meeting inclusion criteria (n=8) 
   Declined to participate (n=5) 

                    Analysed (n=19) 

                 Lost to follow-up (n=0) 

            Discontinued intervention (n=0) 

Allocated to intervention TIV+ PPSV23 (n=20) 
 Received allocated intervention  (n=19) 
 Did not receive allocated intervention 

            (Withdrew consent) (n=1) 

                       Lost to follow-up (n=0) 

              Discontinued intervention (n=0) 

Allocated to intervention TIV+Placebo (n=21) 
 Received allocated intervention (n=21) 
 Did not receive allocated intervention (n=0) 

                        Analysed (n=21) 

Allocation 

Analysis 

Follow-Up 

Randomized (n=41) 

Enrollment 

Fig.1. Flow Diagram Describing the Study Patients Included in This Study

TIV; trivalent influenza vaccine, PPSV23; 23-valent pneumococcal polysaccharide vaccine.
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Table 1. Clinical characteristics in the TIV＋PPSV23 and the TIV＋Placebo groups

TIV＋PPSV23 
(n =19)

TIV＋Placebo 
(n =21)

P Value

Age, years
Male, (%)
Body mass index, kg/m2

Hypertension, (%)
Diabetes mellitus, (%)
Dyslipidemia, (%)
Current smoker, (%)
Family history of premature CAD,
Previous myocardial infarction, (%)
Prior PCI, (%)
Prior CABG, (%)
No. of diseased vessels

One, (%)
Two, (%)
Three, (%)

Ejection fraction, %
Medications

Aspirin, (%)
Thienopyridine, (%)
Calcium channel blockers, (%)
Beta-blockers, (%)
ACE inhibitors or ARB, (%)
Diuretics, (%)
Statins, (%)
Sulfonylurea, (%)
Thiazolidine, (%)
Biguanide, (%)
DPP-IV inhibitors, (%)
Insuline, (%)

66±8
17 (89)
24.5±4.3
14 (74)
10 (53)
18 (95)

3 (16)
4 (21)
8 (42)

10 (53)
4 (21)

 
5 (26)
8 (42)
6 (32)
64±9

 
16 (84)

7 (37)
11 (58)

7 (37)
11 (58)

3 (16)
17 (89)

1 (6)
1 (6)
1 (6)
4 (21)
2 (11)

67±8
18 (86)

24.5±3.4
17 (81)
11 (52)
20 (95)

6 (29)
6 (29)
9 (43)

13 (62)
1 (5)

 
10 (48)

8 (38)
3 (14)
64±10

  
19 (90)

8 (38)
8 (38)
9 (43)

16 (76)
7 (33)

17 (81)
4 (19)
0 (0)
3 (14)
7 (33)
0 (0)

0.663
0.720
0.992
0.583
0.987
0.942
0.334
0.583
0.962
0.554
0.120

 
0.165
0.796
0.191
0.791

0.550
0.935
0.210
0.698
0.217
0.201
0.451
0.188
0.287
0.342
0.385
0.127

Values are mean±SD. INF= influenza; PC=pneumococcal; CAD=coronary artery disease; PCI=percutaneous coro-
nary intervention; CABG=coronary artery bypass grafting; ACE=angiotensin-converting enzyme; ARB=angiotensin II 
type 1 receptor blockers; DPP=Dipeptidyl peptidase.

Fig.2. Comparison of Body Temperature between the TIV＋PPSV23 and TIV＋Placebo Groups

Each error bar (1SD) was demonstrated by one-side because of retativly large values of SD. TIV; trivalent influenza vac-
cine, PPSV23; 23-valent pneumococcal polysaccharide vaccine.
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tively high, the percentage of PPSV23 inoculation is 
still low even in Japan20). Indeed, the mean vaccina-
tion rate of PPSV23 in 2017 was 35.0% in elderly 
Japanese persons21). Therefore, clinical physicians 
must encourage inoculating pneumococcal vaccine as 
well as influenza vaccine, especially in patients with 
cardiovascular disease, who are at high risk for mor-
bidity and mortality of pneumonia and/or cardiovas-
cular events. In these cases, the present study provided 
evidence that simultaneous inoculations of pneumo-
coccal and influenza vaccines prior to the beginning of 

the safety of simultaneous inoculations of PPSV23 
and TIV in patients with CAD conducted by a pro-
spective, randomized, single blinded placebo-con-
trolled design.

It has been reported that inoculation of pneumo-
coccal vaccine as well as influenza vaccine reduces the 
risk of major cardiovascular events8-12). In addition, 
dual inoculations of pneumococcal and influenza vac-
cines are supposed to additionally decrease the risk of 
myocardial infarction and stroke as well as respiratory 
infection comparing with inoculation of influenza 
vaccine alone13-15). However, there are few evidences, 
which showed the clinical usefulness of simultaneous 
inoculations of pneumococcal and influenza vaccines 
in patients at high risk for cardiovascular events. In 
the present study, we clearly demonstrated the low risk 
of injection-related reactions even in patients with 
CAD. Although the vaccination rate of TIV is rela-

Fig.3. Changes in Injection-site Swelling, Reddening, and 
Pain in the TIV＋PPSV23 and TIV＋Placebo Groups 
(Right Upper Arm)

In the right upper arm, no significant differences in swelling, red-
dening, and pain 5 days after vaccinations was observed between 
both groups.
Each error bar (1SD) was demonstrated by one-side because of 
retativly large values of SD. TIV; trivalent influenza vaccine, 
PPSV23; 23-valent pneumococcal polysaccharide vaccine.

Fig.4. Changes in Injection-site Swelling, Reddening, and 
Pain in the TIV＋PPSV23 and TIV＋Placebo Groups 
(Left Upper Arm)

In the left upper arm, the TIV＋PPSV23 group had significantly 
more swelling at Day 1 (1.1±1.6 vs. 0.0±0.0 inches; P＜0.01), 
Day 2 (0.9±1.3 vs. 0.0±0.0 inch; P＜0.01), and Day 3 (0.5±0.9 
vs. 0.0±0.0 inch; P＜0.01), significantly more reddening at Day 1 
(1.1±1.5 vs. 0.1±0.3 inches; P＜0.01), Day 2 (0.9±1.4 vs. 0.0±
0.0 inches; P＜0.01), and Day 3 (0.7±1.0 vs. 0.1±0.3 inches; P
＜0.05), and significantly higher pain grading at Day 1 (0.8±1.0 
vs. 0.0±0.0; P＜0.01), Day 2 (0.6±0.7 vs. 0.0±0.2; P＜0.01), 
Day 3 (0.4±0.6 vs. 0.0±0.2; P＜0.01), and Day 4 (0.3±0.6 vs. 
0.0±0.0; P＜0.05) compared to the TIV＋Placebo group.
Each error bar (1SD) was demonstrated by one-side because of 
retativly large values of SD. TIV; trivalent influenza vaccine, 
PPSV23; 23-valent pneumococcal polysaccharide vaccine.
＊P＜0.05 compared with the TIV＋Placebo group.
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23.1%, and 72.3%23). Therefore, we believe that local 
adverse reaction of simultaneous inoculations of TIV 
and PPSV23 is limited and acceptable.

The levels of white blood cell, hsCRP, NT-
proBNP, PTX-3, and MDA-LDL, were not signifi-
cantly different between the two groups before and 
after vaccinations. In addition, no significant changes 
of these markers were observed in both groups at each 
time point. These findings suggest that simultaneous 
inoculations of TIV and PPSV23 as well as TIV 
administration were safe even in patients with CAD. 
Meanwhile, the levels of anti-oxLDL IgG antibody 
were significantly and step-wisely decreased from base-
line, to 4-, and 12-weeks vaccinations in both groups. 
The precise mechanism, by which the levels of anti-
oxLDL IgG antibody were decreased after vaccina-
tions, is uncertain. A previous basic study showed that 
pneumococcal immunization induced oxLDL-specific 
IgM antibody, which was cross-reactive with pneumo-
coccal determinants18). The presence of anti-oxLDL 

the influenza season would be considerably useful and 
helpful.

In this study period, body temperature ＞37.0℃ 
or serious injection-related reaction was not observed. 
The prevalence of PPSV23 injection-site swelling, red-
dening, and pain, was significantly higher in the TIV
＋PPSV23 group than the TIV＋Placebo group. The 
maximum levels of each reaction were also signifi-
cantly higher in the TIV＋PPSV23 group than the 
TIV＋Placebo group. However, all these swelling, red-
dening, and pain were mild and self-limited. A previ-
ous study reported that adverse reactions to immuni-
zation in 541 individuals receiving simultaneous inoc-
ulations of PPSV23 and TIV, and in 320 recipients of 
PPSV23 alone22). The prevalence of reddening, swell-
ing, and soreness, was 20.7%, 16.2%, and 34.9%, in 
the PPSV23 and TIV group, and 15.0%, 13.1%, and 
30.6%, in the PPSV23 alone group22). In the inter-
view form of Pneumovax®NP, the prevalence of red-
dening, swelling, and soreness, was reported as 26.2%, 

Table 2.  Changes of blood count, blood chemistry parameteres, and inflammatory and oxidative markers between the TIV＋
PPSV23 and the TIV＋Placebo groups

TIV＋PPSV23
(n =19)

TIV＋Placebo
(n =21)

Baseline 4 weeks 12 weeks Baseline 4 weeks 12 weeks

Complete blood count
White blood cell count, 103/mL
Hemoglobin, g/dL
Platelet, 103/mL

Blood chemistry parameteres
Aspartate aminotransferase, U/L
Alanine aminotransferase, U/L
Lactate dehydrogenase, U/L
Blood urea nitrogen, g/dL
Creatinine, g/dL
Uric acid, mg/dL
Total cholesterol, mg/dL
Triglyceride, mg/dL
LDL-cholesterol, mg/dL
HDL-cholesterol, mg/dL
Fasting blood glucose, mg/dL
HbA1c, %
NT-proBNP, pg/mL

Inflammatory and oxidative markers
High-sensitivity CRP, mg/L
PTX-3, ng/mL
MDA-LDL, U/L
Anti-oxLDL, U/mL

 
6.0±1.9

14.0±2.1
20.1±4.7

 
26±12
25±15

197±36
16.8±5.0
0.83±0.24

5.9±0.9
164±25
151±78

83±21
50±15

125±35
6.3±0.8
431±638

 
1.21±1.45
1.88±0.98
110±27

10070±4936

 
6.3±2.0

14.1±2.1
21.4±4.5

 
27±13
26±16

193±32
18.2±5.8
0.84±0.26

6.1±1.0
167±20
145±52

83±21
50±12

129±64
6.4±0.8

404±559
 

1.65±2.33
1.91±0.78
113±41

5541±1773＊

 
5.9±1.5

14.4±1.9
22.0±5.1
 

23±8
22±11

191±31
16.3±5.7
0.84±0.32

6.0±0.9
165±21
153±62

86±19
49±12

117±36
6.5±0.8
373±663

 
2.97±5.63
1.86±1.17
124±48

3879±2014＊＊ ＃

 
6.0±1.1

14.2±1.3
19.3±4.2

 
26±13
29±18

187±34
16.2±4.2
0.80±0.23

5.4±1.3
162±29
131±85

91±25
48±11

127±30
6.2±0.7
236±537

 
0.90±1.53
1.94±0.91
103±34

9410±7377

 
5.9±1.4

14.2±1.3
18.2±5.0

 
26±11
29±17

184±29
16.7±3.2
0.80±0.25

5.4±1.4
167±32
131±62

83±21
49±13

128±39
6.3±0.8

187±286
 

1.00±1.32
1.88±0.71
103±35

5704±1186＊

 
5.9±1.2

14.4±1.4
20.5±4.1

 
29±17
29±17

184±29
16.4±3.7
0.80±0.22
5.4±1.3
162±23
131±56

88±24
48±10

123±35
6.4±0.7
164±269

 
1.46±0.95
1.88±0.95
109±36

3540±864＊＊ ＃

Values are mean±SD. INF= influenza; PC=pneumococcal; CAD=coronary artery disease; LDL= low-density lipoprotein; HDL=high-density 
lipoprotein; CRP=C-reactive protein; PTX=pentraxin; NT-pro BNP=N-terminal pro brain natriuretic peptide; MDA=malondialdehyde; 
oxLDL=oxidized LDL
＊P＜0.05 compared with at baseline   ＊＊P＜0.005 compared with at baseline   ＃P＜0.05 compared with after 4 weeks
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